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 VII.  D iagnostics  

 Diagnost ic devices a re employed in  the An tiproton  Source to provide a  

means of sensing the beam in  each  of the accelera tor  r ings and t ranspor t  

lines. Because the pbar  beam has rela t ively low in tensity, some specia l 

devices and modified devices from other  accelera tors  were requ ired. Be 

forewarned, th is chapter  covers diagnost ics a t  a  level fa r  beyond wha t  is 

expected from an  Opera tor . However , it  br ings together  in format ion  tha t  was 

previously sca t tered amongst  severa l sources  for  use as a  reference. 

 To organ ize th is chapter , it  has been  separa ted in to seven  broad 

ca tegor ies as shown in  the following table of con ten ts. In  many cases, a  single 

diagnost ic will over lap mult iple ca tegor ies. When  tha t  happens, we will on ly 

cover  the diagnost ic once and not  over lap the other  sect ion (s). 
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A. In te ns ity  and Losse s  

The first  sect ion  of th is chapter  will cover  diagnost ics used to measure 

in tensit ies and losses. Th is includes the DCCTs  (Debuncher  and 

Accumula tor), toroids and Beam Loss Monitors. Beam Posit ion  Monitors can  

a lso measure beam in tensity, bu t  they a re covered in  the t ransverse beam 

measuremen ts sect ion  instead. Likewise, gap monitor s and wall cu rren t  

mon itors can  be used to measure in tensity, bu t  a re  instead covered in the 

longitudinal measurements section. 

 

1. DCCT's  

 A DCCT or  Direct  Curren t  Curren t  Transformer  is a  device used to 

measure the quan t ity of circu la t ing beam with  h igh  precision . D:BEAM and 

A:BEAM are beam curren t  or  in tensity readbacks for  the Debunch er  and 

Accumula tor  respect ively tha t  a re sourced from DCCT’s insta lled in  each  

r ing. Accuracy is one par t  in  10
5
 over  the range of 1 mA to 200 mA of beam 

curren t . The Debuncher  DCCT’s accuracy is somewhat  less in  stacking mode 

due to the lower  beam in tensity. As an  aside, the revolu t ion  per iod of both  

the Debuncher  and Accu mula tor  for  an  8 GeV par t icle is ~1.6 µs. Based on  

th is coincidence with  the un its of charge, beam curren t  can  easily be 

conver ted to in tensity: 

 

 1 m A = 1 X 10
10

 particles. 

  

 because 

 

1.6 X 10
-19

 Cou lomb/par t icle 

        1.6 X 10
-6
 second             = 1 X 10

-13
 Amperes/pa r t icle 

 

For  10
10

 circu la t ing par t icles, the cu rren t  is: 1 X 10
-3

 Amp or  1 mA. 

 

 The pickups a re supermalloy tape-wound toroida l cores with  lamina t ions, 

wh ich  act  to reduce eddy cu rren ts. Beam goes th rough  the hole of the donu t  
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Figure 7.1  DCCT elect ronics 

and acts a s a  single tu rn  on  the toroid t ransformer . The beam sensing 

electron ics a re a t tached to wire windings on  the toroids. Passing beam 

induces magnet ic flux in  the toroids and the electron ics sense the  second 

harmonic of the 801 Hz pilot  signa l (caused by the non-linear  hysteresis 

character ist ics of the toroid) and produces an  equa l and opposite cu rren t  tha t  

min imizes the ha rmonic and thus keeps the net  toroid flux a t  zero. Referr ing 

to Figure 7.1, T1 senses the AC por t ion  of the beam while T2, T3, the 

modu la tor , and demodu la tor  sense the signa l caused by the DC por t ion . The 

DC and AC signa ls a re summed in  OP1, wh ich  dr ives each  toroid ju st  ha rd 

enough  to cancel the beam -induced flux. The beam cancella t ion  signa l is 

measured across the hea tsinked power  resistor  R. The accuracy of the 

measuremen t  is dependen t  on  the resistance staying constan t  

 The DCCT toroids a re con ta ined in  40 inch  long by 10 inch  diameter  

st ructu res tha t  reside in  st ra igh t  sect ion  10 of both  r ings. Both  the 

Accumula tor  and Debuncher  DCCT signa ls go to a  receiver  chassis upsta irs 

a t  AP10. Each  receiver  chassis has a  slow (1 Hz), medium (100 Hz) and fast  

(220Hz) ou tpu t . Each  ou tpu t  can  be configu red to be sampled on  a  small sca le  

(5 mA/V) or  fu ll sca le (40 mA/V) 
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         F igure 7.2  Accumula tor  and Debuncher  DCCT layout s
27 

 

 

 

 Debuncher DCCT: 

 F igu re 7.2 shows the presen t  Accumula tor  and Debuncher  DCCT 

configura t ion s. Since the ha rdware is iden t ica l, both  a re shown in  the same 

diagram with  the Debuncher  specific items in  pa ren thesis. The slow ra te (1 

Hz) fu ll sca le (40 mA/V) ou tpu t  of the Debuncher  DCCT is rou ted to a  

Keith ley digita l voltmeter  (DVM) loca ted in  a  rack in  the AP10 con trol room.  

The Keith ley DVM is a  GPIB device tha t  ta lks to the con trol system th rou gh  

the AP1001 fron t  end, resu lt ing in  the D:IBEAM readback  tha t  upda tes once 

per  second with  a  sca le in  the mA par t icle range. Due to the slow 1 Hz 

sample ra te and la rge beam in tensity sca le, D:IBEAM is not  u sefu l to 

measure stacking beam, bu t  can  be used for  circu la t ing reverse protons.   
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 The medium ra te (100 Hz) fu ll sca le (40 mA/V) Debuncher  DCCT ou tpu t  

is processed th rough  an  MADC, using the standard CAMAC 190 ca rd 

communica t ing th rough  the Pbar  CAMAC fron t  end. Th is provides the 

D:IBEAMB readback with  a  beam sca le in  the 10
10

 pa r t icle range. Th is range 

is too la rge to measure stacking beam, bu t  aga in  can  be used to measure 

reverse protons.    

 The fast  ra te (220 Hz) small sca le (5 mA/V) ou tpu t  is split  in to t wo par ts, 

with  one signa l going to an  MADC and the other  t o the PBEAM VME fron t  

end. The MADC signa l goes to a  CAMAC 190 ca rd commun ica t ing th rough  

the Pbar  CAMAC fron t  end. Th is provides the D:IBEAMV readback which  

measures beam in  the µA par t icle range. Th is sca le is appropr ia te for  

measur ing stacking beam; however , the baseline of th is signa l dr ifts 

sign ifican t ly. In  the past , a t tempts were made to implemen t  an  au tomated 

baseline subtract ion  using the other  ava ilable 220  Hz, 5 mA/V signa l. The 

resu lt  was the Z:IBMV16 parameter . However , th is has been  disconnected in  

favor  of processing tha t  DCCT ou tpu t  th rough  the PBEAM fron t  end.   

PBEAM is a  VME fron t  end loca ted in  AP10 tha t  over samples the 220 Hz 

DCCT ou tpu t  a t  720 Hz and can  provide readbacks with  a  resolu t ion  on  the 

order  of a  sliding average of twelve 720 Hz samples. PBEAM was designed to 

provide stable readback tha t  is fast  enough  to sample Debuncher  beam a t  

va r ious t imes dur ing the stacking cycle. P38 IBEAM <1> - <7> list s the 

va r ious beam parameters genera t ed by PBEAM. D:BEAMx (x=1-10)  a re the 

Debuncher  beam in tensity sampled a t  va r ious t imes in  the stacking cycle.  

D:BEAM3 is a  “no beam in tensity” baseline, sampled 30 msec before beam is 

in jected in  the Debuncher , D:BEAM4 is measured soon  a fter  bunch  rota t ion , 

and D:BEAM5 is measured pr ior  to extract ion . D:BEAM is a  sliding average 

of twelve 720 Hz samples.  
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 Accum ulator DCCT : 

 F igure 7.2 a lso shows the presen t  Accumula tor  DCCT configura t ion . The 

slow ra te (1 Hz) fu ll sca le (40 mA/V) ou tpu t  of the Accumula tor  DCCT is 

rou ted to a  Keith ley digita l voltmeter  (DVM) loca ted in  racks in  the AP10 

con trol room. The Keith ley DVM is a  GPIB device tha t  communica tes to the 

con trol system th rough  the AP1001 fron t  end resu lt ing in  the A:IBMOLD 

readback tha t  upda tes once per  second with  a  sca le in  the mA par t icle range.  

Th is readback used to be poin ted to A:IBEAM, which  was the standard 

Accumula tor  in ten sity readback for  stacked pbars. In  J anuary 2009, 

A:IBEAM was changed to poin t  a t  the PBEAM fron t  end readback which  is 

descr ibed below. 

 The medium ra te (100 Hz) fu ll sca le (40 mA/V) DCCT ou tpu t  is processed 

th rough  an  MADC, using the s tandard CAMAC 290 ca rd communica t ing 

th rough  the Pbar  CAMAC fron t  end. Th is provides the A:IBEAMB readback 

which  measures beam sca le in  the 10
10

 pa r t icle range. Th is pa rameter  can  be 

usefu l for  measur ing both  stacked Pbars and reverse protons. It  can  be read 

and plot ted faster  than  A:IBMOLD, bu t  a lso is a  noisier  signa l.    

 The fast  ra te (220 Hz) small sca le (5 mA/V) ou tpu t  is split  in to t wo par ts, 

with  one signa l going to an  MADC and the other  the PBEAM fron t  end. The 

MADC signa l goes to a  CAMAC 290 ca rd communica t ing th rough  the Pbar  

CAMAC fron t  end. Th is provides the A:IBEAMV readback , wh ich  measures 

beam sca le in  the mA par t icle range. The other  200 Hz, 5 mA/V ou tpu t  is 

rou ted th rough  the new PBEAM fron t  end. Aga in , the PBEAM VME fron t  

end oversamples t he 220 Hz DCCT ou tpu t  a t  720 Hz and can  provide 

readbacks with  a  resolu t ion  on  the order  of a  sliding average of twelve 720  

Hz samples. Both  A:BEAM and A:IBEAM poin t  to the live readback of th is 

device, wh ich  is ou r  standard for  both  stacking and unstackin g beam 

in tensity readbacks. A:IBEAM used to poin t  to the Keith ley DVM readback 
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    Table 7.1  Accumula tor  PBEAM parameters 
 

(descr ibed above), bu t  was moved over  to the PBEAM fron t  end once it  was 

determined tha t  it  was a  more accura te readback. The PBEAM fron t  end was 

a lso designed to sample Accumula tor  beam a t  va r ious t imes dur ing the 

stacking, unstacking or  reverse proton  cycles. These pa rameters can  be found 

on  parameter  page P38 IBEAM <1> - <7> and a re listed below in  Table 7.1 

 

Accumulator PBEAM Parameters 

Parameter Mode Sample time 

A:BEAM1 Reverse Protons Before injection 

A:BEAM2 Reverse Protons After injection 

A:BEAM3 Stacking Before Accumulator Injection 

A:BEAM4 Stacking After Accumulator Injection 

A:BEAM5 Stacking Before ARF1 Ramp 

A:BEAM6 Stacking After ARF1 Ramp 

A:BEAM7 Unstacking Prior to bunching 

A:BEAM8 Unstacking Beam on extraction orbit 

A:BEAM9 Unstacking After Extraction 

2. Toro ids  

 Pearson  single tu rn  la rge aper tu re toroids a re loca ted in  the t ranspor t  

lines to mon itor  beam in tensity. They a re beam transformers tha t  produce a  

signa l tha t  is propor t iona l to the in tensity (1  V for  every 1 A of cu rren t). The 

toroids make use of in tegra tors tha t  sample over  a  ga ted per iod tha t  is 

defined by a  Main  In jector  Beam Synch  (MIBS) t imer . M:TOR109, for  

example, u ses the t iming even t  M:TR109S to sta r t  the sample per iod. The 

ou tpu t  of the in tegra tor  is sampled and held for  an  A/D conversion .  

 There a re two toroids in  the P1 line and one toroid in  the P2 line.  

I:TOR702 and I:TOR714 measure beam in tensit y in  the upstream and 

downstream P1 line respect ively, wh ile I:TORF16 is loca ted in  the P2 line 

near  the (proton  direct ion ) upstream end of the AP -1 line. I:TR702S, 
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I:TOR714S and I:TRF16S a re ca libra ted for  low in tensity beam s, like pbar  

t ransfers. 

