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F17 Proton Extraction and Pbar Injection Beam Dynamics

Introduction

This will be a general description of the present design
of the system which extracts 120-150 Gev protons from the
Main Ring for pbar production, and which also serves as ¢€he
ingjection system +for cool 8 GeV pbars extracted from the
Accumulator core. The emphasis of the discussion will be on
the beam dynamics in the Main Ring and the extraction
channel. A list of the required devices and their expected
operating points will also be given.

Proton Extraction

1. General Description

The dynamics of the process of proton extraction feor
pbar production is relatively straightforward. The proton
energy at extraction will be in the range of 120 to 130 Gev
(although for all the calculations discussed below:, 149 GeV
has been assumed). The extraction of one booster bunch is
carried out during a single turn: synchro@G such that it
occurs roughly one—-quarter of a synchrotron oscillation
after the start of bunch rotation in the Main Ring. A new
kicker at E17 (see pbar note 365 for kicker details) is
energized to produce coherent betatron escillations, which

result in a beam displacement of roughly -42 mm at F17.
This is sufficient to cross the magnetic septum of a
Lambertson placed at this location. Prior to extraction,

the closed orbit between D38 and F14 is modified by
energizing small dipoles at +these locations (an existing
magnet at D38 and a new one a Fl4). The resulting orbit
bumps are roughly out of phase with the kicker coherent
oscillation, and serve ¢to minimize excursions #from the
nominal Main Ring center until F17. Additional steering of
the circulating beam horizontal position (of up to 13 mm) at
F17 is provided by the F14 dipole and another new one at
Fi19. The F14-F19 bump could be used to keep the accelerated
beam away from the septum during acceleration, if necessary,
and turned off as the D38-F14 pair is energized to prepare
for extraction.

The extraction channel is formed by two 162"
tL.ambertsons, follwed by two 118. 4" C—magnets. The
extraction magnets kick the beam vertically up sufficiently
far that the extracted beam line passes above the next Main
Ring dipole. The total vertical distance above Main Ring
center at the end of the extraction channel is 9. .7". To
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make room for the system, the Main Ring B2’s at slots Fi17-4
and F17-5 are replaced with a modified B2, which has twice
the number of turns, and which is TUN in series with the
rest of the Main Ring. Additional components of the system
are a horizontal trim magnet located 140" downstream from
the second C-magnet; and a trim magnet located atter the new
B2. The first +trim is intended to compensate for the
differences in angle of the extracted beam at F17 as the E17
kicker is tuned; additionally, it is used to compensate for
the difference in horizontal angle at F17 between the
extracted and injected beams. The second trim compensates
for small field differences bewteen the modified B2 and the
original standard B2‘s. The layout of the system is shown
in fig. 1.

2. Betatron Emittance and Momentum Spread

The following calculatieons have been done for a momentum
of 150 GeV/c, using a normalized emittance of 25 pi mm—mrad,
and a momentum spread of + 0.2%4. These numbers correspond
to 9594 of the beam. The betatron beam width and the
dispersion contribution have been added in quadrature; if
the distributions are Gaussian, the beam envelopes shown
correspond to * 2.45 sigma. The lattice wused for the
calculations is the standard Main Ring lattice with no
overpass modifications (horizontal tune=1%9. 4.
Considevations of the effect of the proposed overpass{es) on
.the vertical dynamics are discussed below.

Because of the large momentum spread of the extracted
proton beam, the horizontal beam size tends to be dominated
by the dispersion contribution (especially at F17).

