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LHC Collimation
y Project

Goals of the 2006 collimator MD’s

(Ralph'’s talk at LCWG, 02/10/2006 + Chiara’s at APC, 13/10/2006) N

LSS5

1. Check and test as much of the LHC collimator controls
infrastructure as possible (low level, medium level, top level with
HW, FESA, logging, ... interfaces).

2. Assess limitations in applied controls approach and understand
areas to be improved (calibration, reaction speed, refresh rates,
safety related info, failures, ...).

3. Beam loss observations with collimators and BLM's (see list): time
response, repopulation, loss maps, collimator jaw BB calibration, ...

4. Impedance measurements of jaws. Higher priority if by-pass effect
can be measured.

TT40

1. Repeat 2004 robustness tests (essentially 5-6 full intensity shots at
depths from 0-5 mm. Plus each 1 shot for 1, 2, 3 batches at 5 mm depth
plus set-up shots at lower intensity.

2. Measure jaw vibrations during and after beam impact (at jaw support
point and jaw middle point = doubles number of shots) as a bacic cross-
check of predictions (not possible in the LHC).

3. Investigate usage of accelerometers and microphones for impact
detection in the LHC (iteration on 2004 results).

S. Redaelli, LCWG 04/12/2006 3



2006 collimator MD’s

S. Redaelli, LCWG 04/12/2006 4



2006 collimator MD’s

¥ SPS-555 MD1 - 31/10/2006 (24h)
Low intensities (1-4 bunches x 1.1 10'p)

S. Redaelli, LCWG 04/12/2006 4



2006 collimator MD’s

¥ SPS-555 MD1 - 31/10/2006 (24h)
Low intensities (1-4 bunches x 1.1 10'p)

M SPS-SS5 MD2 - 07/11/2006 (24h)
High intensities ( [1-4] x 72 bunches)

S. Redaelli, LCWG 04/12/2006 4



2006 collimator MD’s

¥ SPS-555 MD1 - 31/10/2006 (24h)
Low intensities (1-4 bunches x 1.1 10'p)

M SPS-SS5 MD2 - 07/11/2006 (24h)
High intensities ( [1-4] x 72 bunches)

& TT40 test - 09/11/2006 (16h)
Robustness test with LHC injection batch

S. Redaelli, LCWG 04/12/2006 4



2006 collimator MD’s

¥ SPS-555 MD1 - 31/10/2006 (24h)
Low intensities (1-4 bunches x 1.1 10'p)

M SPS-SS5 MD2 - 07/11/2006 (24h)
High intensities ( [1-4] x 72 bunches)

& TT40 test - 09/11/2006 (16h)
Robustness test with LHC injection batch

¥ SPS-SS5 - 15/11/2006 (~4h, parasitic)
Tests of fast BLM acquisitions, 12 bunches

S. Redaelli, LCWG 04/12/2006 4



2006 collimator MD’s

¥ SPS-555 MD1 - 31/10/2006 (24h)
Low intensities (1-4 bunches x 1.1 10'p)

M SPS-SS5 MD2 - 07/11/2006 (24h)
High intensities ( [1-4] x 72 bunches)

@ 11740 test - 09/11/2006 (16h)
Robustness test with LHC injection batch

M SPS-SS5 - 15/11/2006 (~4h, parasitic)
Tests of fast BLM acquisitions, 12 bunches

This meeting: Focus on MD1 and MD2 with circulating beams.
Other topics discussed in later meetings.
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SPS-SS5 MD1 - 31/10/2006
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SPS-SS5 MD1 - 31/10/2006
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SPS-SS5 MD1 - 31/10/2006

Beam-based alignment; beam tail studies

(Chiara’s talk)
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SPS-SS5 MD1 - 31/10/2006

Tune shift from collimator impedance (imag. part)
(Elias’ talk)

Beam-based alignment; beam tail studies
(Chiara’s talk)
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SPS-SS5 MD1 - 31/10/2006

Tune shift from collimator impedance (imag. part)

Beam-based alignment; beam tail studies (Elias’ talk)
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SPS-SS5 MD2 (07/11/2006)
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SPS-SS5 MD2 (07/11/2006)
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SPS-SS5 MD2 (07/11/2006)

Beam-based alignment; BL studies; tail
re-population vs. tune (Chiara’s talk)

Total beam current [ 10’ 2p ]
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SPS-SS5 MD2 (07/11/2006)

35

Beam-based alignment; BL studies; tail Non-linear
re-population vs. tune (Chiara’s talk) bumps\
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———— LHC Collimation
y Project

SPS-SS5 MD2 (07/11/2006) &

Beam-based alignment; BL studies; tail  Non-linear ~ Growth of instabilities from.co!limator
re-population vs. tune (Chiara’s talk) bumps impedance - real part (Elias’ talk)
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TT40 robustness test
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TT40 robustness test
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TT40 robustness test
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TT40 robustness test
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TT40 robustness test
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LHC Collimation
y Project

TT40 robustness test
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LHC Collimation
y Project

TT40 robustness test

ExtraPoc Dataviewer -- BCTFITT40:400344: TOTALINTENSITY:EXTR1
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Robustness test carried out successfully: No indications of damage; detailed inspections
after Jan. 2007 to measure permanent jaw deformation.

