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@ﬂ Introduction

Squeeze:
Change of optics done in the experimental regions to reduce the beta
functions at the interaction points (3°x, B’y) and increase luminosity.

7 TeV design for IP1/IP5: Bfinj = 11 m = B'con = 0.55 m = 20 x in luminosity

The squeeze is particularly critical:
- Performed at top energy (highest damage potential)
- Reduces the machine aperture (triplets become the bottlenecks)
- Imposes tighter tolerances (orbit, optics, collimator settings, ...)
- Requires function-based settings

B beam Tevatron quench statistics, 2007-09
30 —
: nfa
A squeeze test with beam was performed at the 25 controls —]
end of the 2009 run to test the squeeze 20 | ™ component ]
. . O
mechanics and see the first beam results. 15 powEr
cryofvacuum
This beam test was “squeezed” iIn < 2h so itis 10
by far NOT complete... ST e
L : 0 1 —mmm BN 0 BN _
On the other hand, we got first interesting results
1 . . \\\ \F\ It ~ O \‘
and important feedback on the available tools! & & ¢ & RN
N N u\-\\ \\\ R
N \,\“- . \\\ QQ
& & Q" A Valishev, PAC09
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) Squeeze in the controls system

Beam Processes

4 Parameter selection - LHCRING

_NON_MULTIPLEXED_LH( " System Type Groups Pari
DISCRETE_LHCRING_INJ_KICKER_V1 " LHCINJKICKERS [a] [K & (KQY.LBBLT

SQUEEZE_STeV_IR5_V6_V6 LHCb/ Comp _« | [=] DONLEDY
CollimatorinjectionBP_V1 =] |ls ¥ |IREF v | Sel

Show hidden Select All | Select All Hierarchy

Setting part: '® Value Target Correction ‘ Trim History Time base: ® SuperCycle Cycle/Beamprocess Injection
Displayed Function: RQ10.L5E1/l, RQ10.L5B2/1, RQ10.RSE1/l, RQ10.RSB2/1, RQ4.L5B1/l, RQ4.L5B2/I, RQ4.RSE1/I, RQ4.R5B2/I, RQS5.LSE1/1, RQ5.L5B2/1, RQ5.R5E1/|, RQ

ABP matched optics

|
(14 b b - . .
Squeeze “beam process” in LSA 806 X Optic Table Editor
3500 .
Optic Name Energy Time arabolic Fraction
L A1100C1100A1000L1000P_IN]  [5000.0 o/f.o
30001 —A1100C1100A1000L1000P_IRS  [S000.0 209|§.047878
~——— A1100C1100A1000L1000_IRS  [5000.0 231|4.308478
AL100CI00AL000L1000 5000.0 312/ 10033
- A1100C700A1000L1000 5000.0 395/ 097534
o] A1100C500A1000L1000 5000.0 479|§.096855
AL100C400A1000L1000 5000.0 536(4.173941
AL100C350A1000L1000 5000.0 560/§330357
LT AL1100C250A1000L1000 5000.0 599/ 210644
e ST A1100C200A1000L1000 5000.0 631/4.203919
- RO10R5B2/1 AL100C150A1000L1000 5000.0 665§ 26938
o O A1100C110A1000L1000 5000.0 766|§.099674
el A1100C80AL1000L1000 5000.0 835/4. 120635
~ ROS.SBIN A1100C65A1000L1000 5000.0 912|4. 102405
15001 et AL1100C55A1000L1000 5000.0 1033/§.063386
~= RO5.R58B2/1
—— ROB.LSBL/1 —
RQG.L5B2/1 .
~+— ROBG.R5B1/1
| = iwss | Current settings for
=
- - L5821 .
—— ROZ.R5B1/1
—wsnn | the quadrupoles in ] ~
=~ ROB.LSB1/1 . o
| s RS for a squeeze at Round-off point o
. :g:nss:m 116 ———
- LL5B1 /1 . T
“':2:'}‘225,'. 5TeV: | [A] VS t [S] [P S
- ROS.R5B2/1 115.8 - A
0 200 400 60
115.67
t = 655s
115.4 B* 15
=1.om
115.2
I 1 1 1 1
655 660 665 670 675
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) Stopping at matched optics

