—— Observation of losses and instabilities

@ during collision

X. Buffat on behalf of the BBWG and G. Arduini

= Lifetime during PHYSICS beam process
= Fill 2533 to 2536

= Instabilties during stable beam
= Fill 2488, 2535



X' PHYSICS Beam Process ‘.

= Collapse separation
bumps

- = Increase VXing Iin
—— “ IP8

= Simulatenously

IP8 Xing Separation

= Remove HXing in IP8

= Go head on
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Llfetlme during PHYSICS BP . .»
= Many things changed BP

since last year
= B* (IP1,5 and 2) ‘

~ Last physics fill in 2011
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File Control Help

Macl R" e

[ views |

Select optic: :| B1b922 [04/03/12 11:45:38]

Legend
B1b922
B1b995

AOB0CO80A200L200_THIN
A110C110A200L200_THIN
A200C200A200L200_THIN
A350C350A350L350_THIN |
AD35C035A1000L1000_THIN ; 0.337
A1100C1100A1000L1000_THIN
ADS5C0S5A010L0S0_THIN
A150C150A10001L300_THIN

el | /I sep = 0.65 mm . ,
P Full LR in IP2 (most bunches)

In all IPs _
x, No LR in/IP2

0.327

Qy

Collisions :
0.315

1Pl P2 1IPa Ir8

Selected collision configuration :

State [on,/off] on
Half Hxing [prad] 0.0
Half ¥Xing [purad] [90.0
Half Hsep [mm] 0.0
Half ¥Wsep [mm]  [0.65
Spectr. Pol. (21} (1.0

0.31

0.3057

0.39

B (03 ’—1 : T T T T T T T T T
am number # E 0.275 0.28 0.285 0.29 0.295 0.3 0.305 0.31 0.315
Slot humbers € [0;3564] : i Qx

[822 985 |
| E Resonance lines Remove footprint

| Run simulation

11:45:38 - Tracking jek dene 14 4




Footprint with

Intermediate /] separation

File Control Help

Beam Machine | Track

Select optic:

ADS0COE0AZ00L200_THIN
A110C110A200L200_THIN
A200C200A200L200_THIN
A350C350A350L350_THIN
ADS5C055A1000L1000_THIN
A1100C1100A1000L1000_THIN
ADS5CO55A010L050_THIN
ALS0C150A1000L300_THIN
AL00C100A1000L300_THIN
AL00C100A100L300_THIN
AD60CO60A300L300_THIN

Collisions :

1P P2 L P8

Selected collision configuration :

State [on/off] on
Half H¥ing [urad] 0.0
Half Wxing [urad] [20.0
Half Hsep [mm] 0.0
Half Wsep [mm] |0.125
Spectr. Pal. (1) |1.0

Eeam number: 1

Slot numbers € [0;3564] :

[s22 |

| Run simulation ‘

| EViewsJ|

| B1b995 [07/05/12 11:36:06] :

0.335 T egend
— B1b995

B1b922

0.334

0.3259

30 sep

0.324

Qy

0.3159

0.31

0.305

0.3

T T
0.293 0.3 0.303 0.31

Resonance lines

Remove footprint

11.36:08 - Tracking jok dons




Footprint with

Intermediate /] separation

File Control Help

Beam | Machine | Track E|@Viewsvl| [m]=]=e]

Select optic: | B1b922 [07/05/12 16:10:39]
0.335 T emeng
ADS0CO§0A200L200_THIN i — Bib9zz
A110C110A200L200_THIN : B1b995
A200C200A200L200_THIN :
A350C350A350L350_THIN
ADSSCOS5A1000L1000_THIN !
A1100C1100A1000L1000_THIN | 0.337
ADS5COS5A010L050_THIN |
A150C150A1000L300_THIN
A100C100A1000L300_THIN

AL00C100A100L300_THIN 20 Sep

ADGOCOG60A300L300_THIN | nazs

0.32

Qy

Collisions :

IPL P2 IPS

0.315+

Selected collision configuration :

State [on,off] on 3
Half Hxing [urad] [0.0 | &5
Half Xing [prad] [30.0 3

Half Hsep [mm]  [0.0
Half Wsep [mm]  [0.084
Spectr. Pol. (£1) (1.0

0.3054

0.3

Slot humbers € [0;3564] :

B ber: 1 : T T y ‘ u T : : ‘ ;
eam number : 0.275 0.28 0.285 0.29 0.295 0.3 0.305 0.31 0.315 0.32
|

