2004 BBLR MD Results

e 2002/03 MDs & new BBLRS

 preliminary results of 3 parasitic
MDs in 2004

e proposal for additional MD

for the BBLR team
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motivation

long-range collisions cause a large diffusion and proton losses -
effect of SPS BBLR wire resembles LHC long-range collisions -
hence we can study LHC long-range collisions and their
compensation in the SPS

o,
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early in 2002 a single 1-wire BBLR
was instglled In the SPS
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each BBLR consists

of 2 units, total length:
2x0.8+0.25=1.85m
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“S<"BBLR

2002/2003 MDs

the first BBLR allowed us to model the effect of
SPS long-range collisions in the SPS and to
benchmark the simulations

6 MDs were performed in 2002 and 2003

we observed lifetime reduction, beam losses, and
emittance shrinkage, tune shift, orbit distortion,
enhanced decoherence; we scanned both the
beam-wire distance and the wire current,...

results were presented to the APC on 19.10.2003
and published in two reports: CERN-AB-2004011-
ABP and LHC-Project-Report-777
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for 2004 two novel 3-wire BBLRs were bullt;
one of these is installed in LSS5 close to the 1st
BBLR; the 2" new device is being refurbished,

after a vacuum leak, for installation in LSS?2

-
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LHC = ‘BBLR
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MDs Iin 2004

29./30.07.04 compensation of BBLR1 by BBLR2,
mismatched emittance to 4-6 um,
scan compensator current and position,
tune scans around SPS & LHC tunes

26.08.04 test of crossing schemes HH, VV,
and “pseudo-VH”, tune scan around
LHC tunes

02.09.04 compensation of BBLR1 by BBLR2,
“scaled” with original emittance at

< smaller distance
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diagnostics signals
for all experiments we have recorded
BCT, PMT loss signals, tunes, emittance &
wire scans at different times in the cycle,
orbits, 1000-turn data,...

1.4 Gbytes on disk — analysis In progress at
CERN (J.-P.K., F.R., F.Z.), FNAL (T.S.),
and ESRF (Y.P.)

we use new BDI ROSALI* beta version for
BCT and PMT analysis (J.P. Koutchouk)

LHC "BBLR
g b i F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004
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29.07.04 o nes  €xample BCT data

= current decay in cycles 932,960,978
S 4000 | tural
= 3790 S \197s 10BBLR gy’
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measured BBLR compensation efficiency vs. working point
- scan around SPS tunes (proposal V. Shiltsev)

\ P
. >
LHC = BBLR
s ’ -

lifetime [s]

lifetime [s]

B both BBELRs a1 -240 A

® no BELR
30T

29.07.2004, QX Scan, QY=0.153

SPS tunes

50 » L é I } . | ] i
0
0.163 0.168 0.173 0.178 0.183
QX
—8—both BBLRs at -240 A 29.07.2004, QY Scan, QX=0.165
30U
250 { - - -
? SPS tunes
200 t ] i i
150
"
100 %
50 ! i LN 8 =
0
0.143 0.148 0.153 0.158
QY

0.163

F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004

29.07.04

first we optimized
QX, lifetime with
compensation
was ~2x lifetime
with 1 BBLR,
and ~1/2 lifetime
w/o BBLR

then at optimum
QX, we scanned
QY, lifetime
increased more

a few times (note
starting point value
different!)



measured BBLR compensation efficiency vs. working point
- scan around LHC tunes

Qy

we scanned QY w/o BBLRs, with BBLR1

- only, and with BBLR1 & BBLR2 30.07.04

30.07.2004 Compensation near LHC tunes
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Twiss parameters at the two BBLRS

BBLR1 BBLR2
B, |47.66m 54.14 m
o, |-1.39 -1.53
W, |0.6045 0.611
B, |50.83m 44.69 m
o, |1.46 1.32
u, |0.5215(2m)  |0.5285 (2n)