—| Fixed Graph - monitoring SUB_51 for 2 devices : RPHGB.RR57.RQ5.R5B2/SUB_51 ... Lol
Write commands Parameter Yalues
* I I REF.RUN “ | lParameter Type IREF
. B'=11m Q5-R5 current settings vs time [fsh e
. SWITCH POLARITY Parameter Type IREF_MNESTED
P REF TYPE Segment Start Undefined
2600 - : N 9 SET EVENT GROUP 1
: : . — m SET MODE.OP Segment End Undefined
) ) S~ P \ FGC2.FAULTS
Q' ' Q P IREF
INJ coll S . POL_SWITCH.STATE
B — 7 m REF.ABORT
2500 A ‘ \ REF.ABORT_PERIOD |
R* — 5 Execute write
—| Fixed Graph - monitoring SUB_51 for 2 devices : RPHGB.RR57.RQ5.R5B2/SUB_51 ... ==
2400 2650 B* = 11 m
Legend E E E \
—— RPHGB.RR57.RO5.R5B2/SUB_517#_REF H S 2 N\
—+— RPHGB.RR57.RO5.R5B1 /SUB_51#_MEAS S . a |\ )
-~ RPHGB.RR57.RO5.R5B2/SUB_51#_MEAS
-~ RPHGBRR57.RO5.R5B1/SUB_51#_REF 2600
Legend
2300 4 —— RPHGBRR57.R05.R5B2/SUB_517_REF
||| [ A R
Goal for Standard Operatlon - RPHGBRRS7.R05.R5B1 /SUB_51#_REF
Continuous run through
. . 2500
matched points, without stop.
2200 *
, | -| 2450 (B -
14:16 14:17 14:1

Required for commissioning!
First implementation and tests without

beam done this summer (S. Redaelli and
G. Kruk at the LHCCWG of Aug. 4th, 2009).

2350

2001 Beam commissioning:
Stop at intermediate

_ matched points for
Worked well for the first beam tests! adjustments!

2200

2250 A

1 T T
12:26 12:28 12:30
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2010 optics requirements o)

see also talks by Werner (S3) and Massimo (S6); LHC-OP-ES-0020 rev. 1

Required preparation in LSA (Beam Processes, BPs):

[3inj B min

IP1/1P5 11m 2m
P2+ 10 m 3 m
IP8+ 10 m 2m
IP5-TOTEM| 11 m 90 m

* No pre-squeeze required for 2010.

Status:

- Ramp with injection optics — 1BP
- Squeeze one IP at a time (commissioning) — 4 BPs
- IP1 and IP5 together to "'min — 2 BPs
- IP2 (IP8) with IP1 and IP5 at *'min — 2 BPs
- IP8 (IP2) with IP1, IP5 and IP2 (IP8) at f'min — 2 BPs
- TOTEM un-squeeze in IP5 — 1 BP

TOTAL of 12 beam processes with up to 30 optics each!
{without taking into account the associated “ACTUAL"” BPs!}

- All optics from ABP available and imported in the LSA database for latest layout of 2009
Need to update them due to changes at the end of last year!

- Current settings tested with the power converters in simulations (except for IP2)

- The import into LSA highly automated within MADX-online

- Setting validation also available in MADX-online:
Import and check knobs; verify K values calculated by LSA; check database optics

- TOTEM optics available since Oct. 2009 and not yet tested

S. Redaelli, LHC Beam WS, 19-01-2010
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Setting checks with MADX online

DataBase Optics = Setting Extraction

Repository Data

StandAloneEeamProcess
Filter: \9) |
INJ-TEST-NB_V1@0_[START|_1809(~
IN)-TEST-NB_V1@0_[START]_clone-
INJ-TEST-NB_V1@1
INJ-TEST-NBE_clone-110908
INJ-TEST-NB_clone-180908
INJ-TEST-S78_V1
INJ-TEST-S78_V1_Clone
INJ-TEST_V1
INJTEST-ramp-5TeV_V1
NOM-RAMP-3.5TeV_V1
NOM-RAMP-3.5TeV_V1@0_|START)
NOM-RAMP- 3.5Te\:’_V1@1020_[EMf |
NOM-SQUEEZE_1180GeV_IPS_V1
NOM-SQUEEZE_1180GeV_IPS_V1@1
NOM-SQUEEZE_ 3.STeV_IP1+IPS_FU]
NOM-SOQUEEZE_3.5TeV_IP1+IPS_V1|
NOM-SQUEEZE_3.5TeV_IPS_V1
NOM-SQUEEZE_450GeV_IP5_V1 —
PGC_TEST
PGC_TEST@0_|START)
PRECYCLE_3500GeV
PRECYCLE_3500GeV@0_[START)]
PRECYCLE_3500GeV@0_[START_Fil
PRECYCLE_3500GeV@0_[START]_Fil
PRECYCLE_3500GeV@0_[START]_Fil
PRECYCLE_3500GeV@1000
PRECYCLE_3500GeV@1400
PRECYCLE_3500GeVa@q00
RAMPDOWN_PRECYCLE_COMBO J

RAMPDOWN_PRECYCLE_COMBO20
RAMPDOWN_PRECYCLE. COMBO®0
RAMP_1.1TeV-ions_V1
RAMP_1.1TeV_Clone_301009
RAMP_1.1TeV_V1

DAIMD 1 1TaV V1N ISTART }"‘
4 z

»
| Show hidden

Show SelectionPanel

" LHC_fromExtraction.madx = Data: | Plot | LSA-SetBxtrPlot | Plot | Plot [Profiles LHC B1] |

