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Compensate long range beam beam with a wire

frettttttt M1~

Wire
ire Weak beam
W\Iz TTTTTT T Svong voar
) 105 m 8

Motivation:

Hin Beam kick

Head On: atIP beams collision
Long Range: electromagnetic beam beam
interaction out the IP

= Wire kick

AX'[a.u.]

In our analysis

HOLR -> Head On at IP1 and IP5
16 Long Range before IP
16 Long Range after IP
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Simulation tools

Tracking with BBTrack *

Stability Tune
Analysis Analysis

1) Fortran 90 code developed by U. Dorda
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Stability Analysis :

2e+05
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X [o]

» More than 4000 particles with max radius [0,9] ©

» Tracked for at least 300.000 turns

» Particles set unstable when A[j] > 2.8

» Color emphasizes the turn where particle become instable

Al[j] = Lyapunov coefficient at turn j
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Lvyapunov coefficient:

rates of divergence of nearby
trajectories in phase space

d(N)
d(0)

A=lim lim : log

distance between
N—ed(0)=0 N

trajectories at turn N

d(N) =

Used in the code

Aljl=

(d.14: 1)~ {d,[0:4])

>2.8
CAEEES)

d. = normalized distance in 4 dim
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Lyapunov Criterion: Check

Criterion stable increasing the number of turns!
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Y Lyapunov Criterion: Check

Criterion confirmed by direct observation for some cases
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Tune Analysis :
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Optics par * Calculated the tune
e Verified if the fractional part of the tune touches resonance lines
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Requirements
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Requirements for a good compensation

B B, (IPl) =L3. (IPS)
Py =P, B. (IP1) =B, (IP5)
Bx,y

at each IP or

(1) Big enough

(2) Small enough

1. B,, =Betatron function

2. Ap,, =phaseadvance between the average LRBB and the wire
position
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Best Solution;: BBC  °

IP BBC

02Q 05
- Vo

T Y —

distance from IP [m]

1. J.P. Koutchouk’s note: CERN-SL-2001-048-BI




7 EUCARD
O

Best Solution;: BBC  °

distance from IP [m]

1. J.P. Koutchouk’s note: CERN-SL-2001-048-BI
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wrecomp Ml o T BBC location not

Stability 87 — .
Tune  Sssmll available for LS1
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CRESWULSE  Different solutions analized, best for:

Wire S Wire in the shadow of TCT
* Using nominal optics (with B= 0.55m at
IP):
Next SIS « 147 m after IP1
Adds

e 147 m before IP5
* Using a modified optics (1) (with B= 0.60m
at IP):
147 m before IP1 and IP5

1) Courtesy of S. Fartoukh
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Prototype: TCT Nominal Optics.

distance from IP [m]




Prototype: TCT Nominal Optic

TCT
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distance from IP [m]




Prototype: TCT Modified Optics...

TCT IP
Q5 LD Dl Q3 02 Q1 D2 Q 05
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Prototype: TCT Modified Optics...

D1 03 02 Q1
Vool on e Wou s

distance from IP [m]
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W-TCT . W-BBC o o
57
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gt |
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A !
i s [m]
Wire position TCT TCT opt “
from IP1 [m] 105 -147 150 199
from IP5 [m] 105 -147 -147 199

In all the cases A is not a problem (see appendix)
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Wire Position and Current
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Transversal positions
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We studied a possible compensation of long range beam beam effects in LHC
with a DC wire compensator
We analyzed the tune and stability for different configurations
v Wire Longitudinal positions
v Wire Transverse position
v Wire Current
v LHC optics
From tune analysis
v’ best transverse location 9.5 o with current 177 A
From stability analysis
v’ best transverse location 11 o with current 237 A
Longitudinally, best compensation at BBC location
Promising results also at TCT opt 3 or TCT with modified optics

Varying the crossing angle we see that wire compensator allows to reduce
crossing angle of 1-2 ¢ maintaining the same stable region
Wire shape (sqgare vs pencil like) doesn’t affect our results
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» Mechanical feasibility (compatibility tests )

» Impact of wire-in-jaw on machine impedance

»Beam cleaning performance simulations

»Wire-in-jaw robustness simulations

» Prototype installation and integration
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AQ, = .
d

2 2 2
d" =x+y,

U, = free permeability

L, = wire length

|, = wire current

B,p = magnetic rigidity

B, ,=betatron function

(X, , Yy) = Wire coordinates
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N = nbr protons

ro = classical radius

d = distance between beams centers
o = standard deviation
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Analyzed Cases Summar

BBC 1 1738 1735 0.25 0.25

5 1739 1735 0.25 0.25
TCT 1 559 1576 0.25 0.25
optimized = ¢ 1576 607 026  -0.26
TCT mod 1 801 802 -0.26 -0.26
ofpines 5 798 794 -0.26 -0.26
TCT 1 1577 615 -0.26 -0.26

5 1576 607 -0.26 -0.26
Q5 1 106 503 0.26 0.26

5 106 503 0.26 0.26