3. Main Ring Orbits, Apertures and Beam Sizes

a)l. hoerizontal

Fig. 2 shows the closed orbit with the D38, Fi4 pairvr;
fig. 3 shows the D38,F14 bumps plus the extraction orbit
produced by adding the E17 kicker,. Fig. 4 shows the
steering bump produced by the F14-F19 pair. Fig. S shows
the horizontal beam envelope for the closed orbit with the
D38, F14 pair; fig. 6 shows the extraction orbit (kicker
plus D38B,F14). The maximum aperture needed for the closed
orbit with the D38,F14 pair is 30 mm (maximum excursion of
the envelope is ~30 mm at D42). Except near F17, the
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maximum aperture needed for the extracted beam is 34 mm
(maximum excursion 34 mm at E26). Also shown in figs 5 and
6 are the EO Lambertson septa, which are at an outward
excursion of the beam. The aperture restrictions of the new
kicker at E17 (and that at E48 for pbar ingjection) are at 44
mm.

Fig. 7 shows the region near F17 in detail, indicating
both the circulating and kicked beam envelopes. Note that
the extracted beam explores nearly the full inner 1limit of
the physical aperture of the dipoles and quad uvpstream of
F17. The residual angle of 0.8 mrad of the extracted beam
at the entrance to the first Lambertson is taken out by
Tolling the magnet by 5.2 degrees (see dotted line).

The above calculations of course assume no closed orbit
errors in the Main Ring. In fact, as shown in fig. 8, the
real closed orbit at high energy has significant local
fluctuvations around the ring. However, inspection of the
figure and comparison with figs. 5 éend & indicate that,
even when the orbit fluctuations shown in fig. 8 are added
to those in S5 or &, the maximum required aperture is still
everywhere less than 38 mm. .

b). vertical

The vertical beam size is generally quite small, because
.of the small betatron emittance. The additional aperture
limitations introduced by the kickers and the F17
Lambertsons are *+ 19 mm (the F17 aperture has been taken as
the vertical height at the center of +%he circulating beam
with no steering). As seen in figure ¥, there is no problem
with these limits in general.

Fig. 10 shows the experimental vertical closed orbit;
note that across F17, the orbit is low by 4 mm. An
additional perturbation on the vertical beam dynamics will
be the vertical dispersion introduced by the overpass (see
table 5). The vertical size at the limiting aperture (F17)
for the worst case (the WDB9+TCB21 DO,BO case) increases

from 2.2 mm to 2.& mm. However, even with these
perturbations +to the vertical motion, the ctirculating beam
should still clear the septum (see fig. 12). The clearance

is only 1 mm in this case; a bit of horizontal steering
(with the F14-F19 pair) may be also be required.

T T Y e P
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3. Extraction Channel Apertures and Stray Fields

Figures 11, 12 and 13 show the beam size(s) at the
downstream end of the F17-1 quad, and at the Lambertsons and
the C-magnets; both the circulating and the extracted beams
are shouwn. These beam envelopes include the effect of the
worst-case cverpass vertical dispersion. In the figures,
the dotted 1line indicates <the beam spot when the Fi4-Fi19
pair is energized to its nominal value (13 mm offset). In
fig. 12, the beam in the extraction channel is shoun at the
entrance of the first and exit of the second Lambertson. In
fig 13, we see the beam envelopes at the entrance to and
exit from the C-—magnets, as well as <the circulating beam.
The C—magnets are pitched at roughly 1.2 degrees vertically,
so that the beam exits near the middle of the downstream
aperture.

The residual body field in the field—free region of ¢the
Lambertson is estimated ¢o be 30 g at 150 GeV. The body
fields below the C—magnet, in the region of the circulating
beam, are roughly a few tenths of a gauss at 8 Gev: rising
to less than B0 gauss at 150 GeV. It is planned to further
supress these by using a magnetically-shielded beam pipe in
this area.

4. Detailed specifications of the devices

Table 1 gives %he details of the extraction system

devices, locations, dimensions, and operating points. All
the numbers correspond to eoperation at 150 GeV/c. The
apertures given for the Lambertsons and C-magnets are for
the extraction channel. Tables 2 and 3 presant more

detailed information on these extraction magnets. The bend
angle for the dipole downstream from B2 corresponds to 24 of
the integrated field strength.