[Bviews | R m 538 5 B More | A8
NOM-SQUEEZE_3.5TeV_IPL+IPS_FULL_ V1 [18/01/10 13:31:39) g &
3501 T— , : — — , ‘ , 1152 65
“\ ; Check optics in the beam process
3500.8- ! + :  ——-e— —— s + : L1038 6441 F2.16
o - M * o~ -t IS Sl M M M )
3500.6- : 1923 1638 212
3500.4 - : : —r—t—T— - ; : -8.09 63.21 .08
b= : : S D GG S \ : :
35002-3 g [ BB BB ‘ ' 6.93 62.6 .04
“BE 3 3 g[8 B 8B g g Rl > = :
-l §l M.I - IL‘ h.l u‘ IL' ll.' - lb‘ u" lb.
2 S g g g B8 B 1B B g E g
- = § pr} pr} d | | p - - = 1= = =
£ 3s5008|{2 1k 8 g—8H8 18 8 18 —8 g 8578 &6 ;
g 2| |2 = z = =z & [ [= S S S
8| [£ g 8 gl RIE B 8 B < 2
= g ) o oll3] 18] |18 g 8 bl o
o
3499.8-% 3 g. g. § § g g §. 4 3 § §r4.6~4 6141 [1.96
3499.6 i i — Lo : i 348  [60.8 192
3499.4- b N 1234 6021 188
3499_2-! : : : : : : : T : : L1.18 506 1.84
: : BB i
1 Y Y Y ' Y Y Y ———
3499 T : T : T — T : : T : l‘ I T r0.03 =) 1.8
0 100 200 300 400 500 600 700 800
Time
ExtractionTime: 168.416:—ﬁ{ |_Snap to Matched Points ’ Check Paramter » val : | Extract to File Extract to Plot
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Setting checks with MADX online

DataBase Optics = Setting Extraction
Repository [ Data

StandAloneBeamProcess
Filter: |
INJ-TEST-NB_V1@0_[S1
INJ-TEST-NB_V1@0_[S1
INJ-TEST-NB_V1@®1

LHC fromExtraction.madx ~ Data: | Plot | LSA-SetE

[@views | B m =588 G B More | 2

Check optics in the beam process

NOM-SQUEEZE_3.5TeV_IP1+IPS_FULL_ V1 [18/01/10 13:31:39]

INJ-TEST-NB_clone-18

INJ-TEST-NE_clone-11 ") ye fromExtraction.madx | Data: | Plot

LSA-SetExuPlo

INJ-TEST-S78_V1
INJ-TEST-S78_V1_Clon
INJ-TEST_V1 o4
INJTEST-ramp-5TeV_V 350
NOM-RAMP-3.5TeV_V]
NOM-RAMP-3.5TeV_V1
NOM-RAMP-3.5TeV_V1
NOM-SQUEEZE_1180Gi
NOM-SQUEEZE_1180G¢
NOM-SQUEEZE_3.5TeV, 300
NOM-SOQUEEZE_3.5TeV
NOM-SQUEEZE_3.5TeV
NOM-SQUEEZE_450GeY
PGC_TEST
PGC_TEST@0_|START)]
PRECYCLE_3500GeV 4
PRECYCLE_3500GeV@0, 250
PRECYCLE_3500GeV@0)
PRECYCLE_3500GeV@0
PRECYCLE_3500GeV@0
PRECYCLE_3500GeV@1
PRECYCLE_3500GeV@1;
PRECYCLE_3500Geva@q 200 -
RAMPDOWN_PRECYCLE
RAMPDOWN_PRECYCLE
RAMPDOWN_PRECYCLE
RAMP_1.1TeV-ions_V1
RAMP_1.1TeV_Clone_3(

RAMP_1.1TeV_V1
BAMP 1 1TaV V1N 1€ 150 -

J
Show hidden

BETY

Show Selectior

100 -

—+— BETX - bet7-blifs

~+ BETY - bet7-b1xfs
BETX - LHCZLHCRINGFALI100C700A1000L1000_FLAT#B1
BETY - LHCELHCRING=A1100C70021000L1000_FLAT*B1

S04

-~

& 6 |

ABP and madx runs

e

Y 7%

- . ¢
.

Compare LSA optics tables with nominal

Ll L
13100 13200

S. Redaelli, LHC Beam WS, 19-01-2010
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@)| Setting checks with MADX online

DataBase Optics ~ Setting Extraction LHC _fromExtraction.madx = Data: | Plot | LSA-SetE

| e mwes s = NECK Optics in the beam process
StandAloneEeamProcess NOM-SQUEEZE_3.5TeV_IPL+IP5_FULL_V1 [18/01/10 13:31:39] [~ ’
Filter: ) 3501 1 : Q

[\ 11.52 ‘
INJ-TEST-NB_V1@0_[START].1809( ~ '
INJ-TEST-NB_V1@0_[START]_clone- X

|

TSR el LN L | » — Compare LSA optics tables with
s - \ i  EEmE nominal ABP and madx runs
: ‘ j 8 "1