Systematic studies of jaw vibrations induced by impacting beams: laser vibrometer
[R. Wilfinger], accelerometers and microphones [S. Redaelli] = dedicated LCWG later on
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LHC Collimation
y Project

Studies of transient beam losses

Parasitic measurements during
H. Burkhardt scraper MD (15/11/2006)
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 Transient BLM data from post-mortem buffer:
T=32x2.56ms~80ms, triggered by jaw movements

» Acquisition successfully set-up!
(It did not work during MD1 and MD2)

» Detailed results to be presented D. Kramer
and C. Zamantzas
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Beam measurements
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Beam measurements

Requirements for the SPS test with circulating beams
(S.R., APC of 13/10/2006)

* Dedicated BLM'’s close to the collimator. Position and temperature survey
e Fast monitoring (20 ms) of losses around the ring (BLRING)

 Beam current measurements (slow + fast). Beam lifetime measurements
* Emittance measurements (wires)

* Measurement of closed-orbit.-teeal3C-bumpstoraperture-seans
 Collimator impedance: BBQ, 1000-turn BPM, LHC BPM —See Elias’ talk

* + bunch length measurements by T. Bohl (report in future meetings)
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LHC Collimation

Dedicated collimator controls
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Dedicated collimator controls

Setting panel
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LHC Collimation
Project

Beam loss monitoring around the ring

SS5 collimator
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LHC Collimation
» Project

Beam loss monitoring around the ring

SS5 collimator
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LHC Collimation
» Project

Beam loss monitoring around the ring
L S, Cer=rt
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LHC Collimation
» Project

Beam loss monitoring around the ring
L S, Cer=rt
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LHC Collimation
» Project

Beam loss monitoring around the ring
oo oo COMmater "} Fastlosses at 50Hz
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- Integrated losses v / S 250F
300 - s L
L (~25secC) : R
5 250 F . 161
A B ) __ 14+
T 200 3 12}
% [ 30
1 150F S :
'-2 ; = 25F
T 100} =z — |
= : T 3 o0k
50 =R
- % 15[
b | & I
oc L
5
|

0 5 10 15 20 25
Time [s]

» Faster acquisition will allow more detailed comparisons with simulations
» Collaboration with LHC-ion team for benchmarking of ICOSIM (R. Bruce)
- More studies for losses with non-linear bumps (with R. Tomas, J. Resta Lopez)
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LHC Collimation
v Project

Current bwsh51395.rot EV:0x21a70302 SC:47202 HV:980 Mode:LHC 3ba_3 08/11706 05:43:02
IN profile W
-9356.336 Position{um 4725.2196 O-COH — o S — 6 1 7 (m
Ctime 326 ms

Mean -1.875 mm
Sigma 1.143 mm
Horm 16674
Ampl 643

Offst 65

Ace length 911

H - potm.

Da 422241  5.000 dy 426.738 Cu A77.51 431.798 pl_pr IN

OUT profile
-17366.37 Position{um 164407

Ctime 1926 ms
Mean -7.666 mm
Sigma 1.167 mm
Morm 16866
Ampl B34

Offst 65
AcqJength 902

H - potm,

O'WS

Da -0.15e+04  0.000 dy 677.944 Cu -0.57e+03 677.944 pl_ L OUT
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LHC CQllfmc::E_::
\o/

b S

Beam profile measurements

Gurrent bwsh51995.rot £V:0%21a70302 SC:47202 HV:380 Mode:LHC ba_3ga 0611706 05:43:02 24.9
o450 336 Position{um 4725.2196 O-COH — I X g S — 0617 (m
Ctime 326 ms

85.5

Mean -1.875 mm
Sigma 1.143 mm
Horm 16674
Ampl 643

Offst 65
AceJength 911

H - potm.

250 T I T T T T ‘ T 1771 ‘ T T 7T ‘ T 1T 1T [ T 7T 17T 1T 7 7T 17T 17 T 1T
| | - BCT data 4
- = = Exponential fit| |

200

Da 422241  5.000 dy 426.738 Cu A77.51 431.798 pl_pr IN

OUT profile
-17366.37 Position{um -1644.407
Ctime 1926 ms
Mean -7.666 mm
Sigma 1.167 mm
Morm 16668
Ampl B34

Offst 65
AcqJength 902

-
(o)
o
-
|||

-

o

o
T
[

boqlengt - x,=-153.15um = 3.33 um % :
- 0X=625.12 um = 1.92 um % -

oW ~ 1.14mm oo N

Da -0.15e+04 0.000 dy 677.944 Cu -0.51e+03 677.944 pl it OUT i f f f f f f ’%% ]
0 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Jaw position [ mm ]

Beam current | 10'° ]
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Current bwsh51995.rot EV:0x21a70302 SC:47202 HV:980 Mode:LHC_3ba_3ga
IN profile
-9356.336

Ctime 926 ms
Mean -1.875 mm
Sigma 1.143 mm
Horm 16674
Ampl 643

Offst 65
AceJength 911

H - potm.