 There a re two toroids loca ted in  the AP-1 line. M:TOR105 is loca ted in  the 

Pre-Vau lt  enclosu re ju st  upstream of P6QA and is u sed to mon itor  proton  or  

an t iproton  in tensit ies in  the AP -1 line. The electron ics tha t  provide the 

MADC reading for  M:TOR105 sa tu ra te a t  a round 4e12, lower  than  the usua l 

beam in tensity du r ing stacking. M:TR105B is a  h igher  in tensity sca ling of 

the same toroid and has become the standard device used to determine the 

proton  in tensity going to the ta rget . It  is a lso the device used by the Beam 

Budget  Monitor  (BBM) in  the Main  Con tr ol Room. M:TOR109 is a lso in  the 

Pre-Vau lt  enclosu re ju st  upstream of the Target  Vau lt . For  many years th is 

device was the standard for  measur ing the number  of protons en ter ing the 

Vau lt  and reach ing the ta rget . However , when  Beam Sweeping was 

implemen ted in  2006, it  was found tha t  runn ing the sweeping magnets can  

add an  offset  to th is toroid signa l. M:TR105B does not  have th is problem, so 

it  has taken  over  as the defau lt  measure of beam on  ta rget .   

 There a re th ree toroids in  the AP -2 line and one toroid in  the D to A line. 

D:TOR704 is loca ted just  downstream of the Vau lt . It  measures the la rge flux 

of nega t ive secondar ies en ter ing AP -2, most  of wh ich  a re pa r t icles other  than  

pbars. D:724TOR measures nega t ive secondar ies ju st  downstream of the AP2 

line Left  Bends, and D:TOR733 measures nega t ive secondar ies a t  the end of 

the AP2 line.  D:806TOR measures beam in  the D to A line.  

 The four  toroids men t ioned above were upda ted ea r lier  in  Run  II. The 

or igina l AP2 line toroids had 3-inch  aper tu res, wh ich  is smaller  than  the 

nomina l t ranspor t  line 5.5-inch  aper tu re. In  order  to increase AP2 line and D 

to A line aper tu re, new 6-inch  “la rge aper tu re” toroids were in sta lled a t  704, 

724 and 806. The cha llenge has been  to make these toroids funct ion  in  a  

stacking environment . A pu lse of 10
10

 pa r t icles in  1.6 microseconds is 

equ iva len t  to 1 mA of cu rren t  flowing th rough  the toroid. Th is produces an  
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 F igure 7.3  Accumula tor       

 and Debuncher  BLM’s 
 

ou tpu t  signa l of on ly 1 m V, requ ir ing h igh  ga in  and ca refu l filter ing. Tor704 

has upda ted electron ics and Tor724 and Tor733 have new electron ics tha t  

incorpora te a  shared oscilloscope a t  AP -50. The scope name is cu rren t ly 

AP30-BPM-SCOPE, which  reflects the former  use of th is scope. Tor806 a lso 

has new electron ics tha t  incorpora te a  scope named Tor806-Scope a t  AP10. 

 There is one toroid in  the AP -3 line, 

D:TOR910, wh ich  is loca ted between  EQ10 

and EQ11. Th is toroid is u sed both  to 

measure reverse in jected protons directed 

down the AP-3 line and for  measur ing pbars 

extracted dur ing t ransfers to the Recycler . 

 

3. Be am  Loss  Monitors  

 There a re two types of Beam Loss 

Monitors (BLMs) in  the An tiproton  Source, 

ion  chamber  and plast ic scin t illa tor  with  a  

photomult iplier  tube (PMT). The ion  

chamber  BLMs can  be found in  the P1, P2, 

AP-1 and par t  of the AP-3 beamlines and 

a re used to mon itor  losses du r ing stacking 

and pbar  t ransfers. The plast ic scin t illa tor  

BLMs a re dist r ibu ted th roughou t  the 

Accumula tor  and Debuncher  r ings and can  

be used for  studies or  for  loca t ing loss 

poin ts. 

 The ion  chamber  mon itors a re the same 

as those used in  the Teva tron . The BLM 

detector  is a  sea led glass ion  chamber  with  

a  volume of 110 cubic cen t imeters tha t  is 
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filled to 1 a tmosphere with  Argon . A h igh  voltage power  supply is da isy - 

cha ined to a  st r ing of BLMs and provides abou t  a  1,500 Volt  bias to the 

chamber . The ou tpu t  goes upsta irs on  an  RG58 signa l cable to a  beam loss 

in tegra tor  and then  to a  Mult iplexed Ana log to Digita l Conver ter  (MADC). 

The MADC is read by the con trol system in  the usua l way.   

 The plast ic scin t illa tor  design  BLM is sensit ive to a  small number  of 

pa r t icles, someth ing the ion  chamber  loss mon itors a ren ’t . The loss mon itors 

a re made up of a  4"x2"x1/2" piece of plast ic scin t illa tor  glued to a  36" long 

Lucite ligh t  gu ide (see Figure 7.3). At  the end of the ligh t  gu ide, a  small 

Lucite coupling a t taches it  to an  RCA 4552 PMT. The PMT's were recycled 

from old “pa in t  can ” loss mon itors and a re rela t ively rugged. The in ten t  of the  

ligh t  gu ide is to keep the scin t illa tor  near  the magnets bu t  to extend the 

phototubes up and away from the region  of beam loss. Th is assembly is 

moun ted in  a  housing made up of PVC pipe and has feed -th roughs for  the 

h igh  voltage and signa l cables. 

 H igh  voltage supplies for  the BLMs a re loca ted in  the AP10, 30 and 50 

service bu ildings. Each  supply feeds up to 20 BLMs th rough  a  Berkeley 

voltage divider  wh ich  a llows the ga ins of a ll the PMT's to be matched by 

set t ing the h igh  voltage to each  one individua lly. In  actua l pract ice , a ll of the 

h igh  voltages a re run  near  maximum va lue.  

 The BLM ou tpu t  is processed th rough  a  ser ies of th ree ca rds loca ted in  

one or  more NIM cra tes. Each  service bu ilding has a  single BLM rack 

processing both  Accumula tor  and Debuncher  BLM signa ls for  two sectors. 

The signa ls a re passed from card to ca rd via  LIMO connect ions in  the fron t  

panels of the ca rds. The BLM ou tpu t  fir st  goes to an  amplifier  ca rd, wh ich  

handles twelve BLMs and amplifies each  BLM signa l by approximately 10 

t imes. Each  amplified signa l is next  sen t  to a  quad or  octa l discr imina tor , 

wh ich  handles fou r  or  eigh t  BLMs. Th is ca rd levels the signa l spike from the 

PMT caused by the lost  pa r t icle and sends a  NIM level pu lse to a  J orway 
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quad sca la r  wh ich  handles fou r  BLM’s. The sca la r  is rea lly a  pu lse coun ter  

tha t  coun ts pu lses du r ing the ga ted per iod defined by the  ga te modu le. A 

CAMAC 377 ca rd provides sta r t , stop and clea r  t imes to the ga te modu le for  

the ga te pu lse. Ou tpu t  from the J orway 84-1 ca rd is sen t  to the con trol 

system. Plast ic scin t illa tor  loss mon itor  electron ics coun t  pu lses wh ile 

Teva tron  style a rgon  gas loss mon itor  electron ics accumula tes charge on  an  

in tegra tor  capacitor .  

 User  in ter faces for  the r ings loss mon itors include the RING LOSS 

MONITORS applica t ion  (cu rren t ly P46) and the POWER SUPPLY PARAM 

pages (cu rren t ly P60 <ACC##> <9> {##=10, 20, 50} and P60 DEB##> <7> 

{##=10, 20, 50}>). 

 

B. Transve rse  Be am  Me asure m e nts  

The second sect ion  of th is chapter  will cover  t ransverse beam 

measuremen ts. Th is includes the Beam Posit ion  Monitors  (Debuncher , 

Accumula tor , Echotek and Rapid Transfer ), Secondary Emission  Monitors, 

Opt ica l Tra nsit ion  Radia t ion  Detectors, Ion  Profile Monitors, Flying Wires 

and Quad Pickups. 

 

1. Be am  P os ition  Monitors  

 The Pbar  Beam Posit ion  Monitor  (BPM) system s provide single tu rn  and 

mult i-tu rn  or  closed orbit  posit ion  in format ion  with  sub-millimeter  

resolu t ion . Posit ion  in format ion  is u sed to correct  the orbit  and to measure 

la t t ice pa rameters. In  addit ion , BPMs can  a lso provide beam in tensity 

in format ion . The pr imary advan tage of BPM's is tha t  they do not  make direct  

con tact  with  the beam. The Debuncher  has 120 sets of pickups and the 

Accumula tor  has 90. They a re split -pla te, bi-direct iona l electrosta t ic pickups 

tha t  a re sensit ive to a  RF st ructu re on  the beam, therefore the beam must  be 

bunched for  the BPM's to work. Pickups a re genera lly found a t  quadrupole 
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Figure 7.4  Debuncher  BPM layout  for  one house 

(only two of twenty BPM’s are shown) 
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loca t ions in  the la t t ice, with  hor izon ta l BPMs typica lly near  the hor izon ta lly 

focusing quads and the ver t ica l BPMs near  the ver t ica lly focusing quads . 

Circu la r  and rectangu la r  pickups a re used depending on  loca t ion ; the beam 

pipe size is small in  low dispersion  sect ions and is very la rge hor izon ta lly in  

a reas of h igh  dispersion . Rectangu la r  pickups a re used on ly in  the h igh  

dispersion  sect ions of the Accumula tor . Accumula tor  h igh  dispersion  BPM’s 

a re 10 x 30 cm rectangles, Accumula t or  low dispersion  BPM’s a re cylindr ica l 

and have a  13 cm diameter , Debuncher  BPM’s a re cylindr ica l with  an  18 cm 

diameter . BPM's can  a lso be found in  the AP1, 2 and 3 beamlines.  The AP-1 

line has 7.6 cm diameter  combined hor izon ta l and ver t ica l BPM’s a t  every 

quadrupole loca t ion  while the AP -2 and AP-3 lines a re single-plane and 13 

cm in  diameter , genera lly a lterna t ing planes a t  quadrupole loca t ions.  
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a . De bunche r 

 The 120 Debuncher  BPMs a re divided in to six “houses” of 20 BPMs each  

(10 hor izon ta l and 10 ver t ica l). The houses a re named by tunnel loca t ion  (10, 

20, 30, 40, 50 and 60). Each  BPM house has a  dedica ted electron ics rack , 

resu lt ing in  two Debuncher  BPM racks in  each  of the AP10, AP30 and AP50 

service bu ildings. Figure 7.4 is a  diagram of the BPM syst em for  a  single 

BPM house.  

 

 Debuncher BPM Layou t: 

 Each  BPM pickup has a  pa ir  of pla tes (labeled A and B on  Figure 7.4) 

whose signa ls a re fed direct ly in to a  switch ing preamp moun ted on  the beam 

pipe. The preamp on ly connects to a  single BPM pla te (A or  B) a t  a  t ime, and 

switches back and for th  between  pla tes  500 t imes a  second via  a  solid sta te 

switch . The ou tpu t  of each  preamp is sen t  upsta irs to the service bu ilding via  

a  ½” heliax coax cable. The signa ls from twen ty BPMs for  a  single house a re 

fed th rough  the top of the BPM rack and then  connect  to one of five Pbar  

Downconver ter  ca rds in  a  5U NIM cra te. The Pbar  Downconver ter  ca rds for  

th is system have a  dist inct ive blue panel with  orange let ter ing . It  shou ld be 

noted tha t  Debuncher  BPM electron ics wer e upgraded from a  VME based 

system to the cu rren t  Pbar  Downconver ter  Card based system in  November  

2008. Th is upgrade a llows the use of Debuncher  BPM’s for  both  reverse 

protons and stacked pbars. 

 Each  downconver ter  ca rd connects to fou r  BPMs on  the back of the ca rd, 

a s well a s an  Ethernet  connect ion , LDVS bus connect ions, and t imer  LEMO 

connect ions on  the fron t  of the ca rd. At  each  loca t ion , one downconver ter  ca rd 

serves as the "master" and the other  downconver ter  ca rds act  a s "ta rgets." 

The "master" downconver ter  ca rd receives a  TCLK via  a  fron t-panel LEMO 

inpu t  from a  standard CAMAC t imer  ca rd, wh ich  is fanned ou t  by a  LEMO 

da isy-cha in  to the "ta rgets." The “master” downconver ter  ca rd a lso receives a  
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53.1MHz reference signa l wh ich  is sourced and fanned ou t  from the A10 

BPM house. Each  downconver ter  ca rd is con t inuously observing a  na rrow 

band a round 53.1 MHz on  each  of its fou r  rea r -panel inpu ts and 

synchronously demodu la tes the modu la ted signa l on  each  inpu t  to der ive the 

A & B pla te signa ls. Each  downconver ter  modu le can  decode signa ls from 

four  BPM un its. 