INJ-TEST_V1 3504
INJTEST-ramp-5TeV_V1
NOM-RAMP-3.5TeV_V1

Legend I
—— BETX - bet7-b11fs | ‘
1

~+ BETY - bet7-b1xfs

NOM-RAMP-3.5TeV_V1@0_[START) BETX - LHCZLHCRINGFALI100C700A1000L1000_FLAT#B1

BETY - LHCELHCRING=A1100C70021000L1000_FLAT=51

NOM-SQUEEZE 1160GeV.IPS.V1 | - 3 f’, || LA
VOM-SQIIFF?F_I1~30(.P\'_IP’-_\'1'F~1 3500.?'Hﬂ 3— y ] | | || "~
NOM-SQUEEZE_3.5TeV_IP1+IPS_FU 2l H 7! | I |
Rl chebldy = g \ | o
B*(IP1) =11 | 9 | 7 |5 4 | 2 1.5| 11 lol.f}l o|.6|5|| |40.55 g*(IP1) =11 9 7 5435215 1.10.8 0.65 0.5
i ] 0.16 | | | | | —Beam1X_|
ol . i ——Beam 1 Y|
L Nl \/| S~ — ———Beam 2 X
- \/\_/ \/ \/\/ } \v/\/ i 0.141~ Beam 2 Y]
-0.005- - = 0120 |
< 1 E | _
g - Extract LSA settings and check beam | o i y
€ 0015 parameters between matched points = O }
— i (simulations by X. Buffat, EPFL) 1 % 0.06L |
-0.02} | . o - -
i ——Beam 1Y i |
-0.025+ — Beam 2 X |
' Beam2'Y 0'02__ A ]
o1 1 1 | I N I | | 11 | | 1111 | 111 | | | | | | | | | | | _l Alm ﬁ AA’&A‘//\\I | | | VI I\\ ml ml

0 100 200 300 I400 500 600 700 800 0O 106 _ 200 300 400 500 600 700 800
Time from start of squeeze [ s ] Time from start of squeeze [ s ]

Still not fail-safe: we managed to miss a few knob import for the squeeze test!
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@J Conditions for beam tests il

2 T T T T T T T T T T T T T T T T T T
- Bearrll intensity h%story, .
Beams: -1.18 TeV 1.8  Dec.16M,2009 |
- 4 bunches = Ig1~1x1010p oL N

ls2~ 2 x 1010 p :
- Emittances: &x,B' ~2.5 um
Sx,sz ~ 4 / 9 lJ.m

—
~
|

—
N
I

Machine: - End of ramp conditions

Beam intensity [ 1e10 p ]
I

0.8 | | | | —
- Both beams circulating o lmie . phgsies+
- Separation OFF / Crossing OFF - lramp  Sdueeze  hiics meas. |
0.4 | -
Protection settings: o2ar — Beam 1]
- Beam tests done with SAFE BEAMS o————L e e
. . . e = e = Q O
- Nominal collimator settings at 450 GeV: S = a % < 0
TCP/TCSG/TCDQ=5.7/6.7/8.00 R || [ e, —
- No energy scaling, fixed gaps in mm == | I e ‘.‘)k_
9.2/10.9/13.0c at 1.2 TeV e IR =AML
- Triplet protection: tertiary collimators (TCTs)
atx15 mm = 20 (H) / 30 (V) sigmas
No detailed alignment around local orbit. Beam1 - /
- IR and arc apertures ok. | Beam2| |
o Jf \ N Wr«%»wa’jﬂ \*»uﬂwm%
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) Beam process for squeeze in IP5

Setting Extraction LHC_fromExtraction.madx | Data: | Plot - LSA-SetExuPlot | Plot = Plot [Profiles LHC B1]
DataBase Opucs #] Optic Table Editor

Repository " Data | | Rviews | R m === @] B More 45 L) o
NOM-SQUEEZE_1180GeV_IPS_V1 [14/01/10 20:50:52) = = L _n

StandAloneBeamProcess 1181 Optic Name Energy Time Parabolic Fl'&-:l:OﬁI

i © | * A1100C1100A1... |1180.0 0[0.0
INJ-TEST-NB_V1@0_[START]_1809 = ' B — 11 m A1100C1100A1...|1180.0 15/0.328358
INJ . .. ' 1

wShift to collision e

A1100C900A10.../1180.0 104]0.127644
IN|
|

A1100C7004A10. .. |1180.0 190/0. 103647
ntunes, done with |

A1100CSO0ALD f113::: 0 2660 085066
1180.6-

NP1 and IP5: |

IN |
“AQx=0.03 aonal
NC

“AQ,=0.01
NOM->UUELLE_11BUGEY_ KD VL
NOM-SOQUEEZE_1180GeV_IPo_V1ea
NOM-SQUEEZE_3.5TeV_IP1+1PS_FL
NOM-SQUEEZE_3.5TeV_IP141PS_V!
NOM-SQUEEZE_3.5TeV_IPS.V1 |
NOM-SQUEEZE_450GeV_IP5_V1
PGC_TEST

