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& Fermilab

| will talk about...

* Fermilab accelerator complex, Tevatron
Scenario, and general information

 Beam-beam effects , together with machine
non-linearities, at injection at present
machine conditions

« Beam-beam effects at collision at design
machine conditons

e Conclusions
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& Fermilab

Fermilab accelerator complex

Accumulbor (8 Gev)
Debuncher (8 Gy Linac
H-

20 H- lon source(25K eV)
Boosker
Sk byard
B Gel .’
AT R

g Tey Exbraction
Target  Collider Aborts

Mlain [njechor
120 GeY

Recycler
8 Gel

P Abort p L FO BO Detechor
\\‘ and Low Beta
3 Tevalron
Protons are: 1TeY
» combined 10-12 turnsinto one bunch at
Booster, and injected into Main injector
*Coalesced 5-7 bunches at main injector into P
one bunch, and injected into Tevatron. En ~_ - o0
Anti-protons are: T"
* produced by protons at target, accumulated at
Accumulator, injected into Main injector, and O Diehector
then Tevatron. and Low Beta o Abort
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The scenario at Tevatron collision

A21 to A24
A17 to A20 iy

A13to A16
P13to P24

A25 to A28

P25 to P36

& Fermilab

36X 36 p and pbar

Go through different closed
Orbit(called Helix), separated
By electrostatic sepatators.

A29 to A32
Proton Helix
AO9 1o A12 rivioiEe A33 to A36
FO
AO5 to ADB \ Pbar Helix
Central orbit

AO01 to AD4

For each pbar bunch:

Two Head-on interactions. beams collide at BO and DO
70 long-rangeinteractions

A01 and P01 meet at FO
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3 cogging stages at Tevatron

injection
B  Proton Train
- 4 phar bunches
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& Fermilab

Cogl
,LB*—I buckets

Cogl

l%d buckets

Cog2

Final injection
B0, 9 buckets
Final Cogging

Each pbar bunch experiences 72 long-rang inter actions, and beam-beam effectsare
different for each pbar bunch in atrain since the sequence of the long-rangeinterations

isdifferent for each of them.
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Main parameters

& Fermilab

Jlab sminar, June 19, 2003

| njection(p/pbar) Collision(p/pbar)
parameters : :
present design present design
Bunch intensitiesX 101! 2.20/0.13 2.7/0.3 1.7/0.13 2.7/0.3
Emittance95%[ rimm.mrad] 25/20 20/15 25/20 20/15
Momentum deviation (r.m.s,,15) | 7x10* 4.3 x10+4 1.7x104 0.87x104
/4.5x104 /4.3x104 /1.2x104 /0.87x104
Chromaticities (8,8) (8,8) (20,20) (5,5)
Working point (0.583,0.575) (0.585,0.575) (0.585,0.575) (0.585,0.575)
Meigin Xiao




Comfort plot and beam lost in the Tevatron

& Fermilab
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/Date\
Stage 03/02 | 10/02 | 01/03 | 03/03
P-loss at 23 14 16 10
injection(%)
Pbar -loss at
Injection(%) 20 9 4
P-losson 7 6
ramp(%)
Pbar -loss on 14 8 12 11
ramp(%)
Pbar-lossin
squeeze(%) 25 5 3 2
P/bunch at low
beta(E9) 140 |170 | 180 | 205
pbar/bunch at
low beta(E9) 75 22 20 23
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General information % Fermilab

 Machinenon-linearities:
(1) Magnet field errors (ARC+IR) +
(2) Chromaticity Sextupoles +
(3) Feeddown sextupoles

* Threeconcepts.
(1) Tune shift: experienced by zero amplitude particles
one way to parameterize the strength of a kick with
separ ated beams.
(2) Footprint: a good measur e of the strength of the nonlinearity

(3) Dynamic Aperture(DA) YR
. TraCklng COdeS Particle’s lost g=7 .50
(1) MAD: 12 days(10°turns) 7 Beam size

(2) SIXTRACK: 10 hour s(10° turns)

Particle’s table

10° turns =» 2 second in the Tevatron Y e

>
x( 0)

Meigin Xiao
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|Simulation model for headons interactions

« Bunch length etfects:

Houglass Effccts: the transverse size of

each disk 1s different .
H‘“"'-. R
Longitudinal desity variation: a Gaus- iy

-
e
_'_'_,_H.—-
. - R H 5
sian distribution i e, ‘m.l:’
2 e
Phase variation: Propagation between T . 1""1

slices

BEeam-beam kick
The strong proton bunch 1z divided mto 9 slices

1 5] 5] A A - -
* C’n]“ph'“' beam-beam 1A At the Tevatron where oo = 3Tem, @ = 35cm

M= Mpp(Ng)My(Ns — 1 — Ng)Mpp(Ng — 1)Ms(2 — 3)... Mpp(2)M41 — 2)Mpgg(l)

Simulation model for Long-range interactions - 4 f1111c'.tic:11|

The kicks are given by the Bassetti- Erskine expressions
for Gaussian beams{assuming o > oy

Nor Fiz,y) 11'[
Ax' —_—= =Im Fiz,y) =y

. . where W is the complex error function.

T =
P —-r.r;-;[h Filzy Tepry ||_-'-'j:"!:' D8,
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Dynamic Aperture of protons at injection Fermiat

Dynamic Aperture of Protons at 150 GeV
12 T T T T

New new helix —Jli—

‘ ‘ %— Coalesced ‘

Average Dynamic Aperture [0]
e}

Uncbaleﬁced |
: : = 2.5 nsec ‘
4 i i i i i

0 1 2/46/'7 8 10 12 \14
Momentum deviation dp/p(E-4)

Present parameter Largest momentum deviation

limited by RF cavity

DA oncentral orbit on helix  physical aperture

uncoalesced protons(dp/p<1.E-4) ~ 100 ~8c (4~6) o at CO
coalesced beam ~ 80 ~50 (4~6) o at CO
Proton lifetime(obser ved) 4-6 hrs 1.5-2 hrs

Proton beam loss due to: 1) bunchesare out of the RF buckets, 2) machine non-linearities.
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cogging, with beam-beam and magnet field errors

pbart ———

4@“

pbar12 --

45 -

[o]leanuady onweuiq

25

300

280

260

240

220

200

180

160

Proton Intensity(X10E9)

DAs of pbarl and pbar12 =» better than those of middle bunches

(pbar 6 asarepresentative)
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2t Fermilab

Crynamic aperture of anti-proton burch | at 130 Ge¥
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When the tunes cross the difference resonance in the tune scan experiment,
we observed the emittances of pbar in x-y planes exchanged, while the
Meiqgin Xiao

proton emittances did not.
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