 The "master" downconver ter  ca rd connects to the "ta rget" downconver ter  

ca rds via  a  da isy-cha ined Low Differen t ia l Voltage Signa ling (LDVS) bus 

tha t  is termina ted a t  each  end. LDVS a llows for  fast  da ta  t ransfer  speeds 

over  economica l twisted pa ir  copper  cables. The LDVS cables look simila r  to 

the standard CAT5 Ethernet  cables with  RJ 45 connectors, bu t  the LDVS 

cables a re fla t .  

 The DRF1 adiaba t ic cavit ies play a  cu rve with  a  20msec fla t  top towards 

the end of the stacking cycle. Th is provides the 53.1 MHz bunch  st ructu re 

needed for  the Debuncher  BPMs to be able to detect  circu la t ing pbars. The 

Pbar  Downconver ter  ca rd sums the BPM A and B pla te signa ls wh ile beam is 

bunched dur ing th is t ime to provide the in tensity reading. Since th is 

in tensity is a  measure of the an t iprotons tha t  a re bunched, it  is not  on ly 

dependen t  on  beam in tensity, bu t  a lso on  RF voltage, Debuncher  momentum 

cooling ga in  and cycle t ime.   

 The "master" downconver ter  ca rds have Ethernet  connect ions with  

network names of PbarDebBPM##.fna l.gov, where ## is the BPM house 

number  (10, 20, 30, 40, 50, or  60). They communica te over  Ethernet  to the 

AP2BPM J ava  Open  Access Clien t  (OAC) pseudo fron t  end which  genera tes 

the BPM in tensity and posit ion  readbacks.   

 The BPM Test  Genera tor  ou tpu ts  ca libra t ion  signa ls to the 20 BPM 

preamps in  the tunnel for  tha t  BPM house. There a re six BPM houses for  a  

tota l of 120 preamps. The ca libra t ion  signa l t ravels on  exist ing heliax coax 

cables left  over  from the previous Debuncher  BPM system , and is modu la ted 
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Figure 7.5  Debuncher  TBT BPM’s 
 

 

synchronously with  the preamp switch ing signa l to simula te any desired 

beam displacemen t . 

 The pr imary user  in ter face for  the Debuncher  BPMs include the BPM 

parameter  page (cu rren t ly the P57 <DEB> and P57 <DEB2> subpages) and 

the J ava  Pbar  Debuncher  BPM applica t ion .  

 Debuncher TBT: 

 The ver t ica l BPM a t  D6Q19 and hor izon ta l BPM a t  D10Q are pa r t  of a  

tu rn  by tu rn  (TBT) system for  use by Pbar  exper ts  du r ing reverse proton  

studies as shown in  Figu re 7.5. Un like the other  Debuncher  BPMs, the A and 

B pla tes of these BPMs have separa te cables tha t  come upsta irs to the service 

bu ilding a t  the 60 house BPM rack. Reca ll tha t  the normal Debuncher  BPMs 

have on ly a  single cable and a  switch ing preamp tha t  s witches between  the 

two BPM pla tes. In  the top of the service bu ilding rack , the BPM signa l pa irs 

for  the D6Q19 and D10Q BPMs a re each  run  th rough  a  hybr id tha t  produces 

a  sum and difference signa l. Each  sum and difference signa l is then  run  
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Figure 7.6  Accumula tor  BPM block diagram  
 

th rough  a  preamp which  can  be found in  the 60 sector  BPM house rack under  

then  normal BPM equ ipmen t . The ou tpu t  of the of preamps run  on  th ick 

RG213 coax cable to the AP10 con trol room where they connect  to a  scope 

used to look a t  the TBT da ta  for  reverse protons. Th is is not  rela ted to the 

“Lava  Lamp” TBT applica t ion , u sed for  pbar  in ject ion , in  any way. In  

addit ion , there is cu rren t ly no ACNET in ter face to th is system. 

  

b. Accum ulator 

 The 90 Accumula tor  BPMs a re divided in to six “houses” of 15 BPMs each . 

The houses a re named by tunnel loca t ion  (10, 20, 30, 40, 50 and 60). Each  of 

the BPM houses ha ve a  dedica ted electron ics rack tha t  includes a  VXI fron t  

end, resu lt ing in  two Accumula tor  BPM racks in  each  of the AP10, AP30 and 

AP50 service bu ildings. Figure 7.6 is a  diagram of the BPM system for  a  

single BPM house.  

 Signa ls from the BPM pickups go th rough  an  ion  clea r ing box and on  to a  

h igh  impedance preamplifier . The ion  clea r ing box and preamp a re moun ted 

direct ly on  the beampipe. There a re A and B signa ls corresponding to the two 
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BPM pickup pla tes. The matched signa l pa ths have independen t  ga in  

con trol, in  both  cases the ou tpu t  of the preamp is inpu t  to the ana log ca rd in  

the VXI fron t  end upsta irs in  the service bu ilding. 

 The Fermilab designed and bu ilt  VXI ana log ca rd has eigh t  inpu ts made 

up of fou r  channel-pa irs. Each  inpu t  is ga in  adjustable with  two modes of 

opera t ion . Turn -By-Turn  (TBT) mode uses down -conversion  with  a  h igher  50-

55MHz frequency passband. Closed orbit  mode has no down -conversion , with  

a  lower  120kHz to 7MHz frequency passband . There is a  two posit ion  switch  

in  the ana log ca rd tha t  a llows switch ing between  the TBT and closed orbit  

modes. The ana log ca rd a lso has a  loca l oscilla tor  (LO) inpu t  from a  reference 

signa l dist r ibu t ion  modu le in  the r ack. Th is provides a  70.9MHz signa l tha t  

is u sed in  TBT mode. Ou tpu t  from the VXI ana log ca rd becomes the inpu t  for  

the VXI digit izer  ca rd.  

 The Fermilab designed and bu ilt  VXI digit izer  ca rd a lso has eigh t  inpu ts 

made up of fou r  channel-pa irs. Each  inpu t  provides a  12-bit  digit izer  and a  

128k buffer . The digit izer  ca rd has an  on -board Digita l Signa l Processor  

(DSP) which  processes the digit ized da ta . When  in  TBT mode , a  posit ion  for  

each  tu rn  is ca lcu la ted and when  in  closed orbit  mode an  average posit ion  is 

ca lcu la ted. The digit izer  ca rd a lso has a  25.6MHz ADC clock reference 

supplied from a  reference signa l dist r ibu t ion  modu le in  the rack .  

 The BPM VXI cra te has a  un iversa l clock decoder  (UCD) ca rd  tha t  

provides TLCK inpu t  and a  Power  PC card tha t  con ta ins the cra te CPU. The 

Power  PC card runs the VxWorks opera t ing system which  a llows the VXI 

cra te to communica te with  ACNET and an  Ethernet  in ter face which  provides 

connect ivity to the Pbar  Con trols Network.   

 BPM ca libra t ion  is ach ieved with  th ree ca libr a t ion  pu lser  modu les loca ted 

a t  the A10, A20 and A50 BPM racks. All th ree modu les communica te using 

the GPIB protocol to a  Power  PC card in  the A10 BPM rack. The ca libra t ion  

pu lser  sends either  a  pu lsed signa l tha t  emula tes closed orbit  BPM da ta  or  a  
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burst  signa l wh ich  emula tes seven  53MHz bunches. The signa l is sen t  from 

the pu lser  modu les to the tunnel, then  split  a  number  of t imes so tha t  the 

signa l goes to each  BPM preamp in  the tunnel. At  the preamp, the 

ca libra t ion  signa l is split  one more t im e, with  one signa l going to the A pla te 

and the other  to the B pla te. These ca libra t ion  signa ls a re then  used to 

ca libra te and correct  measuremen ts.    

 The or igina l Accumula tor  BPM system made use of a  reference oscilla tor  

signa l from an  ou tpu t  of the ARF 3 low level. With  the new system, the 

expected revolu t ion  frequency of the beam is an  ACNET device tha t  is set  by 

the user .   

 In  addit ion  to their  pr imary role of detect ing beam posit ion , the 

Accumula tor  BPM pla tes a lso a re used as a  mechan ism to remove t rapped 

posit ive ions. A –1,000 Volt  DC “clea r ing voltage” is applied to the pickup 

pla tes to a t t ract  ions. The RF BPM signa ls a re passed to the electron ics 

th rough  blocking capacitors (see figu re 7.6). 

 The user  in ter faces to the Accumula tor  BPMs include t he Accumula tor  

BPM applica t ion  (cu rren t ly P51) and the BPM parameter  page (cu rren t ly 

P57). 

 

c . Echote k BP Ms  

 The P1, P2, AP1 and AP3 lines a ll sha re the E chotek style BPM 

electron ics tha t  were bu ilt  a s pa r t  of the “Rapid Transfers” Run  II Upgrade.  

Electron ics racks reside in  MI60-S (P1 Line), F1 (P2 Line), F23 (AP1 and AP3 

Lines), F27 (AP3 Line) and AP30 (AP3 Line). These BPMs a re designed to 

detect  seven  to 84 consecu t ive 53MHz proton  bunches in  reverse proton  or  

stacking mode, and four  2.5MHz pbar  bunches in  Accumula tor  to Recycler  

an t iproton  t ransfer  mode. There a re two cra tes used to process the BPM da ta : 

the ana log cra te and the VME cra te. Figure 7.7 gives an  overview of the 

Echotek BPM layou t .   
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Figure 7.7  Echotek Beamline BPM’s 
(diagram cour tesy of Beams Document  Database #1849) 

 

 Analog Crate: 

 Signa ls from the BPM A and B pla tes in  t he tunnel a re sen t  up to the 

service bu ildings via  RG8/RG213 cables  and a re connected to the back of the 

ana log filter  ca rds in  the ana log cra te. The ana log ca rds  filter , a t tenua te and 

amplify the ana log BPM signa ls as needed . Each  ana log ca rd can  handle two 

BPMs (four  BPM pla te signa ls) wh ich  a re processed and ou tpu t  th rough  the 

fron t  panel cables to Echotek ca rds in  the BPM VME cra te. The ana log cra te 

a lso con ta ins a  test /con trol modu le tha t  handles setup of the filter  modu les 

including test  pu lses. The en t ire cra te is powered with  an  externa l +5V 

power  supply tha t  is found near  the bot tom of the rack. 

 

 VME Crate: 

 Each  Echotek ca rd can  handle fou r  BP Ms (eigh t  BPM pla te signa ls).  

These ca rds digit ize and down -conver t  the signa ls so tha t  the VME PPC 

con troller  ca rd can  ca lcu la te posit ion  and in tensity in format ion  for  each  
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BPM. The VME cra te has both  TCLK and MIBS inpu ts. The IP modu les 

decode TCLK, genera te t r igger  and provide ca libra t ion  I/O for  the test /con trol 

modu le in  the ana log cra te. The Tr igger  Fan ou t  modu le fans ou t  the MIBS 

tr igger  to each  of the Echotek ca rds, and the CD Clock Board fans ou t  TCLK 

to each  of the Echotek ca rds. The BPM arming even ts a re usua lly TCLK 

where synchron iza t ion  to the beam is not  requ ired , wh ile the t r igger  even ts 

a re sou rced by Main  In jector  Beam Synch  (MIBS), whose reference is the 

Main  In jector  LLRF system. The PPC con troller  handles fron t  end  software, 

readou ts and communica t ion . The Ethernet  connect ion  on  the PPC con troller  

a llows communica t ion  over  the Pbar  Con trols network. The un ique wireless 

network configu ra t ion  in  the F23 and F27 service bu ildings a re covered in  

deta il in  the Con trols Chapter  of th is Rookie Book. 

 The user  in ter faces for  the beamline BPMs include the Oscilla t ion  

Over th ruster  applica t ion  (cu rren t ly P156), the J ava  Beamlines BPM 

applica t ion , the APX Beamline La t t ice applica t ion  (cu rren t ly P143) and the 

Pbar  Reverse Proton  Tuneup applica t ion  (cu rren t ly P150).  

 

d. AP -2 and D -to -A Line  BP Ms 

 Secondary par t icles in  the AP-2 line have the same 53MHz bunch  

st ructu re as the ta rgeted proton  beam, so BPM’s can  be used to detect  beam 

posit ion . There a re 34 BPMs in  the AP -2 beam line and seven  BPMs in  the D 

to A line tha t  sha re common design  fea tu res. When  stacking, the number  of 

an t iprotons and other  nega t ive secondar ies (most ly pions and electrons) in  

the AP-2 line is rela t ively small, on  the order  of 1 x 10
11 

a t  the beginn ing of 

the line and 1 x 10
10 

a t  the end of the line. The beam in tensity in  the D to A 

line is even  smaller , with  ~10
8 or  less reach ing the Debuncher . In  addit ion , 

the AP-2 BPMs on  the Debuncher  end of the line see sign ifican t  electr ica l 

noise from the Debuncher  In ject ion  kicker . For  these reasons, the AP -2 and D 

to A Line BPMs cou ld not  be used for  measur ing pbars in  past  yea rs.  In  2005, 
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new BPM electron ics were designed for  use in  the AP-2 line. After  the 

electron ics were in sta lled and deemed a  success, they were then  propaga ted 

to the D to A line BPMs. AP-2 BPMs can  be used to look a t  both  bunched 

stacking secondar ies and bunched reverse proton  beam while D to A line 

BPMs a re on ly used under  specia l condit ions. Dur ing stacking, the D to A 

BPMs a re on ly used with  the Pledge Pin  applica t ion  (cu rren t ly P155) for  

tun ing on  closu re in to the Accumula tor . The D to A line BPMs can  a lso be 

used to look a t  bunched reverse protons. 

