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weak-strong simulations for LHC (1999)
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proposed long-range beam-beam
compensation for the LHC (2000)

e To correct all non-linear effects correction must be local.
* Layout: 41 m upstream of D2, both sides of IP1/IP5

Common section

Phase difference between BBLRC &
- average LR collision is 2.6°
(Jean-Pierre Koutchouk)

J.P. Koutchouk, J. Wenninger, F. Zimmermann,




simulated LHC tune footprint with
& w/0 wire correction
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nominal LHC: wire gain ~1.5 ¢

WSDIFF simulation

v JR"7 N W NN VRN YA [N W WY T N N W U T U NN YN U U [N YN Y U U N W T N U N T WO Y M I T W M Y U WY O

E 2 3 4 5 6 7 8 9 10

head—on NG\
head—on + long—range P \
head—on + long—range .-

+ perfect el. wire

head—on + long—range
+ el. wire with 2° error

o a A
|

amplitude .y (0,,)

Frank Zimmermann, 2001 Beam-Beam Workshop, Fermilab



SPS wire “BBLRs”
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— 1 WA

]
(L

J.-P. Koutchouk, G. Burtin, J. Camas, J. Wenninger, U. Dorda, G. Sterbini, F. Zimmermann, et al



SPS wire “BBLRs”

27 (2004)
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each BBLR consists of 2 units, total length:

% = ‘%1-

BBLRl & 2 eres"

\.\

1 m SPS Straight "‘"__"_‘_
Secmm15(4*\ e

boxes)

+ b 4
y : = '.:.x. . ol @’1
g rema = p I

¥ a 4 i i - r{ ‘d
| —sgma T
g ‘ir" Tl $= :*‘.* .
AR I | |
& A B L1
o L9 s ¥
by B o
W o
&
1 T

56
54: ;
523\}\\\
sf

46~

44 §

5168.0 5168.5 5169.0 5169.5 5170.0 5170.5 5171.0 51715
s [m]



additional wires at CERN

1x2 spare units ready (repaired after leak)

two air-cooled RHIC BBLRs shipped & stored
at CERN
(thanks to Michiko Minty & Tony Curcio)

in total 5 sets are available!



scaling

perturbation bywireA: , 2r | |
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relative perturbation:

Ay - 2r 1, .
G—y' B €C (75)ﬁda

for constant normalized emittance, effect in units
of sigma Is independent of energy & beta function!

scaled experiment: wire current ~ emittance!



history of SPS BBLR studies

single wire as LHC LR simulator (2002-2003)
two wire compensation, scaled exp. (2004)
tests of crossing schemes (2004)

1 & 2 wires at different energies: 26, 37, & 55
GeV/c; scans of Q’, distance, current (2007)

com
com
com

0: Q, I, Q" scans @ 55 GeV/c (2008)
0.& excitation in coasts @120 GeV/c (2009

0. & excitation in coasts @55 GeV/c (2010)



SPS cycles during 2008-09 experiments
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technical issues

» dedicated ion chambers & PMTs
» inductive coil to suppress current ripple
» wire heating computed and verified
» emittance blow up by damper or injection
mismatch & resonance crossing
to reproduce LHC or to increase sensitivity
» Wire scanners, scrapers
» dedicated dipole to correct orbit change locally
» always correct tune
» multiple orbit bumps to vary beam-wire distance
> (later) energy = 55 or 120 GeV/c (good lifetime)
> (later) experiments in coast (avoid transient data)



experimental detalls (2008 09)
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natural SPS beam lifetime:

~30 h at 55 GeV/c

~5-10 min at 26 GeV/c (physical aperture ~4 o)



single BBLR

“excitation” studies



changes in orbit & tunes (2002)
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non-linear optics

* turn-by-turn BPM data after kicks
— reduced decoherence time

— tune shift amplitude, consistent w
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effect of chromaticity (37 GeVic)

jed beam intensity
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measuring the “diffusive” or
dynamic aperture

three types of signals:

* [Ifetime and background
» pbeam profiles & final emittance
* diffusion rate w scraper retraction



lifetime and background (55 GeV/c)

lifetime vs. separation beam loss vs. separation
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at 7-8o separation lifetime decreases to 1-5 h



|n|t|al & flnal proflle (26 GeV/c)
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final emittance (26 GeV/c)
final emittance [um]
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Calibration of final emittance by scraper

Final Norm. Emittance [micron] (after 3200 ms)
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effect of wire current on SPS dyn.ap.