PGC_TEST@0_|START) 1179.8-
PRECYCLE_3500GeV
PRECYCLE_3500GeV®0_[START] |
PRECYCLE_3500GeV@0_[START]_Fi 2179.60——
PRECYCLE_3500GeVe@D_|START_FI | ‘
PRECYCLE_3500GeV@0_[START]_Fi :
PRECYCLE_3500GeV&@1000 :

PRECYCLE_3500GeV@1400 11794 1
PRECYCLE_3500GeVEa400 | ' LHCBEAM/QV_LATTICE
. ; —o— LHCBEAM/QH_LATTICE

ind minimum ti... Ok Cancel

/|

B*=9m

9.33 63.21 ' 08

T

1180.2

[A1100C1100A1000L1000_F LAT_INJ]

1180 -

MOMENTUN

[A1100C500A1000L1000_F LAT|

g
W
g
-t
g
<
8
3
g
3

(JIA: 100C700A1000L1000_FLAT|

6.68 60.8 1.92

| |legend |
—=— LHCBEAM/MOMENT UM
~+ LHCBEAM1 /BX-IRS

6.03 60.21 1.88
RAMPDOWN_PRECYCLE_COMBO : - LHCBEAM1/QPH
RAMPDOWN_PRECYCLE_COMBO®( 1179.2- | ~o- LHCBEAM2/QFPY
RAMPDOWN_PRECYCLE_COMBO®(C
RAMP_1.1TeV-ions_V1

RAMP_1.1TeV_Clone_301009

*
— 5 m -5.36 9.6 1.84
DARD 1 1Tal Ul A 1179
« 1

; 1
» 0 S0 100 150 200 250
' Show hidden Time

]
|
}
\
\
\
\
\
|-
\
\
\
\
\
-
\
\
\
|
~7.35 6141 1.96
\
\
\
\
|
[
\
\
\
\
|
|
\
\
\
|
L

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.
§l
-
g
9
8
-
<
L
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|

Show SelectionPanel ExtractionTime: 190 (v 9Aap to Matched Points | Check Paramter  Val |v = Extract to File Extract to Plot

/
We stopped there
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&9 OM manager v. 0.1.39 - /user/lhcop/OM_Repository_2009/om_data/2009.inj.test.omrepoxml|

File Edit Options Tools SVN Help
¥ op {v“QBBP

®) LHC lv

J

MEKa

@ =
>

Setting Extraction |
' DataBase Optics
‘ Repository " Data 7]
[ ProcessResults '
¢ I TFS
[) bet11a-b1.tfs
[ bet11a-b2 tfs
[ bet11b-b1 1fs
[ bet11b-b2 1fs
() bet7-b1.tfs
[ bet7-b2 1fs
[ beta-b1 1fs
[ beta-b2 tfs
D Knobs
[} soDs
D Orbits

| LHC_fromExtraction.madx | Data: | Plot | LSA-SetExtrPlot

350 -
I T [ B i
~BETX - bl TaBiTh Horizontal beta
e functions |
IR5 versus s
250 -
200 - A
A e
A %
150 - TAmY % Ty
A /{-". ,.' rl':‘. ; ‘i \‘ /ﬁ‘
100 f W i Ve N j ) % 7/ |
' \51 ﬁ' \\‘1;“‘f ch ‘
\.\t;::‘
501
Beam 1
>
0..
13000 13100 13200 13300 13400 13500 13600
S
v BETX Jvi'polylme _v- v/ hold | xaperture v legend

| Enable Differential Plot

S. Redaelli, LHC Beam WS, 19-01-2010
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@AV Recap. of commissioning procedure

From: http://lhccwg.web.cern.ch/lhccwg/Procedures/stageA/phaseAll/index.htm

Our general commissioning approach is the following (only for commissioning: the
goal for routine operation is to have simultaneous squeeze of the IP concerned):

Start with a single pilot Beam 1 and squeeze IP1 without separation.

. Verify squeeze of one beam with parallel separation.

Squeeze two separated pilot beams in IP1.

Squeeze IP5 with a single pilot Beam 1 simultaneously with IP1 squeeze - try
with separation ON.

5. Try two beams in IP5 as well (IP1 squeezed in parallel).

6. Squeeze of IP8 follows (1), (2) and (3); then squeezed IP8 in parallel with IP1
and IP5.

L I O

Having seen the remarkable machine quality, we proceeded as it follows (SAFE beams)!):
1. Start directly with two beams in the machine;
2. Start with multi-bunches (liot = 1-2 x 1010 p) [pilot was meant for 7 TeV!];
3. One squeeze step done for |IP1 and IP5 together at the first try;
4. Tests done with colliding beams (no separation, no crossing);
5. Tested the tune feedback during one squeeze step.

(1), (2), (3) and (5) can be incorporated in the procedure for the future (keep previous

strategy as a fall-back in case of problems at smaller 3*).