Pbar Ingection

1l. General Description

The reverse injection of pbars ¢rom the Accumulator
occurs through the F17 extraction channel, which is run at a
current appropriate for 8B.8% GeV/c momentum. The pbar beam,
consisting of 13 (33 MHz) bunches, is kicked onto the closed
orbit by a new kicker at E48 (see phar note 365 for
details). The orbit excursions cf the injected beam between
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MAGNETIC FPIELD® _
Central Field.® 0.6 KG max
Uniformity across 3.0" gap < S§G.

OUTLINE DIMENSIONS

POWER: ..
oC Power * 19 kw (50% v.7)

Current * 3500 A  wax
Voltage *t AW ¥V sacx
Copper Temp. Ave. * 3¢’ F
Resist @ Temp. * 6.2 /-

Inductance 2.6 «H
COOLING:

Water Temp. Rise * AF F
rotal Plow t 2-5 GPH
| Pressure Drop + 50 PSt

COIL DATA:
Conductor O0.D. * 0.3 # 0. 33

Hole Diaméter * ©.3%S
o 16A.9
rns (Q "
Water Paths 2 | ez
Ave. Turn length 30" —_
. T
WEIGHTS: . !
Coil & Insul. 549 (B, —|
Core _ .
Support r I
Total Magnet Assembly T : :
N .
CALCULATION CONSTANTS: e
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MAGNETIC !’IEEC OUTLINE DIMENSIONS
Central FPield *- 12.8 KG «ax
Uniformity across 4.0" gap < SQ
POWER:
DC Power * 3 K (5'07. mC)
Current * 3veo A
Voltage t o v .
Copper Temp. Ave. * ¥ F
Regist @ Temp. * 56 N
Inductanc .
neveranes 22 M 4450
COOLING: |
L g
Water Temp. Rise * 22 F '
Total Flow t 5.2 QP
Pressure Drop + Se 7PSi
COIL DATA: . '
Conductor 0.D. * ©.#3 » 0.3 CROYS  SECTION
Hole Djameter * ©.3%5
Turns ‘2
Water Paths 2 . '26'/7:
Ave. Turn Length 245 '
WEIGHTS: ng.4
Coil & Insul. 3'\2 LB,
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Support :
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F17 and E48 are 1limited by a 4~bump centered at FC
(produced by the herizontal correction dipoles at
E48,E49,F11 and F13}. An additional orbit bump centered at
F17 (produced by the correction dipoles at F15, F17,F19, and
F22) may be used to steer the beam up to 14 mm away from the
Lambertson septum on the first turn, if this is necessarvy.
These bumps will be on at pbar injection ¢time, and will
probably be left on throughout the acceleration cycle,

2. Betatron emittance and Momemtum Spread

The following calculatinons have been done for a
momentum of B8.89 GeV/c, emittance(at that energy) of 2 pi
mm-mrad, and a momentum spread of + O.09%. These numbers
correspand to 954 gaf the beam. Betatron beam spread and
dispersion contributions have been added in quadrature. At
Fi17, the horizontal betatron beam size is*13. & mm and that
due to the dispersion isy5 mm.

3. Injection Channel Apertures

Figures 14, 15 and 16 show the injected beam spot at the
C—magnet. Lambertsons, and the upstream end of the F17-1
quad. In the figures, the dotted line indicates the beam
spot for the circulating beam with the F17 steering bump on
at maximum (14 mm).. For ¢the ingected beam, the cilesest
clearance in the Lambertson aperture is 3 mm (on both
sides), and also 3 mm at the Fi7-1 quad.