[922,995

- - | Resonance lines Remove footprint
| Run simulation ‘ 8

15:10:30 - Tracking jok dowe P 6



Footprint with

Intermediate /] separation

File Control Help

5 e
Beam | Machine | Track : | @Viewsvh [m]=]=e]
; -
Select optic: ;| Blb922 [07/03/12 12:08:13] - ———
0.335 T egeng
AODS0CO80A200L200_THIN | — Bib322
A110C110A200L200_THIN B1b395
AZ200C200A200L200_THIN :
A350C350A350L350_THIN
ADS5C055A1000L1000_THIN 2
A1100C1100A1000L1000_THIN : 0.337
AD035C055A010L050_THIN A
A150C150A1000L300_THIN
AL100C100A1000L300_THIN ;|
AL00C100A100L300_THIN 0 S e p
ADGOCO60A300L300_THIN | 03254
0.32 [ ]
=
Collisions : : 0.3157
1Pl P2 IPS P8
Selected collision configuration :
State [on,off] on 0.317
Half WXing [urad] [-90.0
Half Hsep [mm]  |0.042
Spectr. Pal. ¢ 1) |-1.0
0.3051
0.3
Bearm number: 1 ! ! ! J ! ! ! ! ! !
Q ! 0.275 0.28 0.285 0.29 0.295 0.3 0.305 0.31 0.315 0.32
Slot numbers € [0;3564] : : ox
[822,995 |
3 Resonance lines Remove footprint
| Run simulation It




Footprint with

Intermediate /] separation

Beam-beam tune footprint viewer

File Control Help

Beam | Machine | Track | @Viewsv" [m ] = ]EE]
: —
Select optic: | B1b922 [(07/05/12 12:35:28 o
0.335 egend
AUS0CO80AZ00L200_THIN : — B1b922
A110C110A200L200_THIN ; B1b995
A200C200A200L200_THIN ;
A350C350A350L350_THIN
ADS5C055A1000L1000_THIN :
A1100C1100A1000L1000_THIN d 0.337
A055C055A010L050_THIN :
A150C150A1000L300_THIN .
A100C100A1000L300_THIN ;
ALODCLO0AL00L300_ THIN | O 7 5 O' Sep
AD60C060A300L300_THIN : 0.3254 "
0.32 [
&
Collisions : 0.3137
IPL P2 IP5 1P
Selected collision configuration :
0.31
State [on/off] on
Half wXing [prad] [-145.0
Half Hsep [mm] |0.0135
0.305 //
0.31
B ber: P T T T . T T T T ; ;
am number T | : 0.275 0.28 0.285 0.29 0.295 0.3 0.305 031 0315 0.32
Slot numbers & [0;3564] : : Qx
[222,995 [
2 Resonance lines Remove footprint
| Run simulation ‘ :

12:35:28 - Tracking jok dore ‘ 8



File Control Help

Footprint with

Nno separation

Beam-beam tune footprint viewer

Beam

Beam nurnber 2

Eearm energy 4000.0
Particle mass 0.938272
Particle charge 1.0
Bunch length 0.077

Fel. energy spread |1, 1E-4

Injection scheme  |S0ns_1380bL_13..

Bunch intensity 1.3E11

Marm. H emittance |2.5E-&

Marm. ¥ emittance 2.5E-6

[_] Get Intensity from logging DB

[, views ||

BB [m [= 2] Gl ] more | k(B

Beam number : 1

Slot numbers € [0;3564]:

[822,995

| Run simulation

| B1b922 [07/05/12 16:12:57] 555 G DT

1 legend
0.333 — B1b922

— B1b995
0.331
Full LR in IP2
0.324

&
0.31541
0.31+1
0.30541
| |
0.27 0.28

Resonance lines

Remove footprint

181257 - Tracking jek done




File Control Help

Beam-beam tune footprint viewer

El [ B2

Beam [ Machine [ Track |

[ views |

=

Mor |

B

Eearn humber 1

Eeam energy 4000, 0
Farticle mass 0. 938272
Farticle charge 1.0
Bunch length 0.077

Rel. energy spread

1.1E-4

Injection scheme

50ns_13800_13

Bunch irtensity

1.2E11

Marm. H emittance

2.5E-6

Morm. % emittance

2.5E-6

[[] Get Intensity from logging DB

Qy

Eeam number:

Slot numbers € [0;3564] :

—

:| Blb0 [04/05/12 10:4<:11]