IP2 and IP8 will be done with squeezed IP1/IP5 in 2010.

S. Redaelli, LHC Beam WS, 19-01-2010 16


http://lhccwg.web.cern.ch/lhccwg/Procedures/stageA/phaseA11/index.htm
http://lhccwg.web.cern.ch/lhccwg/Procedures/stageA/phaseA11/index.htm

.
@J PC currents and beam test procedure o)

T

Setting part: ® Value * Target . Correction Trim History ' Time base: ® SuperCycle ' Cycle/BEeamprocess Injection
Displayed Function: RO4.L1B1/1, RO4.L1B2/1, RO4.L5B1/1, RO4.L5B2/I

!

460 -
y Ny,
/ ~
440 </ . Q4 11
>
420
| Llegend
~=- RO4.L181/1 \\“\_
s || S
- ROAL58B2/1 \_\*\
380 -
360 -
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@J PC currents and beam test procedure (&%
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@ﬂ Results

Online measurements, IP5 Beta* summary from the on-line measurement:
as of logbook:

HV
Ostep (11lm) 10.2 +- 1.0 11.8 +- 1.0

lstep (9m)B.8 +- 1.0A1.7 +- D
ZsteE (7m2 6.8 +- 0.3 7.5 +- 0.5

42|103:22

Measured beta
functions in IP5 for 250
the various steps. 200

150
100
50

Bx [M]

250
200
150
100

Courtesy of R. Tomas 50

and G. Vanbavinckhove 0 ' ' ' ' ' | |
16.1 16.2 16.3 164 165 16.6 16.7 16.8 16.9

longitudinal position [km]

B, [m]
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3 : oo ‘ N c 1.74 | | |
L oo Lo @ - | | |
: Il [ I I @ 1.73— I I L o I .
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Time[h] Time [h]

About 3% of beam 2 lost during the 1st squeeze step (11 m = 9 m); no losses of beam 1.
Second squeeze step (9 m = 7 m) was clean for both beams.

The losses occur during the tune transition (15 s), not during the beta changes.
No systematic for both beams (B2 emittance was larger).
No indications that different optics have different lifetimes.
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X

Loss maps around the rings

Loss pattern at peak loss rate

Losses at the primary collimators
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10 15
Longitudinal position [ km ]

Highest loss peaks at the primary collimators of IR7, as expected!

Cleaning efficiency much reduced with respect to the values at injection (see C. Bracco's talk).
Note that the collimation system WAS NOT SET-UP IN THESE CONDITIONS!

Optics and orbit changed with respect to the references at 450 GeV used for collimator setup!



Details of losses in IP5
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Losses in the triplet left of IP5 that are not caught by the tertiary collimators!

S. Redaelli, LHC Beam WS, 19-01-2010 24



Orbit drift durlng the squeeze

3— Worst Beam 2 horlzontal . 3} Best Beam 1 vertlcal .
E IP2 IP3 I74 IP5 IP6 IP7 IP8 IPEI E P2 IP3 P4 IP5 IP6 IP7 IP8 IPEI
21 — 2 E
g 1 H 7 g 1— 7
% olll M M # N M M _: % ;/1‘\\&,1;,')\~“,‘lw,".}“_xw!g'“'\\\,}})“\*&“ \H \w,l)‘
5 - S af -
S S |
1o -
E7Eaeta*= 11 -> 9 m (02-31-30) - R.M.S. = 0.473 mm E7Beta*= 11 -> 9 m (02-31-30) - R.M.S. = 0.123 mm
Sl Beta = 9->7m (02-55-30) - RM.S. = 1.1 mm | g Sl Beta' = 9->7m (02-55-30) - R.M.S. = 0.228 mm | E
OIIII&I'>IIII1IOIIII1I5IIII2IOIIII25I OIIIIéIIII1IOIIII1I5IIII2IOIIII25I
Longitudinal coordinate [ km ] Longitudinal coordinate [ km ]
Orblt. errgrs induced by the change of Orbit RMS (peak) in mm
gradient in the IP5 quadrupoles.
“Easy” to correct for a static machine but p'=11-9m | f'=9-7m
not while squeeze is being executed. Beam1 H| 0.245(0.769) | 0.589 (1.690)
Solutions: v| 0.123(0.472) | 0.228 (0.842)
- Orbit feedback!
- Feed-forward? V| 0.132(0.353) | 0.283 (0.79)
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@j Orbit drifts in IP7

Beam 1 - horizontal BPMW.4L7.B1 / BPMW.4L7.B2
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@) Tune (H) variation during squeeze
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Look in some details of the first squeeze step...
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@J Tunes during first squeeze step (FB OFF) o6 )
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Note the remarkable precision of tune £ 0.3096]
measurements! % 0084
Measured tune error between matched -
points agrees well with the simulations 5
. 0.3090
that use MADX + LSA settings! | _
See also M. Giovannozzi at LHCCWG, Nov. 2006. o308y Simulated tune error with MADX E
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@J Miscellaneous

Problems / issues encountered during the beam tests:

1. Machine at the end of the ramp not fully optimized: coupling, B2 lifetime, ...

2. Missing tune/chromaticity knobs for the required optics.
3. Limited accuracy in beta measurements:
- Small kicks with tune kicker; will be worst at higher energy!
- Measurements affected by missing BPM acquisitions.
4. Incorporation of settings did not work reliably for all parameters.
5. Maintenance/handling of the many beam processes for functions and
stopping points is an issue that requires well debugged methods.