4., Main Ring orbits, apertures and Beam sizes
al. horizeontal

" Figure 17 shows the orbit produced by the kicker at E48
alone; fig. 18 shows the kicker plus the kick-offsetting
bump at FO; and fig. 19 shows the injected orbit and the
F17 bump which steers the beam away from the septum on the
first turn after injection. Fig. 20 shows the horizontal
beam envelope for the ingjection orbit with the kicker and FO
bump on. and fig. 21 shows the civculating beam (FO bump

only)d. The maximum aperture needed for the circulating beam
is 35 mm (-35 mm at the first quad downstream from &FO0).
Except at F17, the maximum aperture needed for the kicked

beam is 42 mm (-42 mm at the first quad downstream from FO;
also, 3Bmm at F13 and -39 mm at F15).
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Figure 22 shows the region near F17 in detail,
indicating both the circulating and injected beam envelopes.
Again, nearly the full inner limits of the physical aperture
of the quad at F17-1 and the dipoles at F14-4 to Fié6-7 are
explored.

The horizontal injection angle necessary at F17 is .95
to 1.05 mrad (depending on the size of the F17 steering

bump). The difference between this angle and the 0.8 mrad
introduced by the rolled Lambertson can be acheived using
the trim dipole in the AP1 line. In the worst case, this

produces a 4 mm beam offset from the C-magnet center line,
which is tolerable (see fig 14).

If it is necessary to use the steering bump at F17 on
the first turn. the kicker and the FO bump must also be
increased (see table 4. For the extreme case of a 14 mm
offset at F17, the kicker goes up by 33% and the FO bump by
40%. The resulting ingjected beam envelope (corresponding %o
the orbit shown in fig 19) is shown in fig 23; the
circulating beam envelope is shown in fig 24. For this
scenario, the aperture requirements are increased. For the
circuvlating beam:, we need 42 mm (—42 mm at the +First quad
downstream +#from FO}; for the injected beam, we need 50 mm
(+30 mm at the first quad downstream from FO, 44 mm at Fii,
46 mm at F13, and —48 mm at F15.)

Fig. 25 shows the measured horizontal closed oarbit in

the Main Ring at 8 GeV. MNote that the orbit deviations in
the E48-F17 region are all quite small (maximum 3 mm).

b). vartical

Fig. 2& shows the vertical beam envelope from E44 to
Fa23. The maximum aperture required is 16 mm (at the first

"quad upstream from FO). The beam size at the Lambertsons

[ ——

and the E48 kicker is +8 mm; the aperture restrictions here
are +19 mm. Fig 27 shows the measured vertical closed orbit
at ‘8 GeV: again, the deviations are small in the E48-F17
region.

9. Detailed specifications of the devices

Table 4 gives the details of the injection system
operating points for two cases: with no steering of the
circulating beam at F17, and with 14 mm of steering. The
dipale in the APl line runs at very low current and serves
now to produce the correct injection angle at F17.



KN e b Ll AR ISR el AL
94
~
R -
<
o
. ] ~
: T
i ~
i =
/ a
: 2 =
j ;
{ " T
| ' -
| o
! &
i 0
i ! —_ c
I ; E To
! : <
1 : M
i 1
| z
I i “
: o
| -, 5 7

Pt IS
— 7 ; 7 ~
= . f Vol
; / | -

\ £ .
= i \ \ S BN
N J \ I

\ N~ I\ hhed
m - A
O ——— \ . \
¥ “ £
w~ hd (€4 n.
Qo s | ‘ ] ot
<a T W i / o=
2c i / Ui
Q ‘.U / [%,)
+ L & )
v > 3 = :
o = 0
= T / . Ik
F__ ‘ -
<= / -
<
2w
m / -
- /' Sl B
. €.
& R / / i
(o
o
: / /
- ll z
=z .
= g To
= e
(&)
w [ — pason
w
=
[
. / IE
@ / g v
!
o
.l 11 4 1 3 e / i o‘
0C'5Z 00°C8 CC'Sh  CC'0OS 00°S!  0C'C 0C-Si- 0C-0 o T oo °
st - 0C*0¢- 00°Gh- 0O-Con
al %2 : €~ 00°Sb- CC-09-Co* 5/
CALIFORNtA GOMPUTER PRODUCTS, INC.  AMANEIR, CALIFORMIA  CHART NO. 260F-A MALE N USA. 0




FO 4-BUMPS

Fi7.