Ady = 2.3°% A$p,=2.5° (as in LHC)
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simulated diffusion rates  -|
(WSDIFF) vs. amplitude for |
different tunes, assuming - *| /

model Twiss parameters BBLR1 Only X |
==NEFY- reli m in arY' more dlfoSlon in x’>
A y adt A \ - -.‘ _.-"' 6
p = ] ] = il =1 = L
- E 5 P s 1D O N =
vl £ DDODLR1&Z
= A N 5]
“l e 4
7 [ A A A
gl:= 3 A A A A
= K )
Z2- )
El b WBBLI&2 |
1008 z 1 A BBLRI only } B B !—H
(==] A
- e o'hg 2 --'--::-' 0
* P % ®F 2 P) : 39
s > 0.26 0.28 QYOS 0.3

~ 7
LHC = BBLR
gl S F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



measured intensity loss on flat top

Measured Intensity Loss {current polarities reversed)

e
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measured BBLR compensation efficiency vs. current & position

29.07.04 Scan 1_BBLR2, I_BBLR1 -240A, Qx,y=0.176, 0.154

70—

scan of compensator current

scan ofrompensator current

30.07.04 Scan I_BBLR2, I_BBLRI1 -240A, Qx,y=0.31, 0.32
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position sensitivity:
prediction & measurement

Lifetime vs position of 2nd wire (BBSIM) Measured Intensity Loss vs position of 2nd wire
'I"lnl T - T T I["I”'I . . i . |
BBLRI only W BBLRI only —l—
35 SLR1 and BBLR2 —&— 1 skl -
30 . o500 ¢ /
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E |5 r; 350 & |
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: - 250 | Intensity loss -
| )
i ] ] 1 ] :”,'., ]
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BBSIM: No compensation beyond ~3mm
Measurement: Compensation lost beyond ~2.5mm from optimum
N consistent!

LHC = BBLR
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wire scans - taken at various times in the cycle

1800 .. 29.07.04
- distribution
- IS fitted as
1200
1000 sum of 2
800 Gaussians
600} representing
400% core & tall
200

0

systematic differences between IN & OUT scans are
N corrected for; BWS519 and 414 agree within +/-2%

F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004 - Roncarolo



BBLR1 only

SC 503, Fits on the beam core

BWS414V t=0.4 s, Emitt=4.60 um

BWS519V t=1.1 5, Emitt=2.80 pm

BWS414V t=1.4 s, Emitt=3.44 um

----- BWS519V t=3.9 5, Emitt=2.68 pm

Amplitude [a.u.]

.....................................................

................................................................................................................................

...............................................................................................................................

F. Roncarolo

3 6 4 2 0 2 4 6 8
: : Y [mm
W - core emittance shrinks )

LHC = BBLR

i it F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



BBLR1&2 (compensation)

SC 1308, Fits on the beam core BWS414V 1=0.4 s, Emitt=2.58 pum
iy 5 5 5 L BWS519V t=1.1 5, Emitt=2.58 pm
- o | FS S S S AR
9 B BWS414Y t=1.4 s, Emitt=2.28 um
Q
o B BWS519V t=3.9 s, Emitt=2.95 pm
5 0.8
=
3
L DB e R R

...................................................

.............................................

F. Roncarolo

6 8
. Y [mm]
. _ core emittance ~constant
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30.07.04 Rate of Emittance Change during each cycle
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BBSIM: Emittance chanbe with both wires at 240A . -
015 — S simulation (BBSIM) of

Hor

Q 0 "3 711 x&y emittance evolution

j\ | with time - horizontal
: .’ \ «/ emittance grows, vertical

shrinks

Relative emittance change[%)]

-0.05

qx = 0.309
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assessment after 15t compensation MD:
parameters not under control or whose control is
critical, e.g., beam emittance (sudden jump from
6 to 2.5 um!?) , aperture limits, BBLR ramp

new strateqy for 2" compensating MD:

BBLR switched on before injection

Q-meter kick near end of cycle —— monitor tune,
and tail measurement

Incoming emittance not blown up, adjust beam-wire
distance & current —— increased effective aperture

N - s

LHC = BBLR
o e - F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004




Nominal conditions: £,=3.75 10° m; I,,= 267 A;
d,=9.50=21.42 mm (BBLR1), 21.10 mm (BBLR2)