Required implementations not yet tested:
1. Automatic optics change during squeeze for the feedback matrices.
2. Trims in intermediate points between matched times not optimized.
3. Stopping point implementation does not work for critical properties.
4. Beta squeeze factor will not be available in 2010.

S. Redaelli, LHC Beam WS, 19-01-2010
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Collimation during the squeeze

Primary Secondary Shower Tertiary SC
Cold aperture . collimator collimators absorbers . .collimators Triplet

Protection
devices

Cleaning insertion > i< Arc(s)—>§‘— IR —

The triplets become the aperture bottlenecks for 3* values below 6-7 (3.5 TeV simulations by A. Rossi).

Tertiary collimators (TCT’s) are now installed in all IPs, both planes: no constraints in any IPs.

The setting hierarchy must be respected between cleaning (IR7), protection (IR6) and TCT’s.
- Collimator settings must be updated for each new beta® value!

Operational settings established for the 3.5 TeV operation (R. Assmann, A. Rossi)
- “Tolerance relaxed” settings established to ease the initial operation.
- Implementation issue: stepping points for critical limit thresholds.

The machine protection requires the definition of limits as a function of 3* (“betatron squeeze
factor”) that is not presently available in the SMP.

Operation with small collimator gaps will require to establish procedures for octupole operation, if
Impedance is a concern (R. Assmann, LHCCWG Nov. 2006).
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@ﬂ Conclusions @)

M First beam tests of betatron squeeze were successful!
The mechanics of the squeeze works well.
We achieved a good agreement with the expected beta values.

g Some issues were identified and are being addressed
Improve further LSA implementation (incorporation, BP handling)

New functionalities: change of optics matrices for orbit feedback;
handle stop points for critical properties (collimators).

@ Feedbacks (preliminary):
Orbit control would be highly appreciated, as expected!
If simulations are confirmed, tune feedback seem less critical.

@ Proposed an updated of commissioning procedures
Conservative baseline kept in case of problems with smaller (3*.
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Current of Chromaticity corrector circuits [ A ]
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Initial setting with
correction of chromatic
aberrations from
squeeze.

S. Redaelli, LHC Beam WS, 19-01-2010

L

—— RSDIA12B1/1 -
- RSD1.412B2/1 x
- RSD1.A12B1/162009-12-16 02:12:40.261 s Trim
RSD1.01282/182009-12-16 02:12:40.261
27.59 —
271
26.54
26
P
25.51
o
§ A
—
L e — e T -
SR B SR 5
251 ——— ——
T T T T T T
L] 50 100 150 200 250 Trim Expert Params
£a| | O el
Graph | Table |

33



Chromaticity incorporation

1 Trim Editor
27.7-!_ T I, : I:l I, I, T T | | I, T T | | I, T T | | I, I:, T :l | I, T , T 1 E' @® LHC «| [t op ~| [@gp - $
‘ | | o © (e\] o0 | Iq— NOM- KAMP ‘;.t-lev,vldeJSl «\}(l[ feam Processes - : Pammml;:::lni,on ) LHCRNG“M Groups P
L (4p) (4p) <t <t L -] NOM-RAMP-3.5TeV_V1@1020_{END] BLM 10C REF TIKNOE =
< SN & & & Y | T e cumowamcry (7 K RSD1AL 282
— 27.6 T ’ | ’ | ' ' ' ) | ) |  ) ) )  _ M";'h;\:',:;‘;:;;;h‘"""m;“ - . Select All . lRUSeIeuAII - Hierarchy S
.("g = I I I I — Setting part ® Value Target Correction Trim History Time base: ® SuperCycle Cycle/Beamprocess
3 : | | | |- : Displayed Function: RSD1.A12B1/1, RSD1.A12B2/1, RSD1.A12B1/122009-12-16 02:12:40.261, RSD1.A12B2/192009-12-16 02:12:40.261
So75F R y_m
S I I I I j : EE?EE;E}EGIW!-]Z-IS 02:12:40.261
(@] - | | | : _— J RSD1.41262/182009-12-16 02:12:40.261
2 ‘ I RSDB2 | /YX
Q274
s | L | | 11 m O9m /m 5m
- ‘ A ‘ ‘ T 1 I I | I | T [T T T T T T T T | T T/ 1~ 1 | ]
B 27,3 | ——Beam 1-H y ' e
© = o I / : -
g B : > PSS S S S S aeas 006_———Beam1-V rrrrrrrrr TR S [ TEREEEE | —
e : | | ' H . : \ : |
627.2—— VA R 1 —Beam 2 -H o I ! L
= T o RSD B H---Beam2-V ! S VT
o Lo () - : a L T
£ 274 1 N 005 1+ S NIERIs ERTRERRERE B R
= R ()] | o I . | / .
o | | S - . . \ \: _
) | I o I - o : _
27— 1 n I O 1 ‘?‘ |
‘ | | : .
T [ B B | | I N | | I N | | L1 g) 0'04__: """""""""""""" :: 7777777777777777777777777777777 : EII 777777777777777 \ __
2.4 2.5 2.6 2.7 S L | - Lo A
Time [ h] © u | : L
o N I 1 | 1 ; - i
" - . . @) [ N L/ A ] =
Initial setting with = 0.03 ¥ PN .; i
. N .
. . > ~ I o / ' I I ]
correction of chromatic £ | | | X / N y
. = o S S Lo N T s |
aberrations from g 0.021 TS -
. 7 ~ '
o B I / \ - N | L
Squeeze. c - / o ! L !
B | O | ]
© 0.01 |
Predicted chromaticity OF =" -