€48 KIBKER.

B.89 GEV.

PBAR INJECTION.,

BEAM ENVELOPE.HORIZONTAL

0.00

00°0S 0C-0F 00°0¢C

00-02 08°0L QC'- O
(W5 11860

0°0l- 00°02- OG- 0L~ 00 0b-00'0G~

RE 1530 A R e i1

CALIFORNIA COMPUTER PRODUCTS, NS, ARAKTIN, CALIFORIHA  CHART NO. 200F-A

AL i < 1 O | S A

MADE [N U.S.A,



-
=

§S*lPS  Op-/8F  PET'EEP  60°6.C  £6°h2E

()
2

3JNYISIT

0427 Tz9v91z  9r-29l

1£°801

S1opS

W 74—

nnm M‘\M

. TVINGZITY0H '3d0T3ANT WV3E

00°0

AT 914

SdWng-v 04214

*A30 68°8

‘NOTLOAr

)
13

0C-0¥-00-0S

uJ

0C-0¢g-

0C-0c-

0C°0l-

(WW) 11840

j 0001 Q0" -

oc-oe

I
T

0c-of

dv8d

0Cc-0s

0o

no

A,

CHATT NO, 2067 -A MATE 1 U

ARAHEIN, CALIFORNIA

| SO

-
ey

COMEUTER PIOTUCT.

s
)08 FoY

- ra
It

CAaLt



44
Nl

L _ N | T e T T
Y I L __.___J__ T T I

ldid
ing

BT AN a— T T 08

AZ°8F a40°F~ B9~ 66 '~ BT = 92"~ 6P

P16°4 PAS'E TEO°G- B1d°S AFrB3- 858 °a ar

SSE"S A3r‘e bLT= AP L 21"t~ g&°'T a9

S42°F TAG'E 2T+ k- AER"] PREUR- E3av°y rd

BEL "~ 340 ‘T~ ES%°E FB0"S~ SN 3~ G40 °F ar
a8k~ S19°~ ZEY°p Phd® AZB E E54°C e
¥~ GEI1'F RAT°'E LT e EPE"S £3°3 1]

BES "~ -TAP°'T BE'I- 8S° [3%°F are'p- pg
SSP°3 M ZEL'E- 6B0°B~ $L"P~ é9%°3- ag

$I°C RAS'E sbO°'F LLE"Y ?4°3 8d3g°g a3

4688° I - ELP‘~ BEHS'~ ppg° 1 a3

[S6°+— HE3°A~ 9AB3°'- J1I°E $5B°S 6a1°t ra

ASE I~ S02° BAS'K- BET™8 P2"% M- a3 £011  ¥BrS3rTO
ES1°E  K1°T~ 9BL°9- #Ep~F IL°C- 343G~ &F A3 B
SPC"? TIZ°A EBAC'E SBE") JLLECT 804 °E 4 ASH3INY
SIP"E  JSB°~ E48°~ £49° ¥FE"- SO2°E T 933 Fés"
d14°4~ GALE~ Ed+°1 6°S O832°C @0¥y°dH ““ =INLL FTdNUS

EEE S~ FIE b~ BIS'1- 118°L APD“3- 899°§ (AN b
a ) L 1 M 4 k | $ 34
241 ¥Br#1rE0 CHN > - 4T430 QB0 IWINOZ INON

5 oI




aiclldlewlul L

85" kS

Qv " 8Y

bZ Eey

60" 6.8

(W) 3NVLS G
£6°p28 117042 87912 9v-29l

1§ 801

S1°bS

00°0

ww 9|

9z 5.4

TYO1183A34073ANT WYHE
SdWNG-F 04  *Z213 '¥INOIN B8P3 ‘A3

0C'St- 0C'02-0C-52

00°01-

0C-S-

' 00°S

0c-0l1

68-8 °*NOIL1O3rN! ¥VEd

co-Ss!