Scaling:

|, =267— N A
3.75x107° 1/m
d, =21.42 ‘N —— mm
! 3.75x107" um

BBLR
current

beam-
wire
distance

. .-  inMD:g=1.72x10 um, ,=122.5 A, d,=14.5 mm
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‘scaled’ experiment: - emittance not increased, distance
reduced by scaling, BBLR ramped prior to injection

current decay at cycle 178452 ; lifetine =4293.9%6 +218.113 s

M0 02.09.04
= S W
Q.
S 5000
LéJ \
s 4800 | Qifeftime calaulation \EH
> window
|a
c 4600
2 |
= ,
4400 |
4200 -
0 1000 2000 3000 4000
. ) time [mS]
Injection losses: cick | |
0-100 Ms steady BBLR losses: ICK losses:
100-3450 ms 3450-3670 ms
-
LHC "BBLR
2 e S F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



02.09.04 ‘scaled’ experiment. measured beam lifetime

Lifetime wversus c¢ycle nunber

7000 | A~
- ~69 min.
5000 compensation
- |
. \‘ . ]
s S ~36 min. |
) 4000 — \‘ “‘ I C — —
.E i . \\ | \ excitation . -
— B ¢ T, e P ~61 min.
L v e ‘
1000 LHC tunes
178390 178400 178410 1/8420 178430 178440 1/8450
cycle number
ot Pt J.-P. Koutchouk

LHC = BBLR
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Fractional intensity losses :

02.09.04 ‘scaled’

R -(0, 100} B : {100, 3450} G : { 3450, 3670)

400 ¢ o experiment:
L |
SR measured losses
300 .

5 s

& et ) Y (0, 10}

S e e, © (100, 3450

(2]

T 100

= " [ 3450, 3670}

O | we b Al e |
178390 178400 178410 178420 178430 178440 178450
cycle nurber
lifetime Total Loss at Loss during Loss after Scenario
current injection plateau: 100 to kick: 3450 to
0to100 ms | 3450 ms 3670 ms
41114966 | 5309+167 | 17049 8.3£1.8 312+15 2 BBLR’s (compensation)
2131+325 | 5911+114 | 23448 10.0+2.9 28249 1 BBLR (excitation)
3666+494 | 5319491 168+5 10.3+3.1 383+12 No BBLR
~
N~ Pt J.-P. Koutchouk

LHC = BBLR

i -
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Interpretations & observations for “scaled” compensation

e 36 min. correct estimate of uncompensated LHC lifetime?
or effect enhanced by SPS tune ripple?

 lifetime improved with compensation — stabilizing effect
of residual nonlinearity?

* beam intensity varied by 10%, drift in the PS, change of
closed orbit at the dump?

» losses after kick reduced by presence of single BBLR,

— talls are partly cut by the BBLR
Interesting extension: repeat for different kick amplitudes;
with 2 BBLRs kicks intermediate losses —— imperfect
compensation

F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



PMT down

Integrated Losses

PMT signals

PMT out

500 Integrated  Losses
- Tt [
| | o0 4 | 02.09.04
il . noBBLR = @
1500 ¢ 3 600 L1
1000 W wo Y
50 | —+ Ctrl [no_unit 200 M —+ Ctrl [no unit
070 1000 2000 3000 4000 0‘0 1000 2000 3000
Time in Cycle [0.001 s] Time in Cycle [0.001 s]
Integrated  Losses Integrated  Losses
] — ! \ much larger
i) - BBELR1 100 p "\ loss rate
1500 . | Y e X !
1000 ‘l ’{M v g ‘W “ ‘i
500 \‘ +« Ctrl [no unit 2500 “l: B + Ctrl [no_unit
Otfe. 0: ¢ 4
0 1000 _ 2000 3000 4000 \ . 0 1000 _ 2000 3000 4000
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Integrated  Losses . Integrated  Losses
after kick ] | o
2000 K o0 similar
-y i BBLR1& 2= -
1000 - b 400 3 b rate
| A
mol ¢+ Ctrl [nounit 200 ¢+ Ctrl [nounit
oL s Ote
0 %?r?\g inzc(,)ggle 3&%90001 sAiOOO BBLR ramp 0 TlP(rré) inzﬁle 3&%0.0001 SAEOOO
N _-  ‘PMT down’ less sensitive kicking earlier may allow accurate

LHC = BBLR

- &

- N

measurement of rise time ?!
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how could we model the XY crossing without the LSS2 BBLR?

dea: i (where we
Idea. cancel linear r IWIW q 2 df would have had
tune shift between |AQ, , =+ y -