 As beam decreases in  in tensity wh ile t raversing the AP2 and the D to A 

lines, increasing amoun ts of amplifica t ion  is needed before the signa ls can  be 

processed. The upstream AP2 BPM (701-715) pla te signa ls a re sen t  st ra igh t  

up to the F27 service bu ilding where they a re amplified by 20dB RF amps . 

The downstream AP2 BPM (716-734) pla tes have low noise Hit t ite amps with  

25dB ga in  loca ted in  the tunnel. The D/A line BPMs must  read even  lower  

in tensit ies, so two cascaded Hit t ite amps with  a  tota l ga in  of abou t  50dB a re 

a t tached to the pickup pla tes in  the tunnel. 

 BPM signa ls a re rou ted to racks in  the service bu ildings. There a re racks 

a t  F27 (upstream AP2 BPMs), AP50 (downstream AP2 BPMs) and AP10 (D 

to A line BPMs). F27 and AP50 each  have two NIM cra tes, and AP10 has one 

NIM cra te. The NIM cra tes house fou r  to five Pbar  down-conver ter  ca rds. 

 Each  down -conver ter  ca rd works in  a  very simila r  manner  to the 

Debuncher  BPM down -conver ter  ca rds, wh ich  were expla ined in  deta il above.  

They have the same “master” and “ta rget” down -conver ter  configu ra t ion , 

with  the same LDVS bus. The t iming is a lso da isy-cha ined in  the same 

manner  with  AP2 BPMs using MIBS and the D to A BPMs using TCLK. All 

Pbar  BPM down -conver ter  ca rds have four  BPM inpu t  connect ions. Un like 

the Debuncher  BPMs, each  AP2 or  D to A BPM pla te has a  separa te signa l 

cable. Th is means tha t  no switch ing signa l is requ ired, bu t  a lso means the 

down-conver ter  ca rds on ly connect  to two BPMs instead of fou r . Each  down -
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Figure 7.8  SEM gr id 

conver ter  ca rd is con t inuously observing a  na rrow band a round 53.1 MHz on  

each  of its fou r  rea r -panel inpu ts, wh ich  a re the BPM pla te signa l pa ir s 

coming from the tunnel. When  a  t r igger  a r r ives, abou t  5 microseconds of the 

53.1 MHz envelope da ta  a re recorded in  Field -Programmable Ga te Array 

(FPGA) SRAM and in tegra ted to form the "A" and "B" signa ls for  each  pa ir  of 

BPM pla tes.  

 The "master" down -conver ter  ca rds have Ethernet  connect ion s with  

network names of AP2BP4 (F27), AP2BP6 (AP50) and AP2BP 2 (AP10). They 

communica te over  Ethernet  to the AP2BPM J ava  Open  Access Clien t  (OAC) 

pseudo fron t  end which  genera tes the BPM in tensity and posit ion  readbacks.   

 The user  in ter faces for  the beamline BPMs include the stacking beamline 

steer ing (Oscilla t ion  Over th ruster ) applica t ion  (cu rren t ly P156), the J ava  

Beamlines BPM applica t ion , and the APX Beamline La t t ice applica t ion  

(cu rren t ly P143). 
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2. Se condary  Em iss ion  Monitor (SEM) Grids  

 SEM gr ids a re used to measure the beam profile in  the hor izon ta l and 

ver t ica l planes. SEMs consist  of rows of 30 ver t ica l and 30 hor izon ta l 

t itan ium str ips tha t  can  be placed in  the pa th  of the beam. Beam par t icles 

have elast ic collisions with  electrons in  the st r ips and dislodge them (see 

figu re 7.8). Th is causes a  cu rren t  to flow in  the st r ips , wh ich  is amplified by 

preamplifiers. For  every for ty protons or  an t iprotons passing th rough  the 

SEM, one electron  is dislodged yielding a  detector  efficiency of 2.5%. A  

clea r ing voltage of +100 VDC can  be applied to foils placed before and a fter  

the st r ips to improve the work funct ion  of the t itan ium and double the 

efficiency to 5%. Since a  small amoun t  of the beam collides with  the t itan ium 

str ips, SEM gr ids a re not  completely passive devices. Most  SEM gr ids a re 

loca ted in  the t ranspor t  lines , a lthough  a  few a re loca ted near  in ject ion  and 

extract ion  poin ts in  the r ings to be used dur ing in it ia l tune-up. If one of the 

r ing SEM gr ids is left  in , beam will be rapidly lost .  

 Motors move the gr ids in to the beam and a re con trolled by a  CAMAC 181 

ca rd. The SEM motor  con t rollers have a  sa fety system inpu t . It  ret racts the 

SEM gr ids from the beam pipe when  the beam permit  is down . Th is fea tu re 

is in tended to keep the gr ids ou t  of the beam pipe shou ld vacuum be broken . 

Techn icians can  overr ide th is funct ion  loca lly if necess a ry. 

 The SEM gr ids opera te a t  beam pipe vacuum pressu re and thus have no 

gas ga in  like the Segmented Wire Ion iza t ion  Chambers (SWICs) found in  

Switchyard. Preamp boxes a re used to amplify the signa ls genera ted by the 

SEM. Preamp boxes con ta in  a  pa ir  of motherboards with  30 preamp boards 

plugged in to each  (one hor izon ta l and one ver t ica l set ). Some versions of the 

preamp box have charge split ters tha t , when  selected, a t tenua te the signa l to 

the preamps 15 t imes when  the charge split  inpu t  is +5V. D to A lin e SEMs 

use preamps with  two ava ilable ga in  configu ra t ions. Switch ing the ga ins 

requ ires a  tunnel access. D to A line SEM ga ins a re up to 260 t imes more 
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Figure 7.9  SEM elect ronics and cont rol 

sensit ive than  those of the other  SEMs due to the low beam in tensit ies found 

dur ing stacking.  
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S EM Electron ics: 

 The SEM electron ics have been  upda ted from the or igina l design , u sing 

componen ts a lready in  use for  SWICs and mult iwires elsewhere in  the 

accelera tor  complex. The new SEM electron ics lacked some basic 

funct iona lity of the old system, so fea tu res such  as adequa te background 

subtract ion  and averaging were added to the Pbar  system  a fter  the in it ia l 

in sta lla t ion . The Target  SEM and D to A line SEMs were in it ia lly not  

conver ted to the new system because of the background subtract ion  problem . 

The n ew system st ill u ses the STEGOSAUR, one of the CAMAC t imer  ca rds 

and motor  con trollers from the old system . The STEGOSAUR is based on  the 

STEG acronym for  SEM Test  Even t  Genera tor . The STEGOSAUR provides 

t iming and test  pu lsing capabilit ies for  up to six SEMs. Figure 7.9 is a  block 

diagram of SEM electron ics and the con trols in ter face. 

 The scanners come in  th ree va r iet ies: 10,000 pf, 1,000 pf, and 100 pf. In  

genera l, the lower  the capacitance of the scanner , the more sensit ive it  is to 

lower  in tensity beam. The 10,000 pf scanner  can  handle in tensit ies down to 

a round the 10
11

 pa r t icle range, so a ll AP1 and the upstream AP2 SEMs use 

th is va r iety of scanner . The 1,000 pf scanner  can  handle in tensit ies down to 

a round the 10
10

 pa r t icle range, so the downst ream AP2 SEMs use th is 

scanner . The 100 pf scanner  is sensit ive down to the 10
8
 pa r t icle range, so 

these a re used for  the D to A line SEMs.  

 The ou tpu t  from the new scanner  is sen t  over  ARCNET to a  hub and then  

on to the MWAP10 VME fron t  end a t  AP10. ARCNE T is an  acronym for  

Attached Resource Computer  NETwork, wh ich  is an  inexpensive loca l a rea   

network tha t  can  be used to connect  up to 255 network devices over  coaxia l 

cables with  da ta  ra tes up to 2.5Mbps. The MWAP10 fron t  en d has one 

Ethernet  connect ion  used to communica te with  the con trol system using the 

VxWorks opera t ing system  and five ARCNET cards wh ich  a llow the VME to 

communica te with  the SEM scanners. Each  ARCNET card connects to one or  
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Table 7.2  MWAP10 ARCNET 

more ARCNET hub(s) and can  in ter face with  up to eigh t  scanners.  There is a  

single dedica ted ARCNET card, connect ing to a  single ARCNET hub, for  the 

scanners a t  each  of the AP10, AP30 and AP50 service bu ildings. The 

remain ing two ARCNET cards each  service two loca t ions. One ARCNET card 

goes to an  ARCNET hub a t  the down stream (stacking direct ion ) end of AP0, 

and then  to a  second ARCNET hub a t  the F27 service bu ilding. Another  

ARCNET card connects to an  ARCNET hub a t  the upstream end of AP0 and 

then  to a  second ARCNET hub a t  the F23 service bu ilding.  Table 7.2 shows 

which  SEMs a re a t tached to each  ARCNET loca t ion  (* indica tes tha t , a s of 

th is wr it ing, the old SEM electron ics a re st ill in  use). 

 

 The STEGOSAUR is st ill u sed, bu t  on ly provides a  single t r igger  to the 

scanners (un like the separa te clea r  and sta r t  t imes used by the old SEM 

elect ron ics).  The SEMs receive an  MIBS tr igger  for  AP1 and AP3 line SEMs, 

and a  TCLK tr igger  for  AP2 and the D to A lin e. 

 The STEGS, MTRS, TIMERS applica t ion  (cu rren t ly P95) is u sed for  pre -

amp test s, clea r ing field con trol and charge split ter  con trol. The PBAR SEM 

GRIDS applica t ion  (cu rren t ly P58) is u sed to moves SEM’s in  and ou t , 

display SEM profiles and adjust  t iming. 

 

 

MWAP10 SEM Controls 
MWAP10 

ARCNET Card 
Scanner 
Location 

SEMs Locations SEM numbers 

1 AP10 D/A*, Debuncher, Accumulator 607, 802, 806,807,104 

2 AP30 Upstream AP2 900, 906, 909, 913 

3 AP50 Downstream AP2, Accumulator 403, 719, 723, 728, 733 

4 
AP0 Far Upstream AP2 704, 706 

F27 Upstream AP2, Downstream AP3 710, 715, 917, 921 

5 
AP0 Far Downstream AP3, Target* 926, Target* 

F23 AP1 100, 103, 105, 106 
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3. Optica l Trans ition  Radia tion  De te ctors  

 Opt ica l Transit ion  Radia t ion  (OTR) is genera ted when  a  charged par t icle 

beam transits the in ter face of two media  with  differen t  dielectr ic constan ts.   

An  OTR detector  works by placing a  meta l foil in  the pa th  of the beam. The 

in ter face between  the vacuum and foil crea tes OTR when  beam h its t he foil. 

The foil is th in  to min imize beam sca t ter ing and is placed a t  an  angle with  

respect  to the beam, so tha t  the reflected OTR can  be direct ed to a  camera . 

The camera  can  then  record a  two dimensiona l beam profile tha t  includes 

in format ion  abou t  the t ransverse profile, t ransverse posit ion , emit tance, and 

in tensity of the beam. 

 OTR detectors a re a  commonplace diagnost ic in  electron  accelera tor s.  

Fermilab exper ts a re a t tempting to expand the use of th is diagnost ic to 

proton  and an t iproton  beams in  the va r ious t ransfer  lines. A prototype OTR 

detector  was insta lled in  the AP1 beamline just  downstream of EB6 (D:H926) 

for  eva lua t ion . Figure 7.10 is a  block diagram of the AP1 OTR system. Foils 

were composed of 20 m Aluminum or  12 m Titan ium. It  was found tha t  the 

Aluminum foil provided a  br igh ter  signa l, bu t  the Titan ium foil was more 

resistan t  to pa r t icle flux. As a  resu lt , the choice of OTR foil is dependen t  on  

the expected par t icle flux in  the line. A single lens is u sed to focus the OTR 

signa l on to a  radia t ion -hardened Charge In ject ion  Device (CID) camera . To 

min imize radia t ion  damage, the camera  and lens a re placed as fa r  away from 

the foil a s the opt ics will a llow. The foil is loca ted in  the beampipe vacuum 

with  a  t ransparen t  vacuum window between  it  and the camera  and lens 

wh ich  a re enclosed inside a  ligh t -t igh t  box. Motion  con trol is provided to 

adjust  the angle of the foil and the focus of the camera . For  best  focus, the 

camera  is placed a t  the Scheimpflug angle, wh ich  defines where the best  

focus occurs when  the subject  plane (foil) and image plane (camera) a re not  

pa ra llel. Con trolling electron ics a re connected to a  Labview PC loca ted a t  the 
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Figure 7.10  OTR Block Diagram  
(diagram cour tesy of Beams Document  Database #2110) 
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F27 service bu ilding. Da ta  collect ion  is cu rren t ly an  exper t -on ly ta sk, a s 

there is not  yet  an  ACNET in ter face to th is system.  