Position{um

061106 05:43:02

A725.2196

Da 422241  5.000 dy 426.798

OUT profile
-17366.37

Clime 1926 ms
Mean -7.666 mm
Sigma 1.167 mm
Morm 1666
Ampl B34

Offst 65
AcqJength 902

H - potm.

O'W

Position{um})

S ~ 1.14mm

.

Cu A77.51 431.798 pl_pr IN

164407

Da -B.15e+04 0.000 dy 677.944

Cu -0.57e+03 677.944 pl_ L OUT

Beam current | 10'° ]

Beam profile measurements

LHC Collimation
v Project

[24.9
O'COH: % XO'WS 2617,um

250

-
(o)
o

-
o
o

200

50

T T T 7T T 7T
= BCT data
- - = Exponential fit| |

%
&%
******* x =-153.15um=3.33um % i
o, = 625.12 um = 1.92 um %&
1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 IM 1 |
3.5 -3 25 2 1.5 1 0.5 0

Jaw position [ mm ]

- Fast beam current measurements (100 Hz) compared to wire measurements
» Get beam size and centre = Assessment of beam based alignment!

(see talk by T. Weller + SR at LCWG of Jan. 2005)
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LHC Collimation
v Project

Beam profile measurements

Current bwshd1395.rot EV:0x21a70302 5C:47202 HY:980 Mode:LHC 3ba_3ga 06106 05:43:02 24 9

It gl Coll : WS

-9356.336 Position{um 4725.2196 e - — 6 7

Ctime 926 ms O- >< 0- 1 /’L m
Mean -1.875 mm 85 o 5

Sigma 1.143 mm

Horm 16674
Ampl 643
Offst 65
AceJength 911
H - potm.

250

T T T 7T T 7T
= BCT data
- - = Exponential fit| |

200

Da 422241  5.000 dy 426.798 Cu A77.51 431.798 pl_pr IN

OUT profile
-17366.37 Position{um} -1644.407
Clime 1926 ms
Mean -7.666 mm
Sigma 1.167 mm
Morm 1666
Ampl B34

Offst 65
AcqJength 902

H - potm.

O'W

-
(o)
o
|
|

-
o
o

|
|

Beam current | 10" ]
S

S ~ 1.14mm

5O i&% —

. cemmtetey i f f f f f f : ]

Da -0.15e+04 0.000 dy 677.944 Cu -0.51e+03 677.944 pl it OUT i f f f f f f ’%% ]
0 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Jaw position [ mm ]

- Fast beam current measurements (100 Hz) compared to wire measurements
» Get beam size and centre = Assessment of beam based alignment!

(see talk by T. Weller + SR at LCWG of Jan. 2005)

S. Redaelli, LCWG 04/12/2006 12



Bunch-by-bunch current measurements

-IEI:II:I- IIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII IIII-

B 1000
a00|-
500

ano |-

=ingle bunch intensity [ 10 9 P

00|

|:| |
260 280 200 320 <0 J60
Eunch number
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LHC Collimation
y Project

Bunch-by-bunch current measurements >

1200 S S S S e 1200
B 1DDD}- { rﬁ 1DDD:
anu} { BDD:
anu: EDD:

=ingle bunch intensity [ 10 9 P
single bunch intensity [ 10 8 P

400} 400}
200} 200}
0 ! 0
260 280 200 320 <0 J60 ZhB0 280 200 320 <0 J60
Eunch number Eunch number
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Bunch-by-bunch current measurements

2006-11-08-05-00-16

1500

1000 -

- -

500 -

1500
1000}

500 |-

O PR RRTURT S NT T T S
260 270 280 290 300 _,.310,,,.320.., 330 340 350 360 370
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1200
ﬁ muu:
BIIIIII:
EIIIIII:

ano|

single bunch intensity [ 10 8 P

00|

280 200 320 <0 J60
Eunch number
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LHC Collimation
» Project

Bunch-by-bunch current measurements

2006-11-08-05-00-16

1500

1200

1000 -

_ 1000}

- -

500 -

1500

1000}

single bunch intensity [ 10 8 P

500 |-

0
20 280 200 220 240 a0

O PR RRTURT S NT T T S
260 270 280 290 300 _,.310,,,.320.., 330 340 350 360 370 Eunch number

- PRELIMINARY results from studies of beam instability from chromaticity + gap
changes. Bunch tail ONLY is affected by collimator jaws!?

- Require more detailed studies (synchronization to collimator movement, value of he
chromaticity, ...)

« Fast current data available for both MD!
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Conclusions

[4 Collimator tests with beam were very successful!
- Basic goals have been achieved!
- More detalls in the next presentations...

[4 Beam measurements significantly improved w. r. to 2004!

- Main beam parameters systematically monitored

(Beam size (WS), beam current, beam centre during scraping, ..
Slow and fast beam loss monitoring around the ring!
Fast beam current measurements, potentially interesting

for impedance studies?

[A A lot of data is available to have fun during the shutdown!
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