X,y 2 7m7eC X,y (d2 +d2)2 independent
the two BBLRs x Y orbit control)

to achieve tune shift cancellation in both planes we must have equal B,/B,
ratio at both BBLRs (only approximately fullfilled)

denote dx,l =D,, dx,2 = A, — D, .
[capital Ds are bump
dy’1 = Ayl + Dy, dy,2 = Dy o amplitudes]
conditions for zero tune shiftin X and Y 20
y - y.vs. X bump for
2 / ~ .
217 10 O tune shift
(A,+D,f-D2)(A,-D,)+D2f = ;
- ; Dx [mm)]
2 5 J_VJ_S 20 25 30 35 40
2 2 -10
_(Dy_ A><2_Dx XDX+ Ay1+Dy)2) // _ _
| beam-wire distances
o.oué ) "-.\ . DiStE:;ce I"VS. X bum
0.012 \ \‘. Coupllng = P
s\ e L
\ vS. X bump 20 2=
~ P 0.004f \1:_ _ - 20 P -
NN -z oo T
LHC__# » BBLR TE 10 15 20 25 30 35 a4o>c (™

gy s F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



we compromised between different constraints so at to
achieve equal beam-wire distances, small tune shifts,
& small coupling

sBLR2{off Deam
® ®

(strength x2)
X bump 0 mm

‘ yy'l ‘ (strength x2) y bump +10'mm
X bump -23 mm

- =
N - >
LHC = BBLR

- e F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



Emitt_t:CTime {Gate==1}

14

12

10

vertical
core
emittance
for all
cycles vs.
time in s —
shrinking

F. Roncarolo

on the other hand: between 0.5 and 3 s:

horizontal core emittance grows from ~3 to ~4 um
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probing the LHC crossing scheme: raw lifetime data

¢ both BBLRs off
® BBLR1 120 A, BBLR2 -120 A
A BBLR1 240 A, BBLR2 -240 A

26.08.2004 crossing schemes @ LHC tunes

o>

LHc: ~ “BBLR

- &

- N
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BBLR2 (X) -240 A
x BBLR1 (V) 240 A
® BBLR1 (V2) 240 A ‘
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probing the LHC crossing scheme: mean & rms ¢ 26.08.04

@ both BBLRs off 1
] LTI 26.08.2004 crossing schemes near LHC tunes

ABBLRI 240 A, BBLR2 -240 A
= BBLR2 (X) -240 A
= BBLRI (V) 240 A

® BBLRI (V2) 240 A

500

400

300

lifetime [s]

200

100

-100

QY
S y tune scan

LHC = BBLR
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Interpretations & observations of crossing study

o we found best lifetime for XX crossing,
followed by YY-1 crossing

 3rd best lifetime for pseudo “XY” crossing
e YY-2 lifetime worst; this could be

due to vertical aperture reduction by

y bump at the BBLR

e |lifetime less sensitive because beam-wire
distance larger than in other BBLR studies
(x wire far out)

- it F. Zimmermann, 2004 BBLR MD Results, APC 15.10.2004



several studies still ongoing

emittances & profiles (F. Roncarolo, T. Sen)
1000-turn data (Y.Papaphilippou)

PMT, lifetime & losses (J.-P. Koutchouk, F.Z.)
simulations with FNAL BBSIM code (T. Sen)
more simulations with WSDIFF (F.Z.)
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example of turn-by-turn data
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2mm kicks in both planes, both BBLRs excited Y. Papaphilippou

— indications of coupling, 3rd and 4th order resonances
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LHC = BBLR
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proposal for additional MD

 results from end of last MD promising (better control
of beam parameters, improved stability, optimized
procedure, ‘static BBLRS’, precise BCT)

 new technique for measuring tail populations by
kicking to various amplitudes after wire excitation; we
would like to do systematic measurements

e tune scan not yet done for these stable conditions

e could create a closer ‘XY crossing’ by rotating
BBLR1 (1 hr access, ~3 hr pump down) -

BBLR2-45 on @

beam
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thank you for your attention!
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back-up slides
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LR nominal tune, WA=UZES, WY =27.00
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D.A. [o]

QY scan, different crossings, QX=64.30268, 6=200 prad
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	many people contributing
	early in 2002 a single 1-wire BBLR was installed in the SPS