 OTR images were successfu lly ga thered for  120 GeV proton  beam dur ing 

stacking, providing a  2-dimensiona l beam profile tha t  (un like a  SEM) 

included the rota t ion  of the beam ellipse. The OTR is downstream (stacking 
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direct ion ) of the AP1 to AP3 line split  so tha t  the vacuum windows won’t  

cause pbar  emit tances to grow dur ing t ransfers to the Recycler . Also, the 

OTR was most  su itable as a  120 GeV diagnost ic because the lower  energy 8 

GeV beam gen era tes a  wider  opt ica l dist r ibu t ion , resu lt ing in  less ligh t  

collect ion . The opt ica l dist r ibu t ion  of the OTR peaks a t  rough ly 

1/ where
2

2

2

1

1

total

rest

E

Ev

c

. The gamma (  for  8 GeV protons is 

approximately 13 t imes smaller  than  tha t  of 120 GeV protons, so the opt ica l 

dist r ibu t ion  genera ted by the OTR would be abou t  13 t imes la rger . 

 Exper ts a lso considered insta lling an  OTR detector  in  the AP2 line. In  th is 

case, one cou ld use secondary par t icles ra ther  than  Pbars to make the OTR 

signa l. All nega t ively charged seconda r ies going down the AP2 line have a  

momentum of 8.9 GeV/c, bu t  a ll have differen t  gammas since their  rest  

energies a re differen t . As a  resu lt , the opt ica l dist r ibu t ion  for  each  type of 

pa r t icle wou ld be differen t . Beam in  the AP2 line is overwhelmingly 

domina ted by pions, wh ich  ou tnumber  Pbars by orders of magn itude. In  

addit ion , the pions have a  gamma tha t  is seven  t imes la rger  than  tha t  of an  

equa l momentum pbar , making the spot  size seven  t imes smaller . 

Consequen t ly, exper ts believe tha t  it  is feasible to pu t  an  OTR in  the AP2 

line if desired. 

 

4. Ion  P rofi le  Monitors  

 An  Ion iza t ion  Profile Monitor  (IPM) provides in format ion  abou t  the 

beam’s t ransverse profile, u t ilizing the posit ively charged ions crea ted by the 

beam in teract ing with  residua l gas in  the beam pipe. There a re severa l types 

of IPMs used th roughou t  the accelera tor  complex, the design  presen t ly used 

in  the Debuncher  is rela t ively simple. The density of ions crea ted a t  a  

pa r t icu la r  loca t ion  is propor t iona l to the density of the beam par t icles; 

therefore, the t ransverse dist r ibu t ion  of ions is the same as tha t  of the beam. 
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Figure 7.11  IPM component s  

Ions then  dr ift  in  the sta t ic electr ic field crea ted by a  set  of electrodes, a s 

shown in  Figure 7.11. 

The in it ia l la tera l speed of ions and diffusion  dur ing the ir  t ravel is negligible, 

so the ion  cloud reta ins its shape un t il they h it  the Microchannel pla tes 

(MCP). When  the ions collide with  the MCP, secondary electrons a re crea ted , 

wh ich  con t inue in to the MCP structu re. The number  of electrons is 

mult iplied by a  factor  of 104-105 in  the MCP, making it  possible to easily 

detect  the charge collected on  each  of the anode st r ips below the MCP. The 

t ransverse dist r ibu t ion  of the charge collected on  the anode st r ips has the 

same shape as the beam. 

 Beam in tensity in  the Debuncher  is very low, on ly abou t  20 A of DC 

curren t . Therefore the in tegra t ion  t ime of the IPM must  be abou t  50 msec in  

order  to collect  appreciable charge. Th is is too long for  observing in ject ion  
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effects, bu t  acceptable for  studying the stochast ic cooling ra tes du r ing a  

stacking cycle. After  receiving a  t r igger  from a  t imer  ca rd, an  externa l pu lse 

genera tor  sta r ts sending t r iggers to a  SWIC scanner  a t  the ra te of 10Hz. On  

each  t r igger  the SWIC scanner  reads ou t , in tegra tes and sequen t ia lly  

digit izes the signa l on  each  of the detector  anode st r ips. The Fron t  End 

process, loca ted in  the VME Motorola  2401 CPU card, reads the da ta  bu ffer  

from the scanner  before the next  t r igger  a r r ives . 

 The IPM power  supplies, electron ics and F ron t  End a re loca ted in  

AP30 in  racks A33R04-A33R06. The system connects to the fron t  end using a  

GPIB in ter face. High  voltage con trol and other  pa rameters can  presen t ly be 

found on  page P38 MISC <12>.  

 MCPs a re suscept ible to problems when  the h igh  voltage is left  on  too 

long. In  order  to ensu re tha t  th is does not  happen  acciden ta lly, the Fron t  End 

shu ts off the IPM h igh  voltage a fter  an  adjustable t ime has elapsed (typica lly 

3 minu tes). 

 An  externa l u ser  applica t ion  (cu rren t ly page W112) con trols the 

process of da ta  acqu isit ion . It  can  a lso save the processed da ta  on  demand to 

disk storage, ava ilable for  subsequen t  viewing. A simplified version  of the 

program, based on  SA1158, is runn ing permanen t ly on  one of the MCR 

consoles. Th is process collects da ta  a fter  receiving a  command from the 

sequencer  and saves da ta  in to the da ta logger  bu ffer . Da ta  saved on  the disk 

and in  the da ta logger  can  be viewed  using the java  program IPMViewer . 

 

5. Fly ing  Wire s  

 The hardware for  six flying wires exists in  the Accumula tor , bu t  these 

devices a re not  cu rren t ly used. The flying wires  were designed to a llow 

accura te t ransverse emit tance and momentum dist r ibu t ion  measuremen ts. 

Five of the wires a re loca ted in  a  single assembly in  the A40 h igh  dispersion  

st ra igh t  wh ile the other  wire is loca ted in  A30 between  A3Q7 and A3B7 
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where the dispersion  is rela t ively low. The th ree hor izon ta l wires in  A40 a re 

posit ioned to a llow separa te measuremen ts of beam on  the in ject ion  orbit , 

cen tra l orbit  and core orbit . 

  There were a  few issues with  the flying wires wh ich  led to their  

decommission ing. The forks for  some of the wires pass th rough  the stackta il 

when  they a re run . Th is beam, though  small  in  quan t ity, wou ld be lost  when  

the wire was flown . Occasiona lly, the wire con trols wou ld lose t rack of the 

wire posit ion , or  even  run  the wires th rough  the beam repea tedly. Recovery 

requ ired a  system reset , wh ich  flew the wires in  order  to determine their  

posit ion . The wire filamen ts themselves a re fa ir ly fragile and  prone to 

breaking. When  a  wire wou ld break, repa ir  wou ld requ ire open ing up the 

Accumula tor  vacuum chamber  du r ing a  shu tdown. The vacuum sea ls on  the 

wire assemblies were a lso vu lnerable to leaks. The hardware for  the flying 

wires is st ill in  place; however , the wires have been  pinned in  the tunnel so 

tha t  they can ’t  be moved. If th is system is brough t  back on line in  the fu tu re, 

the Accumula tor  vacuum chamber  wou ld have to be open ed since it  is 

believed tha t  some of the wires a re cu rren t ly broken .  

 

6. Quadrupole  P ickup  

 There is a  skew quadrupole pickup loca ted a t  the upstream end of the A10 

st ra igh t  sect ion . There used to be a  normally or ien ted quadru pole pickup in  

the same loca t ion , bu t  tha t  device was removed from the Accumula tor  to 

improve aper tu re.  

 A quadrupole pickup can  be used to measure t ransverse quadrupole 

oscilla t ions of the beam. The pickups a re abou t  a  meter  in  length  and a re 

made up of fou r  st r iplines. The quad pickup had the st r iplines or ien ted 

ver t ica lly and hor izon ta lly on  either  side of the beam, the skew quad pick up 

has the st r iplines rota ted 45°. The signa ls a re amplified and sen t  to 

electron ics in  the AP-10 service bu ilding, wh ich  processes the signa ls.  
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  Un like dipole oscilla t ions, wh ich  a r ise from steer ing er rors, quadrupole 

oscilla t ions a re the resu lt  of la t t ice (ß funct ion  or  dispersion ) mismatches 

between  an  accelera tor  and  beamline. The pr imary use of the quad pickup 

was in tended to quan t ify the la t t ice mismatch  between  the P1/P2/AP-1/AP-3 

lines and the Accumula tor . In  pr incipa l, the match  cou ld be improved by 

varying AP-3 quadrupole cu rren ts and observing and min imizing th e 

amplitude of the quadrupole oscilla t ions from protons reverse -in jected from 

the Main  In jector . In  pract ice, however , it  was found tha t  the quadrupole 

oscilla t ions were overwhelmed by the dipole oscilla t ions and were very ha rd 

to see. Also, ch romaticity is h igh  on  the in ject ion  orbit , so the quadrupole 

oscilla t ions decohere very qu ickly. Although  the skew quad pickup is 

cu rren t ly not  used, it  is ava ilable for  use as a  fast  broadband pickup. 

 

C. Longitudina l Me asure m e nts  

The th ird sect ion  of th is chapter  will cover  longitudina l beam 

measuremen ts made with  Wall Curren t  Monitor s and Gap Monitor s.  

Longitudina l Schot tky Detectors a re covered separa tely in  the Schot tky 

Device sect ion  and longitudina l signa l ana lyzer  displays a re covered in  the 

separa te Signa l Ana lyzers sect ion . 

 

1. Wall Curre nt Monitor 

 Beam with  a  bunch  st ructu re causes cu rren t  to flow on  the in side of a  

meta llic beam pipe, such  as the sta in less steel beam pipes used in  the 

Antiproton  Source. By breaking the meta l beam pipe with  an  insu la t ing 

ceramic gap and placing a  resistor  across the gap, one can  measure the 

voltage drop across the resistor  tha t  is propor t iona l to the beam curren t .  

 The frequency response of the pickup rolls off on  the low end because of 

beam pipe condit ions externa l to the pickup, so the pickup is housed in  a  

sh ielding box loaded with  fer r ite mater ia l to provide a  known va lue of 
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inductance. The geometry of the ceramic gap and the resistors a re chosen  to 

form a  proper ly termina ted t ransmission  line. The low frequency response of 

the wa ll mon itor  is determined by the t ime constan t  set  by the fer r ite (16 

mH) and the gap resistance (0.5 ), it  is abou t  5 kHz. The character ist ics of 

the fer r ite inductors a lso set  the h igh  frequency response of the pickup. Two 

types of fer r ites and a  coa t ing of microwave absorbing pa in t  in side the 

sh ielding box a re used to provide an  even  frequency response to 6 GHz.  

 As beam passes ir regu la r it ies like bellows in  the beam pipe, it  induces 

microwave fields a t  frequencies determined by the dimensions of the b eam 

pipe st ructu res. Tha t  energy t ravels down the inside of the pipe and can  be 

detected by the wa ll mon itor . To avoid those noise problems, fer r ite chokes 

a re in sta lled on  both  ends of the wa ll detector . 

 Signa ls a re taken  off the gap a t  fou r  poin ts a roun d the circumference and 

summed to min imize sensit ivity of the ou tpu t  signa l to va r ia t ions in  beam 

posit ion  with in  the pipe. The overa ll sensit ivity of the mon itor , accoun t ing for  

gap resistance, summing of the fou r  signa ls, 50  termina t ing resistor , etc. is 

approximately 0.15 . Tha t  is, the t ransfer  impedance of the pickup is the 

ou tpu t  voltage over  the beam curren t : 

Zpu  = 
Vou t

Ibeam
  = 

.15V

1A
  = .15  

 There is one resist ive wa ll cu rren t  mon itor  (a lso often  ca lled a  wa ll 

cu rren t  mon itor  or  resist ive wa ll mon itor) in  the Accumula tor  loca ted in  the 

50 st ra igh t  sect ion , and another  in  the AP1 line ju st  upstream of Tor105.  