0002

-
0c-Sc

00" -
(WW) 11830

20

SA

IR I IR

AR

CHART KO, Z00F-A

SiE, CALIYORIEA

-

ANAH

CALIFORNIA COMPUTIR PRODUCTS, INS,



.-’-lllx."-l}.i oo

fa

o -

~y

476~ 1%2°- §I6°2~ 233} 13°¢ I3 AV
fag°2 ye8 - Jatr 3= 283" Zez‘e 163- F3
SR1"A~ g%z~ 13 )~ 12°}) 26: 2 ¢~ 5
OCp- &L 1~ 103 )}~ LA Gy ' ¢t 1Y~ sy
LIv°Y- 857 Be6'Y %= 1107 £95 - RS
taz" 32 b REPI- TS~ IS~ 8832 'C
8i5°Y PSSRt Sl wEYS FAS k- LE
267 TR eigv 2S6°F 2z4‘c 02" c3
605°L 21E " r- 58 ° 6r° 11478 St~ 22
€87~ &éét G827 Y- Zévg- 2171~ a2
68°2 Hnv°Q CIU° 121°1~ 31893°2~ 3¢5~ &2
GeEd ST BEYVT- 9Zp 3 L39¢ g1 2
GHE " Bl 2087~ T5°E~ £iB6'F bIICY 12
V62 °2- SPP°2- 91Z° BRit 66%°@ LEg°~ 31
8GE e~ 32y 31" £8:°2 EEP - ¢08°Y- 91
BGe i~ 21T 68472 Epr 1~ £93°Y- p8b°~ tj
§F°¢E 8€e* Z68‘2- <8’ 922" L’ 21
te2°3 Tk A0b°= B2L°1 L8371 pirT IR

g 3

¢78t

»8/30/80

]

Ta

£

-
o
w

[reE "Dl

1 ‘ —
i lpred. cﬁ(&) e
mg oﬂ.‘h . L :

R L A T AT O 1 T ety 1704 ¥ VT s oo i

T

s smeay

k)

P330 Lus8%03t
A3 B
AYSTLS
J3as H/ T
23uil 2%dnas
U3 V35185
1 A

11830 33070 w3237

-

8
H i

M
')

ST SanE e T AT



Lo b el Ll L

Acknowledgements

Ring

d in some of these calculations;
to Sho Ohnuma for providing ¢the vertical dispersion
information for the various

overpass scenarios; and to
Carlos Hogyvat for helpful comments on the text.

DLk AL )



FERMILAB

ﬁ"g ENGINEERING NOTE

SECTION

PROJECT

BEMIAL-CATEGORY

SUDIETT

TAGLE 4

Fi7 INJECTION OgUiCES

MAME

BaTE L7
A REVISION

(327 6/, )

No STEERING

14 v STEERNG AT FI7

v AP4

o S————
Bewd = I Bepio < I -
_ AreLes ANSLE
PEVICE  [o0aTioN  Cura :.t) @) (avecl) (®)
HeD 4y -1 1S -2se -22
¢) E‘/“? "'-2f - -30 —.2—(;
Y Fli +167 +.9 + /So +/.3
‘" FI13 -3 -5 —250 —d2
Hep Fis” o o 1S +13
XY Ff? o o 35" +0, 3
. F19 o o 35 403
" Fa2 o o /So +L3
F KIKeR.  E4E +4#So. 4o +éoo 6#o
LAw | FIT 8130 207 8750 201
LM 2, 7 on " i "
cmAs) i LI 7630 )
CHHg 2. Fi7 " . "
(X}
DielE I4o™ - ‘
’ Arree. 50 T d8o 23
C- W46

FE (AL

erT |