. (26 GeV/c)
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scraper retraction attempt
not very successful

only BBLR (at 12725 ms), BBLR at 12725 ms,

w/0 scraping scraplng at 13225 ms
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effect of beam-wire distance on lifetime
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SPS beam losses [%/s]

“t vs d” changes with tune
(37 GeV/c, 1.1 s)
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Beam—wire separation [mm], [1=250 A, €,~ 6 um rad



SPS beam losses [%/s]

T VS |, (37 GeV/c; 1.1 s)

Equivalent encounters (V;=1.7 10* ppb, €,=3.75 um rad)

0 5 10 15 20
i | | I | /IA
JE [resm snesm smsye e @ s wimeym smesim s e s 2 s @ e gmesm mees g e 3
M /
: beam loss [%] = 0.07 € dn 2
7 e e 6@‘ ----------
i %
— /I
e
L A
15? AAAAAAAAAAAAAAAAAAAAAAAA “‘“‘,‘/’/ “““““““““
= ! #
i " o |
L ' ' ¥
I S I I I oz o cic—ia m Li=eia & R S e P =
- A - : M
I A :// //,b}fv "
B e smesm ssmups s g see aisd R % . S
| A // L -
i A aE ~ v ETS o
k- g1 _e--e-"C "0 -
OFI‘= - ==' L . . S -I——l950'l— i-—l
0 50 100 150 200 250

I1 [A], €.~ 6 gm rad, Q=(0.31,0.32)

10 s

SPS beam lifetime

20 s

1m
1h

G. Sterbini



two BBLRS

‘compensation” studies



two-wire compensation: tune scan
o (2004), 26 GeV/c
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SPS beam losses [%/s]

two-wire compensation: another
tune scan (2008); 37 GeV/c; 1.1 s
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two-wire compensation: distance scan
- 1. oss rate T. Sen
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two-wire compensation: On / Off at 8o
distance, coast at 120 GeV/c (2009)
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two-wire compensation: On / Off at 9c
distance, coast at 120 GeV/c (2009)
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two-wire compensation: On / Off at 9.5c
distance, coast at 55 GeV/c (2010)

6000 |

QX 031Qy 032

5000 2 IPS at ultimate intensity
2000
3000 a3
-
200 compensation , - .
not as good as 1950 10511057
1090 for120 Gevic!? N
N 1 1 1 1 '1 1 1 1 "vsp 1 :
00:15 00:30 00.43

R. Calaga



2010: emittance growth, low lifetime in coast at 55 GeV/c
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advanced BBLR studies
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towards an "RF BBLR”

U. Dorda, F. Caspers, T. Kroyer
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test measurements showing effect of varying
coupling strength (trade off: rise time < gain)



conclusions

10 years of pioneering studies; a lot of lessons learnt;
two PhD theses

experimental conditions in SPS not always ideal
nevertheless compensation by second wire almost
always improved the beam lifetime significantly over a

large range of parameters (current, distance, tune)

wire compensators will surely increase operational
flexibility and performance in the LHC
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appendix:
crossing scheme studies



XX crossing, nominal LHC tunes

XY crossing, nominal LHC tunes
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crossing scheme test — configuration 1

BBLRZX on beam
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simulated diffusive aperture for XX crossing is 10% larger than for
‘quasi-XY’ or ‘quasi-YY’ crossing
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measured beam lifetime is best for XX crossing, second best for
‘quasi-YY’ crossing, lowest for ‘quasi-XY’ crossing

lifetime without wire excitation was comparable to xy case




crossing scheme test — configuration 2

BBLR1 (rotated) & BBLR2 (45 degrees)
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