Presen t ly, the Accumula tor  wa ll cu rren t  mon itor  is set  up for  a lign ing RF 

systems. Th is is an  exper t -on ly ta sk, and there is cu rren t ly no ACNET 

in ter face to th is system. The wall cu rren t  mon itor  in  the AP1 line a t taches to 

a  scope a t  AP0 and is broadcast  on  CATV Pbar  channel 7. Th is diagnost ic has 

two funct ions. First , it  is u sed to show the bunch  st ructu re of 120 GeV 

protons used for  stacking. The ACNET in ter face is the Proton  Torpedo 
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Figure 7.12  AP-1 Wall cur rent  monitor  displays for  

120 GeV protons (left ) and 8 GeV unstacked pbars (r ight ) 
 

secondary applica t ion  (cu rren t ly sta r ted from P194), wh ich  is shown in  

Figure 7.12. The second use is to mon itor  the longitudina l emit tance of 8 GeV 

pbars du r ing t ransfers. The ACNET in ter face is the LONG EMIT CALC 

program (cu rren t ly P207) and genera tes profiles for  each  Pbar  t ransfer  from 

the Accumula tor  as a lso shown in  Figure 7.12. 

 

2. Gap Monitor 

 A gap monitor  is vir tua lly iden t ica l in  design  to a  RF cavity. In  fact , the 

gap monitor  used in  the Accumula tor  10 st ra igh t  sect ion  is the same style 

resonan t  cavity used for  ARF2 and DRF2. Un like a  RF cavity, wh ich  has 

voltage applied to it  to accelera te or  decelera te the beam, bunched beam 

passing th rough  the gap in  the cavity produces a  voltage.  

 The gap monitor  is not  a  tota lly passive device, the beam is decelera ted 

sligh t ly as it  passes th rough  the gap (wha t  wou ld be the accelera t ing gap in  a  

RF cavity). The amoun t  of energy given  up by the beam as it  passes th rough  

the resonan t  cavity is deter mined in  pa r t  by the Q of the cavity (the rela t ive 

st rength  of the resonance). The gap monitor  cavit ies a re in ten t iona lly lower  

in  Q than  the RF cavit ies. The low Q weakens the signa ls bu t  reduces the 

effect  on  the beam. Although  the cavit ies reta in  the fe r r ites used in  RF 
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applica t ions, the capacitance is kept  much  lower . The gap monitor  is a  

rela t ively la rge bandwidth  device bu t  is not  sensit ive enough  to detect  

Schot tky signa ls. 

 There a re two gap monitors in  Pbar , one in  each  of the Pbar  Rings. The 

Accumula tor  gap monitor  is loca ted in  the A10 st ra igh t  sect ion  just  

downstream of A1Q5. Th is device is u sed to produce the “J ello” Display on  

the AP10-flux-scope loca ted in  the AP10 con trol room and broadcast  on  Pbar  

CATV channel 18. Th is scope can  a lso be used  as a  backup to the AP0 wall 

cu rren t  mon itor  scope with  the LONG EMIT CALC program (cu rren t ly P207) 

to ca lcu la te the longitudina l emit tance of the unstacked bunches.  

 The Debuncher  gap monitor  is loca ted in  the Debuncher  10 st ra igh t  

sect ion  just  upstream of D1Q2. It  is u sed by th ree diagnost ic tools: the 

Debucher  tu rn  by tu rn  scope, Flux Capacitor , and Lava  Lamp. The 

Debuncher  tu rn  by tu rn  scope (deb-tbt -scope) is loca ted in  the AP10 con trol 

room and shows the rela t ive in tensit ies of each  of the first  few t u rns of beam.   

The Flux Capacitor  uses the AP10-flux-scope in  the AP10 con trol room to 

display the amplitude and phase of the first  tu rn  of Debuncher  beam when  

stacking. The D:INJ FLUX parameter  is ca lcu la ted in  an  OAC (Open  Access 

Clien t) from th is da ta . Th is is the same scope tha t  is u sed for  the J ello 

Display when  we a re unstacking. The Lava  Lamp is sta r ted from the 

Debuncher  In ject ion  TBT applica t ion  (cu rren t ly P152). It  u ses both  the 

Debuncher  gap monitor  and Debuncher  damper  pickups to make a  tu rn  by 

tu rn  and bu llseye plot  tha t  can  be used to reduce Debuncher  In ject ion  tu rn  

by tu rn  oscilla t ions.  

 

D. Schottky  De v ice s  

The four th  sect ion  of th is chapter  will cover  Schot tky devices.  Th is 

includes the Accumula tor  and Debuncher  Schot tky detectors and the 
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Accumula tor  wide band pickups. Common uses of the Schot tky Detectors a re 

covered in  the Signa l Ana lyzer  sect ion . 

 

1. Schottky  De te ctors  

 A charged par t icle passing th rough  a  resonan t  st r ipline detector  or  a  

resonan t  cavity crea tes a  small signa l pu lse known as a  Dirac pu lse. A 

par t icle beam is made up of many charged par t icles and crea tes a  signa l 

ca lled Schot tky noise. Schot tky noise is a  collect ion  of signa l pu lses in  the 

t ime domain , wh ich  corresponds to a  spectrum of lines in  the frequency 

domain . The lines occur  a t  ha rmonics of the revolu t ion  frequency since the 

pa r t icles circle the accelera tor  and pass repea tedly th rough  the pickup. The 

combined response from a ll the pa r t icles in  the r ing is smeared over  a  fin ite 

frequency range (Schot tky bandwidth ) a t  each  harmonic. Th is frequency 

range is rela ted to the momentum spread of the beam by 

 

 
df

f
  = 

dp

p
  

 

where eta , the slip factor) is fixed by the mach ine .  

 The revolu t ion  per iod of beam in  the Debuncher  is 1.6950 µs, therefore 

the revolu t ion  frequency is 590,018 Hz. In  the Accumula tor , the revolu t ion  

per iod of the beam var ies between  1.5904 µs a t  th e in ject ion  orbit  to 1.5901 

µs a t  the core. Th is corresponds to revolu t ion  frequencies of 628 ,767 Hz and 

628,898 Hz respect ively. In  pract ice, beams in ject ing in to and extract ing ou t  

of the Accumula tor  a re a t  sligh t ly differen t  frequencies. The Debuncher  

revolu t ion  frequency is lower  than  tha t  of the Accumula tor  because the 

Accumula tor  has a  smaller  circumference. Table 7.3 shows approximate 

va lues of the slip factor , revolu t ion  frequency and momentum in  the 

Debuncher  and on  the in ject ion , cen tra l and core Accumula tor  orbits. 
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Table 7.3  Approximate slip factor , r evolut ion frequency and 

momenta  for  var ious orbit s  

 

 Signa ls from the Schot tky detectors can  be displayed on  signa l ana lyzers. 

A coaxia l relay mult iplexer  or  “mux” box a t  AP10 has eigh t  inpu ts and eigh t  

ou tpu ts (not  a ll a re used) and is u sed to remotely connect  a  signa l of in terest  

to one of the ana lyzers. There a re fou r  Schot tky detector s, wh ich  can  connect  

to one of the fou r  spectrum ana lyzers (ana lyzer  #2 is normally connected to 

the Accumula tor  longitudina l Schot tky) via  the mux box.   

 Schot tky pickups (or  detectors) a re devices tha t  a re used to detect  

Schot tky noise. There a re fou r  Schot tky pickups used in  the Antiproton  

Source. The Debuncher  has a  longitudina l pickup and the Accumula tor  has 

ver t ica l, hor izon ta l, and longitudina l pickups . Or igina lly there were a lso 

hor izon ta l and ver t ica l Schot tky detectors  loca ted in  the Debuncher , bu t  they 

were removed to improve aper tu re. All of the Schot tky pickups a re loca ted in  

the 10 st ra igh t  sect ion . The Accumula tor  ver t ica l and hor izon ta l t ransverse 

pickups a re approximately 24 inches long and 2 inches in  diameter . These 

pickups detect  t ransverse beam oscilla t ions. The ver t ica l pickup has the 

  F
r ev

 

(Hz) 

Momentum 

(MeV/c) 

 

Debuncher  

 

0.006 590,018 8886 

Accumula tor  

(In ject ion  Orbit ) 
0.0159 628,767 8886 

Accumla tor  

(Cen tra l Orbit ) 
0.0152 628,840 8804 

Accumula tor  

(Core) 
0.0138 628,898 8748 
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Figure 7.13  Ver t ica l Schot tky detector  

st r iplines above and below the beam with  ou tpu ts on  the top and bot tom, the 

hor izon ta l pickup is rota ted 90°. The t ransverse pickups a re a  sta in less steel 

tube with  a  slot  cu t  a long much  of th e long dimension  (see Figure 7.13). The 

pickup is held by ceramic r ings, wh ich  a lso electr ica lly in su la te it  from the 

ou ter  housing. 

 Signa ls from each  pla te a re fed th rough  to a  3/8-inch  heliax cable, wh ich  

is run  to the AP-10 service bu ilding. Signa ls a r e not  run  direct ly to the MCR 

because of the signa l loss tha t  wou ld resu lt  from the long cable run . The 

detectors resona te a t  a  frequency determined by the length  of the st r ip in side 

the cylinder  plus the coaxia l cable between  the ou tpu t  connector  and a  

capacitor . Connectors in  the middle a re used to in ject  a  signa l for  tun ing the 

device to the desired frequency. Hor izon ta l and ver t ica l pickups a re moun ted 

on  motor ized stands so tha t  the device can  be cen tered with  respect  to the 

beam. 

 The longitudina l pickups a re la rger , 37 inches in  length  and 3.4 inches in  

diameter . These pickups a re tuned quar ter -wave cavit ies tha t  a re made by 
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separa t ing a  sta in less steel tube in to two sect ions with  a  ceramic across the 

gap. Charged par t icles crossing the gap produce Schot tky signa ls. The 

longitudina l detectors a re tuned with  plungers or  sliding sleeves on  the 

cen ter  elemen t . Aga in , the unused fit t ings seen  on  the cavit ies a re used to 

in ject  signa l for  tun ing purposes. 

 The Schot tky detectors used in  the Antiproton  Source a re designed to be 

most  sensit ive to the 126th  ha rmonic of the beam's revolu t ion  frequency. 

Signa ls from other  ha rmonics near  the 126th  can  a lso be detected, bu t  a re 

weaker . 

 There a re severa l reasons for  choosing the 126th  ha rmonic for  the design  

of the Schot tky detectors. The spectra l power  con tr ibu t ion  from the 53.1 MHz 

bunch  st ructu re (from ARF -1 in  the Accumula tor) is min imized by using a  

frequency loca ted between  53.1 MHz (h=84) and its second harmonic a t  106.2 

MHz (h=168). The detector  must  a lso have an  adequa tely la rge aper tu re. 

Limited space ava ilable in  the r ings limits the pickup length  to on ly 1 or  2m. 

Schot tky detectors designed for  the 126th  ha rmonic fit  both  of these size 

constra in ts. For  example, reca ll tha t  the longitudina l Schot tky pickup s a re 

1/4 wavelength  long. The physica l length  of the cavity as bu ilt  is .94 meters 

(
1

4*126  of the Accumula tor  circumference) wh ich  wou ld resu lt  in  a  resonan t  

frequency of: 

 

 f = 
velocity

length
  ~ 

3E8 m/s

4 * .94 m
  ~ 79.75 MHz. 

 

 Tha t  works well for  the Accumula tor  (126 * .628898 MHz = 79.24 MHz), 

bu t  the Debuncher  h=126 fa lls a t  74.34 MHz (126 * .590018 MHz) so a  

tun ing screw is added to its longitudina l pickup to capacit ively lower  the 

resonan t  frequency of the detector . 



 T he An tiproton  S ource R ookie Book  

Diagnostics 7-41 Version  2.0 

 Schot tky pickups have many diagnost ic uses. They a re used to measure 

the beta t ron  tune, synchrotron  frequency, t ransverse emit tance and 

momentum spread. Because the spectra l power  of the signa l is propor t iona l 

to the number  of pa r t icles in  a  DC beam, the schot tkys can  a lso be used to 

measure small beam curren ts. The Schot tky pickups can  be ca libra ted 

aga inst  the DCCTs a t  beam curren ts up to a round 100 mA. 