Legend
[— BIbD

— B1b935
~—— Blb816
~—— B1b922
—— Blb1316

0.337

0.3257

0.324

0.315

0.31

0.3057

No sep

Full LR in IP2

HO in

IP1,5 and 8

HO in IP8

LR in IP2

T
0.273

T
0.28

T
0.283

T T T
0.293 0.3 0.305 0.31 0.313

|o,8186,922,995,181

B

| Run sim

ulation

Resonance lines

Remove footprint

10:44:11 - Tracking jok

dene

10



Loss rates

Fill 2535 Fill 2536

‘ .
— No LR in IP2 (29b) 140/ | — NoLRinIP2 (29b)
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LR in IP2 are no longer negligible compared to
IP1 and 5 (smaller B* and Xing)

=—>Most footprints are shifted up

= Increase of losses
= Effect very worse for selected bunches

= Can be cured by opening Xing in |IP2
= 150 urad (ok with aperture, R. Bruce)

= An Improvement is expected with optmimized
tune, easy to test 12



IP2 Xing

Beam-beam tune footprint viewer
Fi Control Help

[‘Beam [ Machine | Track |

@, views | [ [m [ =]E]
E1b993 [04703/12 16:52:27] =

0.335__ Legend
— ELb395
— B1b995_1
—— Blb995_2

More _|

Select optic:

ADS0CO80A200L200_THIN
AL110C110A200L200_THIN
A200C200A200L200_THIN
A350C350A350L350_THIN
ADS5C055A1000L1000_THIN
A1100C1100A1000L1000_THIN
ADSSC055A010L0S0_THIN
A150C150A1000L300_THIN
AL00C100A1000L300_THIN
AL00C100AL100L300_THIN
ADG0CO60A300L3I00_THIN

0.33

0.3257

0.32

Qy

Collisions :

IP1 P2 IPS P8
0.3159

Selected collision configuration :

State [onfoff] off
Half WXing [prad] |[-150.0
Half Hsep [mm] 0.0
Spectr. Pol. {1y 0.0

0.31

0.3057

Eeam number : 1

Slot numbers € [0;3564] :

0.27

|o9s

Resonance lines

Remove footprint
| Run simulation

16:52:27 - Name [B1b805_1] zlveady exists




—— Observation of losses and instabilities

@ during collision

X. Buffat on behalf of the BBWG and G. Arduini

= Instabilties during stable beam
= Fill 2488, 2535

14



@ Levellmg test (2433) jzz

N T | | Leveling Test:

- e e | '";'_'*‘;";;"”‘*—*;:_i=f——= ——Machine Experience
Preliminary Resullts,

T. Pieloni,

- LBOC 17.04.2012

R

i ) \ |
1 1.5 2

= No optimization in IP8

= Not caused by an orbit change

15

= Cause Is unknown



= A priori no relation

with levelling
B1H

= Selected bunches
are unstable

— BIH|]
— BLV
— B2H
— B2V

Time

BBQ amplitude.

~ Tune spectrum



<) Collision group

= The collision pattern of

some bunches are very <«

simple

= These are the ones
losing

HO Group size

=
o

= Beam-beam coherent

w
L=

N
=

0

50ns_264b_249_0_240_36bpisinj

motion are not excluded

0 500 1000 1500 2000 2500 3000
Slot number B1

= The spectrum of individual bunches will be
Investigated using the damper pickups

17




Time

Length scale calibration FE,

= Beams went
unstable when
moving IP1 to 2.50

Time [min from 2012-04-19 21:04:00.047]

B1H
B1V
B2H
B2V

A 140000

120000

100000

80000

Amplitude

60000

40000

20000

BBQ amplitude

18

%825 . . 0.28 0.29 0.30 0.31

Tune spectrum




A Loss pattern 80

fil 2535 - beam 1 - 1380 buring G, Papotti

= Few bunches are
unstable

0o ©

total losses [%]

= They collide together \ i

= Nothing different I e | s
from other stable | o
bunches

total losses [%]

0 500 1000 1500 2000 2500 3000 3500
bunch slot [25 ns]

19



X

_ 30 0.75 Us
= Repeating pattern
suggest that two
bunches may be
unstable N 110

. N 1 | HARIN

- The |nStab|||ty |S 310320 330 340 © 350 © 380 370
transmitted to others X
via BB =
= Any idea welcome

[ ‘I| | ‘ |”.. hl ||| | ©

q.200 1210 1220 q1230 1240 12508, T260r = 1270

mbe



LaSn,

‘: Avoid Iinstabilities during stable beams “?;»);

= By trying to cure the problem :
= Open Xing in IP2
= Optimize the working point

= By hiding the problem :

= Increase damper gain

= Note : for a better unserstanding, we should
avoid to do all at once...

21
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