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N Qutline

= Overview of Beam-Beam Effects
» Injection
> Ramp
» Squeeze
> Collisions

= Analysis tools
» Luminosity Evolution Model
> Beam-Beam Simulations
= Countermeasures
> New Collision Helix
» Second Order Chromaticity Correction
» (New Tune Working Point)

= Results and Summary
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Contributions to Luminosity Loss
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L' Long-Range Effects at Injection
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T
E Importance of Losses in Squeeze

= Total quenches this year 140
= Percentage

> Ramp: 3

> Squeeze: 22

> Collisions: 13 = 38

> No beam: 102 25 ¢
= Most quenchesin o

squeeze are caused .

by a combination of .

beam-beam and
5

orbit issues

0 +

Ramp Squeeze Collisions
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'3 Proton Loss in Squeeze vs. Antiproton Brightness
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L 3 Luminosity and Luminosity Integral

_ e VL=l /1+t/
ﬂﬂ*(gp +55) (Gl/ﬂ ) 0 ( T TL)
| :det = NstoresTLLO In(1+T /TL)

= Luminosity Integral: primary factors

» Beta™ at IP and bunchlength: H(x)/beta”™*

> Emittances pbar
» Number of protons: l\?
» Number of antiprotons: Bprar

» Lumi-lifetime: T
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L, B
N Effects at Collisions

= Emittance blowup
» Lifetime deterioration

= Long-Range
* Head-on

|
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T
E Luminosity Evolution Model

= Beam-Beam is not the single strongest effect

= A model model was built to describe evolution of
the beam emittances and intensities taking into
account the following factors:
» Scattering at IP (luminosity)
» Intra Beam Scattering
» Scattering on residual gas
> RF noise

= Tnitial parameters (bunch by bunch intensity,
transverse and longitudinal emittances) are
provided by measurements

= Main free model parameters are:
> (Gas pressure
> RF noise power

= Fast computations
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Hunber of Protons

9e+30

Be+30

Fe+38

Ge+30

De+30

de+30

Je+d0

2e+30

Luninosity {cn™{=-21 s"{-13)

le+30

a
Ge+ld

7.9e+l1d

Fe+ld

6.95e+18

Ge+18

9.9e+18

Se+ld

4.5e+18

4e+18
2. 7e+ll

2.6e+ll

2.5e+11

2,4de+11

2.3e+ll

2,.2e+l1l

2.1e+ll

2e+1l

1,9e+11

Store 6200. Ly=2.95x1032

nodel
DA 6288

nodel

18
Tine

{h)

15

28

25

8.3

8,29

bunch # 6 75

Luninosity Integral {pb~i-13)

Horizontal Enittance {pi nn nrad} Bunch Length {cn}

VYertical Enittance {pi nn nrad}

78

65

68

L]

hili)

45

ili)

45

48

39

38

29

28

15

18

]

35

L)

25

28

15

18

nodel a
GDA 6288 a
nodel p
GDA EEB? P

MMM wnodel—

o ae®®o

L

a

4
o)

AT
S hodel p ——
- _#“_.:ﬂ'“ 5L p ——
e FH a
FHp =
| | I
a 18 15 20

Tine (h)

25



L,
D Beam-Beam Code LIFETRAC

= Weak-strong, Gaussian strong bunch

= Macro-particle weak bunch, typically 10000
particles

= Full details of the machine optics, beam
separation, and collision pattern with all 72 IPs

» Effects of random noise
= Parallel, up to 108 turns
= Deliverables - emittances and beam life time

» D.Shatilov et al., TPAT084, PACOH
- A.Valishev et al., TPAT083, PACO5
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JC : :
£’ “Scallops”. Simulation and Measurement
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T
I Antiproton Bunch-to-bunch Orbit
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Horizontal Emittance (T mm™*mrad)

Model Cross-Check
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Luminosity

bt

B* Reduction (8/2005)

1 16 . . . .
C.DOFZTL ——
0.995 "‘T«t o210 [ ULV e —
16 | T L DO fit - 1
099 T T DO fit *1.05
0.985 |
>
0.98 | 2
=
0975 | =
>
! -
097 ey
0.965 | b
0.96 ' : ' ' '
0 10 20 30 40 50 P
step (1.E+4 turns) 10 L I i L H
0 3600 7200 10800 14400 18000
Time(9)

EPAC'08 6/26/08 - A.Valishev 17



FE
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Effect of the Helix Size on Lifetime

Average Antiproton Non-Lumimous Logs Rate ve Helix Size
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aF Head-on Beam-Beam Tune Shifts.
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Contributions to Luminosity Loss

B HEP
' Protons Squeeze
[ Protons Ramp
M Antiprotons Squeeze E E E

O Antiprotons Ramp

=
o

2
=

Luminosity Loss (%)

J—
=

0

aNTI0> gpT10% H 1100 7100 7106 gy1IOT (G TIOT yy7IO8
Date

EPAC'08 6/26/08 - A.Valishev

21



T
B
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T
£’ Effect of p* Chromaticity. Simulation
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£’ Effect of p* Chromaticity. Simulation
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Lt
e Correction of B-function Chromaticity

= Reconnection of sextupoles into new families
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T
L 3 Second Order Chromaticity
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Contributions to Luminosity Loss
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Effect of ca on Proton Losses. Simulaion
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Contributions to Luminosity Loss
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Integrated Luminosity Performance
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T
W New Tune Working Point

= Currently operating
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Coherent Instability in HEP Store
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A.Valishev et al., THPCO74
R. Ryne, Advanced Computing Tools and Models for Accelerator Physics
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Summary

Beam-beam effects and orbit stability issues in squeeze impact
collider reliability

At collisions, the decrease of antiproton intensity lifetime and
emittance blowup prior to 6/06 was caused by long-range effects

» Implementation of the new collision helix with increased separations
at particular LR collision points gave improvement of the luminosity
lifetime

Currently, beam-beam effects at collisions are dominated by
proton losses due to head-on interactions

» Correction of B* chromaticity allowed high-luminosity operation
without deterioration of lumi life time (10% at present luminosities)

> Control of proton/antiproton emittance ratio was commissioned
> Tune near half integer would allow 30% more luminosity but will not be
implemented
Beam-beam simulations correctly describe various effects and are
used to support operational changes and improvements.
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