 

2. Wide  Band P ickups  

 As the name implies, a  wide band pickup is able to detect  a  rela t ively 

broadband range of frequencies as compared to other  detectors. Actua lly the 

resist ive wa ll mon itors and gap monitors a re a lso broadband , bu t  have poor  

response tha t  makes it  difficu lt  to observe Schot tky signa ls. The wideband 

pickups, both  hor izon ta l and ver t ica l, a re actua lly made up of th ree small 1/4 

wave st r ipline Schot tky detectors. A 10 inch  pickup is sensit ive to signa ls in  

the 0.2-0.4 GHz range, a  4 inch  pickup sensit ive to signa ls in  the 0.5-1 GHz 

range and a  2 inch  pickup sensit ive to signa ls in  the 1 -2 GHz range. Each  

pickup is a t tached to hybr ids tha t  provide both  sum and difference signa ls 

for  viewing a t  AP10. All twelve signa ls (sum and difference signa ls for  th ree 

hor izon ta l and th ree ver t ica l pickups) a re connected to amplifiers tha t  must  

be powered to provide a  st rong enough  signa l for  the signa l ana lyzers. An  

ana lyzer  must  be connected to the appropr ia te cable spigot  a t  AP10 to select  

a  pa r t icu la r  frequency range. The switch  t ree can  on ly be used to connect  

hor izon ta l or  ver t ica l set s of pickups to the appropr ia te ana lyzer . 

 The wideband pickups a re loca ted in  the Accumula tor  10 st ra igh t  sect ion . 

The 10-inch  pickups a re used as inpu ts to the 300MHz Accumula tor  

emit tance monitors. Th is system genera tes the signa l for  the standard 

Accumula tor  hor izon ta l and ver t ica l emit tance pa rameters A:EMT3HN and 

A:EMT3VN.    
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E. Signa l Analyze rs  

The fifth  sect ion  of th is chapter  will cover  Signa l Ana lyzers used to 

measure signa ls from Schot tky detectors and cooling systems. Th is includes 

Spectrum Analyzers, Network An a lyzers and Vector  Signa l Ana lyzers.   

 

1. Spe ctrum  Analyze r 

 Spectrum ana lyzers a re used in  the Antiproton  Source to study the 

frequency domain  of the beam. A spectrum ana lyzer  is a  swept -tune 

superheterodyne receiver  tha t  provides a  Ca thode Ray Tube (CRT) d isplay of 

amplitude versus frequency. In  the swept  tune mode , the ana lyzer  can  show 

the individua l frequency componen ts of a  complex signa l. The spectrum 

ana lyzer  can  a lso be used in  a  fixed tune or  "zero span" mode to provide t ime 

domain  measuremen ts of a  specific frequency much  like tha t  of an  

oscilloscope. Note tha t  a  spectrum ana lyzer  does not  provide any phase 

in format ion . 

 A superheterodyne receiver  is a  common type of radio receiver  tha t  mixes 

an  incoming signa l with  a  loca lly genera ted signa l. The ou tpu t  consists of a  

ca r r ier  frequency tha t  is equa l to the sum or  difference between  the inpu t  

signa ls (bu t  no in format ion  is lost ). The ca rr ier  signa l is known as the 

In termedia te Frequency (IF) signa l.  

 In  a  spectrum ana lyzer , the incoming signa l is mixed with  a  

programmable Var iable Frequency Oscilla tor  (VFO), producing ca rr ier  

frequencies con ta in ing the two or igina l signa ls and signa ls a t  the sum and 

difference of their  frequencies. All bu t  the sum or  the difference signa ls a re 

filtered ou t . The filter  ou tpu t  is the IF signa l wh ich  can  be processed for  

display. The spectrum ana lyzer  uses the VFO to define the frequencies to be 

ana lyzed (cen ter  frequency and span) and the sample ra te (sweep t ime, 

resolu t ion  bandwidth ). 
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Figure 7.14  Network Analyzer  block diagram  

1. Ne tw ork Analyze r 

 Network ana lyzers a re used to study t ransfer  or  impedance 

character ist ics of systems. A reference signa l is in jected in to a  system under  

test  and the ou tpu t  of the system is displayed on  a  CRT (see figu re 7.14). 

Although  less expensive ana lyzers on ly provide frequency an d amplitude 

in format ion , the network ana lyzer  used in  the Antiproton  Source a lso 

provides phase in format ion . Examples of systems tha t  can  be ana lyzed a re 

coaxia l cables, stochast ic cooling systems, RF amplifiers and other  electron ic 

devices. 

 Opera t iona lly, network ana lyzers a re most  frequen t ly used for  making 

Beam Transfer  Funct ion  (BTF) measuremen ts of por t ions of the stochast ic 

cooling systems. Measuremen ts a re sa id to be either  "open  loop" or  "closed 

loop". In  an  open  loop measuremen t , the network ana lyzer  is switched in to 

the stochast ic cooling system so tha t  the cooling system is not  actua lly 

opera t ing (the feedback loop is open). The network ana lyzer  is u sed to 

measure how tha t  pa r t  of the cooling system (possibly plus the beam) 

modifies the reference signa l. In  a  closed loop measuremen t , the reference 
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signa l from the network ana lyzer  is in jected in to the opera t ing cooling 

system (with  the feedback loop closed) and a  diagnost ic beam pickup is u sed 

to measure the signa l’s effect  on  the beam. The Pbar  n etwork ana lyzer  is 

in ter faced th rough  the Network Ana lyzer  applica t ion  (cu rren t ly P31), wh ich  

a lso man ipu la tes switches for  stochast ic cooling measuremen ts . 

 

2. Ve ctor Signa l Analyze r 

 The Vector  Signa l Ana lyzer  (VSA) combines the power  of digita l signa l 

processing with  the enormous frequency range and dynamic range found in  a  

swept  tune inst rumen t . The VSA a t ta ins th is with  a  la rge pa ra llel digita l 

filter  a r ray a t  it s inpu t  and  on -board signa l processing. The VSA was 

developed to meet  the demand for  an  inst ru men t  capable of measur ing 

rapidly t ime-varying signa ls and to address problems dea ling with  complex 

modu la ted signa ls tha t  can 't  be defined in  terms of simple AM, FM, RF, etc.  

 Spectrum ana lyzers work very well for  signa ls tha t  don 't  va ry over  t ime, 

bu t  a re difficu lt  to use in  situa t ions where the opposite is t rue. The 

Accumula tor  momentum profile typica lly displayed on  CATV Pbar  channel 

28 provides a n  approximate "snapshot" of wha t  the beam looks like shor t ly 

a fter  ARF-1 has moved beam to the edge of the s tackta il. It  is not  a  t rue 

snapshot , however , due to the fact  tha t  there is a  fin ite sweep t ime requ ired 

to measure the signa l. The signa l being displayed on  the low frequency side 

of the ana lyzer  is sampled a t  a  t ime ea r lier  than  those on  the h igh  frequen cy 

side. The stacking monitor  display on  the VSA shows two t rue snapshots in  

t ime, before and a fter  ARF -1 has moved beam from the in ject ion  orbit  to the 

stackta il. A VSA can  a lso be used to crea te a  “waterfa ll” display made up of 

mult iple t races to show va r ia t ions over  t ime.  

 There a re cu rren t ly two VSA’s used in  Pbar .  The first  VSA is the D to A 

VSA which  is u sed in  the Accumula tor /Debuncher  energy a lignmen t  

procedure. Th is VSA displays two t races as shown in  Figure 7.15. The top 



 T he An tiproton  S ource R ookie Book  

Diagnostics 7-45 Version  2.0 

Figure 7.15  D to A VSA display  

t race shows the Debuncher  cen tra l frequency and the bot tom trace shows the 

Accumula tor  in ject ion  orbit  frequency. The cen ter  frequencies on  the displays 

a re set  so tha t  a lign ing the t races will ma tch  the energies of the two 

mach ines. The D/A VSA is displayed on  Pbar  CATV channel 17. The con trols 

in ter face, wh ich  a llows both  setup and plot t ing of the VSA display, is loca ted 

on  the VSA D/A FFT applica t ion  (cu rren t ly P148).    

 

 The other  Pbar  VSA runs the Stacking Monitor  when  Pbar  is in  stacking 

or  t ransfer  mode, bu t  switches to a  display of the Accumula tor  core when  in  

standby. A:VSARST is the con trol pa rameter  tha t  sets wh ich  mode the VSA 

is runn ing in . When  VSARST is set  to 12, the VSA displays the Stacking 

Monitor  wh ich  t races the en t ire longitudina l profile of the Accumula tor  and 

ca lcu la tes a  number  of stacking parameters as descr ibed below. When  

VSARST is set  to 0, the normal runn ing display is shown which  does not  

make the stacking ca lcu la t ions.    
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Figure 7.16  Stacking Monitor  display  

 The Stackin g Monitor  is shown in  Figure 7.16. The VSA display can  be 

viewed on  either  Pbar  CATV Channel 16, or  u sing the  VSA secondary 

applica t ion  which  is launched from the VSA ACC LONG PROF applica t ion  

(cu rren t ly P142). In  th is mode, the VSA display upda tes every stacking cycle. 

The green  t race is the Stackta il profile ju st  pr ior  to ARF1 tu rn ing on , the 

cyan  t race is the Stackta il profile ju st  a fter  ARF1 has fin ished its ramp, and 

the red t race is the ra t io of the green  t race to the cyan  t race in  dB.    

 

 

 The stacking VSA ou tpu ts a  number  of pa rameters wh ich  can  be found on  

the DIAGNOSTICS PARAMS page (cu rren t ly P38 MCGINNI <15>). Ou tpu ts 

include in ject ion  orbit  ca lcu la t ion s, Stackta il ca lcu la t ions, and core 

ca lcu la t ions. A:IBMINJ  is the amoun t  of beam on  the Accumula tor  in ject ion  

orbit  and is ca lcu la ted by in tegra t ing the green  t race over  a  40Hz window 

cen tered on  tha t  orbit . A:LFTOVR is a  measure of the beam left  on  the 
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Accumula tor  in ject ion  orbit  a fter  ARF1 has played. It  is ca lcu la ted by taking 

the ra t io of the in tegra l of the cyan  t race to the green  t race over  the same 

frequency range. ARF1 is normally adjusted  to keep th is va lue a round 2.0% 

to 4.0%. The VSA a lso uses the green  t race to ca lcu la te  A:R1FINJ , wh ich  is 

the frequency of the in jected beam. The difference in  Hz between  th is va lue 

and the ARF1 in ject ion  orbit  frequency is ou tpu t  to A:R1FIJ D. The ARF1 

in ject ion  frequency is normally adjusted to make it  a s close to zero as 

possible. The Stacking Monitor  a lso ca lcu la tes “backstreaming”. Th is term is 

u sed to descr ibe beam tha t  has moved away from the stackta il towards th e 

in ject ion  orbit  and will be lost  on  the next  stacking cycle . A:DRIBL1 is 

ca lcu la ted using the ra t io of the cyan  and green  t races a round the deposit ion  

orbit , where ARF-1 has left  the beam. A:DRIBL2 is the root  mean  square of 

the red t race a t  the deposit ion  orbit . For  both  of these pa rameters, a  smaller  

number  corresponds to less backstreaming.  Last ly, the core ca lcu la t ions a re 

done a round 20dB of the maximum density. A:CENFRQ is the mean  

frequency of the core. 

 

F. Be am  Stabi li ty  De v ice s  

The sixth  sect ion  of th is chapter  will cover  diagn ost ics used to improve 

beam stability. Th is includes the Accumula tor  dampers and Ion  Clea r ing 

Electron ics. 

  

1. Dam pe rs  

 Transverse dampers a re in  the Accumula tor  for  the pu rpose of damping 

ou t  t ransverse coheren t  in stabilit ies (dr iven  oscilla t ions) a t  rela t ively low 

frequencies. The dampers can  a lso be used as diagnost ic tools. The dampers 

opera te in  the frequency range of 240 kHz to 150 MHz and act  on  much  

la rger  beam samples than  the stochast ic cooling does. The lower  limit  to the 

frequency response was selected to include the lowest  beta t ron  sideband, 
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which  is loca ted a t  240 kHz. The upper  frequency limit  of the dampers is 

dicta ted by the length  of the pickup and the response of the amplifiers.  

 Transverse in format ion  abou t  the beam is con ta ined in  the beta t ron  

sidebands. Since the pickups a re loca ted in  a  low dispersion  region , there 

shou ld be near ly no difference between  beam posit ion  a t  the core vs. the 

in ject ion  orbit . It  is impor tan t  for  the beam to be cen tered in  the picku ps to 

proper ly damp ou t  oscilla t ions. The pickups a re moun ted on  motor ized stands  

for  cen ter ing them with  respect  to the beam. Signa ls a t  ha rmonics of the 

revolu t ion  frequency con ta in  no usefu l in format ion  for  t ransverse damping. 

Notch  filters a re used to reject  revolu t ion  harmonic signa ls tha t  cou ld swamp 

the electron ics du r ing pbar  extract ion . 

 The dampers consist  of pickups and kickers (both  hor izon ta l and ver t ica l ), 

tha t  a re loca ted near ly adjacen t  to each  other . Although  the pickups and 

kickers a re physica lly close together , it  is actua lly the next  beam tu rn  tha t  is 

corrected. Since the tune is not  fa r  from ¾, the beam a t  the kicker  has 

oscilla ted near ly the idea l odd mult iple of 90° away from the pickup. The 

damper  kickers apply a  correct ing force on  t he beam by deflect ing or  

“kicking” the beam. 

 The pickups a re 0.5m long 1/4 wave radia l st r iplines loca ted in  the A10 

low dispersion  st ra igh t  sect ion  to reduce any possible longitudina l coupling. 

The pickups sense coheren t  beta t ron  oscilla t ions and the signa l passes 

th rough  an  amplifica t ion  system and an  appropr ia te delay line to match  the 

pickup signa l to the t ransit  t ime of the beam. The amplifiers a re able to 

deliver  up to 300W of power  (a lthough  they normally run  with  less than  1W 

of power ) to the 50  termina ted 1/4 wave kicker  loops a lso loca ted in  the A10 

st ra igh t  sect ion . 

 As a  diagnost ic, the dampers a re used to amplify t ransverse oscilla t ions, 

or  hea t  the beam, by dr iving the kickers with  a  wh ite noise genera tor . Th is is 

u sefu l for  performing aper tu re measuremen ts; beam fills the aper tu re and a  
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scraper  defines the edges of the beam. A reversing switch  can  be used to 

connect  the damper  pickups to a  differen t  set  of kickers for  reverse protons.  

 There a re a lso dampers in  the Debuncher , a lthough  they a r e on ly used for  

studies and were never  in tended to be used opera t iona lly. The t ime tha t  

beam resides in  the Debuncher  is shor t  du r ing stacking and the in tensity is 

low, both  tend to discourage the growth  of t ransverse in stabilit ies. The lowest  

beta t ron  sideband in  the Debuncher  is loca ted a t  110 kHz, wh ich  requ ires a  

differen t  amplifier  than  those used in  the Accumula tor . The Debuncher  

damper  system has a  usefu l frequency band of 10 kHz to 12 MHz and a  peak 

power  ou tpu t  of abou t  100W. The Debuncher  dampers do not  use a  notch  

filter  a s the Accumula tor  does. 

 

2. Cle aring  Ele c trode s /Trappe d Ions  

 There a re abou t  140 clea r ing electrodes loca ted a t  va r ious poin ts in  the 

Accumula tor . The clea r ing electrodes a re used to reduce the number  of 

posit ive ions tha t  a re t rapped in  the beam. Before going in to deta il abou t  the 

electrodes themselves, a  shor t  discussion  abou t  the t rapped ions and their  

in teract ion  with  the an t iproton  beam will follow. Most  of the effects of 

t rapped ion s grow with  stack size, so a ren ’t  a  concern  with  stacks below 

approximately 40E10. 

 Residua l gas in  the Accumula tor  vacuum chamber  tha t  passes th rough  

the an t iproton  beam can  have electrons st r ipped away, leaving a  posit ively 

charged ion . The posit ive ions a re being con t inuously produced as long as t he 

an t iproton  beam is presen t . The product ion  ra te depends on  the quan t ity and 

type of residua l gas in  the vacuum chamber  as well a s the beam in tensity. A 

typica l ra te wou ld be on  the order  of 10 E10 to 20 E10 per  second for  a  40 

E10 stack. In  the absence of any ou tside in fluence, the number  of posit ive 

ions will increase un t il the an t iproton  beam is tota lly neu tra lized.  
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 The product ion  process resu lts in  the ions having a  small velocity and 

near ly a ll of the ions tha t  a re produced become t rapped in  space charge 

poten t ia l wells. The depth  of the wells depends on  the size of the beam pipe 

and the size of the beam envelope a t  a  pa r t icu la r  loca t ion . The ions will move 

longitudina lly towards the deepest  poten t ia l well tha t  they can  reach . The 

ions oscilla te t ran sversely in  the an t iproton  beam, their  frequency dicta ted, 

in  pa r t , by the mass and charge of the pa r t icu la r  ion  and the depth  of the 

beam space charge poten t ia l well. Abou t  ha lf of the ions produced a re 

mona tomic and molecu la r  hydrogen  tha t  have lost  an  e lectron  (the hydrogen  

ou tgasses from the beampipe). The oscilla t ion  frequency of the hydrogen  ions 

happens to be close to the low order  beta t ron  resonan t  frequency of the beam 

and will therefore cause the beam to oscilla te. It  is in terest ing to note tha t  a  

proton  (or  posit ron ) beam a lso crea tes posit ive ions, bu t  they a re not  

a t t racted to the beam and do not  become t rapped as they do with  an  

an t iproton  (or  electron ) beam. 

 The net  effect  of having the t rapped ions in  the Accumula tor  is tha t  the 

beam is very sensit ive to in stabilit ies tha t  a re dr iven  by these ions. There is a  

th reshold a t  wh ich  the combina t ion  of t ransverse and longitudina l beam size 

will resu lt  in  rapid t ransverse emit tance growth  of the beam. The rapid 

emit tance growth  and recovery can  be cyclic, with  a  per iod of 30 minu tes or  

so. Trapped ions have another  detr imen ta l effect , wh ich  is a  tune sh ift  for  the 

an t iproton  beam. Th is is easier  to compensa te for  as the sh ift  will normally 

be rela t ively small and near ly constan t . 

 The most  successfu l st ra tegy for  mit iga t ing problems rela t ing to t rapped 

ions has been  to elimina te as many of the ions as possible. It  is necessa ry to 

constan t ly remove the t rapped ions as they a re con t inuously produced and 

over  seconds will retu rn  to fill the poten t ia l wells. The grea test  reduct ion  in  

t rapped ions has come from the use of clea r ing electrodes. Most  clea r ing 

electrodes a re Beam Posit ion  Monitor  pick -ups tha t  have a  –1,000 Volt  DC 
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poten t ia l applied to them . Dedica ted clea r ing electrodes a re a lso found a t  

other  loca t ions, such  as stochast ic cooling tanks, wh ich  do not  have BPM's in  

close enough  proximity. 

 There a re st ill spots in  the Accumula tor , such  as in  the middle of the 

bending magnets, where a  clea r ing electrode cannot  be loca ted. Another  

method for  dislodging the t rapped ions is bunch ing the beam with  RF. On ly 

10-20 volts of RF a t  small stack sizes and as much  as 100 volts or  more a t  

la rge stack sizes is enough  to sign ifican t ly reduce the popu la t ion  of t rapped 

ions in  the Accumula tor . By bunch ing the beam, some of the t rapped ions can  

be flu shed from the poten t ia l wells they reside in . The ions tha t  a re dislodged 

appear  to be forced in to the vacuum chamber  wa lls in stead of being pushed 

towards the clea r ing electrodes for  remova l. If the stabilizing RF is r emoved, 

it  may take severa l minu tes for  the t rapped hydrogen  ions to retu rn  to the 

equ ilibr ium level main ta ined in  the absence of the RF. ARF -2 has 

t radit iona lly been  used to provide the "stabilizing RF" for  the Accumula tor .    

A sequencer -based tool ca lled the “Flusher” au tomatica lly increases the ARF -

2 voltage and ramps the ARF -2 frequency and is u sed for  stack sizes over  

80E10. 

 

G. Be am  Shaping  De v ice s  

 The last  sect ion  of th is chapter  will cover  scrapers and collimators tha t  

can  be used to shape the beam. 

 

1. Scrape rs  

 Scrapers a re devices tha t  can  be used to block off pa r t  of the accelera tor  

aper tu re. A physica l ana logy wou ld be a  ga te va lve in  a  wa ter  line. The 

scraper  cou ld be used to t r im the ha lo off of the beam, to measure the 

acceptance of the mach ine, or  to define the emit tance of the beam. Scrapers 

a re on ly found in  accelera tor  r ings, whereas the beamline equ iva len t  devices 
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are ca lled collimators. There a re presen t ly ten  scrapers  (two individua l 

scrapers and scraper  pa irs a t  fou r  loca t ions) in  the pbar  r ings: 

 

 D:RJ 306: Debuncher  hor izon ta l (Righ t  J aw) scraper . It  

en ters the beam from the inside of the r ing. It  is adjacen t  to 

D3Q7.  

 D:TJ 308: Debuncher  ver t ica l (Top J aw) scraper . It  en ters the 

beam from the top of the r ing. It  is  adjacen t  to D3Q8. 

 D:RJ 410/D:LJ 410: Debuncher  momentum scrapers. These 

a re hor izon ta l scrapers tha t  a re placed in  a  h igh  dispersion  

region  to a llow one to measure the momentum spread of the 

beam. They a re loca ted between  D4Q10 and D4Q11. 

 A:RJ 500/A:LJ 500: Accumula tor  hor izon ta l scrapers. They 

en ter  the beam from the inside and ou tside of the r ing. They a re 

loca ted near  A5Q1. 

 A:TJ 307/A:BJ 307: Accumula tor  ver t ica l scrapers. They en ter  

the beam from the top and bot tom of the r ing. They a re  adjacen t  

to A3Q7. 

 A:RJ 314/A:LJ 314: Accumula tor  momentum scrapers. They 

a re hor izon ta l scrapers in  a  h igh  dispersion  region . They a re 

loca ted in  the cen ter  of the A40 st ra igh t  sect ion . 

 

 Scrapers a re moved with  stepping motors and the scraper  posit ion  is 

determined with  a  Linear  Var iable Differen t ia l Transformer  (LVDT). 

Stepping motors a llow small and fa ir ly precise posit ion  changes. An  LVDT 

pu ts ou t  a  voltage propor t iona l to the posit ion  of a  slug with in  a  fer r ite 

cylinder  with  a  ser ies of windings. The con trolling electron ics for  the stepping 

motors a re loca ted in  the AP -30 and AP-50 service bu ildings, two CAMAC 

057 ca rds a re used to con trol them. Each  scraper  has a  motor  con troller  ca rd 
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(ju st  like Switchyard septa  have). A brown  lambda  supply provides +24 volts 

for  the motor  and +/-15 volts for  the LVDT on  each  scraper . 

 Normally, scrapers a re in  the ou t  posit ion  on  a  limit  switch , with  the 

digita l sta tus showing a  “T” indica t ion . An  a la rm is posted when  the scraper  

is off the limit  switch  and moved closer  to the beam . Scraper  motor  con trol 

pa rameters can  be found on  the POWER SUPPLY PARAM page (cu rren t ly 

P60 ACC30 <3>, P60 ACC50 <3> and P60 DEB30 <9>). 

  Inciden ta lly, there a re a  number  of other  moveable devices sca t tered 

a round both  Pbar  r ings tha t  opera te on  the same pr inciple. These devices a re 

normally moved to either  electr ica lly cen ter  them (as in  stochast ic cooling 

tanks), to improve the aper tu re (diagnost ic devices) or  to provide an  orbit  

bump (dipoles tha t  can  be rolled and quadrupole magnets tha t  can  be moved 

t ransversely). 

 

2. Collim ators  

 Much  like their  scraper  coun terpar ts in  the r ings, collimators a re used in  

beam lines to skim the ha lo off the beam, define the emit tance of the beam, 

and measure the acceptance. All of the collimators a re loca ted in  the AP2 line 

and use the same type of electron ics as the scrapers. The CAMAC 057 con trol 

ca rd and the motor  con trollers a re loca ted in  the AP0 service bu ilding.  

 There a re two sets of hor izon ta l, two sets of ver t ica l and one set  of 

momentum collimators in  the AP2 line. All a re of simila r  construct ion . The 

momentum collimator  is loca ted in  the cen ter  of the left  bend sect ion  of the 

beamline where the hor izon ta l dispersion  is h igh . The magnets and 

collimator  act  like a  momentum spectrometer . The ACNET collimator  names 

a re: 

 

 D:RJ 707/D:LJ 707: Righ t  and Left  J aw (pbar  direct ion ) of a  

hor izon ta l collimator  placed immedia tely downstream of IQ7. 
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 D:TJ 708/D:BJ 708: Top and Bot tom J aw of a  ver t ica l collimator  

placed immedia tely downstream of IQ8 

 D:RJ 709/D:LJ 709: Another  hor izon ta l collima tor  loca ted 

immedia tely downstream of IQ9. 

 D:TJ 710/D:BJ 710: Another  ver t ica l collimator  loca ted immedia tely 

downstream of IQ10. 

 D:RJ 719/D:LJ 719: The jaws for  the momentum collimator  loca ted  

in  the middle of the dipoles tha t  make the left  bend, immedia tely 

downstream of IQ19. 

The nomina l posit ion  for  a  collimator  is in  the “ou t” posit ion , with  the digita l 

sta tus showing an  “O” indica t ion  when  the scraper  is rest ing aga inst  the 

limit  switch . An  a la rm is posted when  the collimator  is not  on  the limit  

switch . Collimator  motor  con trol pa rameters can  be found on  the POWER 

SUPPLY PARM page (cu rren t ly P60 INJ  <5>). 
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