variation versus time. 0 50 100 150 200 550
S. Redaelli, LHC Beam WS, 19-01-2010 Time from start of squeeze [ s |



{8 C) w2l ¥ RBA: Incop
[ Context Selection 1[ EquipState
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- Can specify t_start and t_end of any segment when loading the
functions (parameters of the hardware command).
Standard triggers can then be used (software, timing)

- For PC’s, get an exception if t_start and t_end do not correspond to
times of matched optics

- Protection: If one sends segments that are not adjacent, HW will give a
first-point-mismatch exceptions. (Other checks could be added...)
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@) Tune variation during squeeze - V
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@ﬂ Un-expected tune change for B1
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Initial orbit In IP5
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@ Squeeze combined with ramp

Pro’s: save time (by overcoming PC limitations); beams less dangerous at lower energy.

Con’s: add complication to ramp; mechanical aperture limits the minimum B* (see WH talk);
critical steps only possible at 7 TeV; beam-beam is worst (parasitic crossing).

LSA gives all the flexibility needed to combine ramp and squeeze!

Baseline for operation:
- only do It if really needed.
- only do it on a commissioned ramp, after we have mastered well the squeeze.

DDisplayed Function: RPHGA.RRS3.RQ10.L5E1/IREF, RPHGA.RR53.RQ10.L5B2/ IREF, RMGARRSRQ?.LSBIIIREF, RPHGA.RR53.RQ7.L5B2/IREF, RPHGA.RR53.RQ8.L5B1/IREF, RPHG
Qptic Name Energy a
Al1100C1100A1000L1000 450.0 0fs .
Al1100CS00A1000L1000 1000.1676 4/ 5000 Legend -
Al100C700A1000L1000 1505.2014 & BT mﬁiﬁgﬁi:ﬁgﬂzg ' ——— ‘ <
A1100C500A1000L1000 1996.0389 7 RPHGARRS3.R07.L581 /IREF e
A1100C4004A1000L1000 2505.8593 8 - mgi:ggigzg:m:g - ' ,,/:
AL1100C350A1000L1000 3997.9646 14 APHCARRS 3RQS.L582/IREF g
AL100C250A1000L1000 4992.7014 1, 4000 ~+ RPHGA.RR53.RO9.L581 /IREF e -
= RPHGARRS53.RO9.L5B2/IREF w.
Al1100C200A1000L1000 6555.8593 1 -~ RPHGARRS7.RQ1S.RSBI /IREF 7,
A1100C200A1000L1000 7000.0 1 - RPHGA.RR57.R010.R5B2/IREF
A1100C200A1000L1000 7000.0 1 BT mg::;;:g;-:g:;ﬁ::g
A1100C150A1000L1000 7000.0 1, - RPHGARRS7.RO8.ASBI /IREF
Al1100C110A1000L1000 7000.0 1{ ~ 3000+ mai:g:g::g:mﬁ:
AL100C80AL000L1000 7000.0 1 e RPHEARRSZROSRSB2/IREF
Al100CE5A1000L1000 7000.0 1 —=— RPHGERR53.R05.L581 /IREF
~=~ RPHGERR53.RO5.L5B2/IREF
AL1100C55A1000L1000 7000.0 2  RPHERRRS3RQG.LSBI /IREF
. . 2 —=— RPHGRRR53.RO6.L582/IREF ’ 7
Tests ongoing with G. Kruk, S. Page "% | itaRms7.nasrss2 imer T _— -
~= RPHGRRR57.RO6.R5B1/IREF -
—=- RPHGBRRR57.RO6.R5B2/IREF o /
—=— RPHH.RR53.RO4.L5B1 /IREF P
~=~ RPHH.RR53.RO4.L582/IREF
. —=— RPHH.RR57.RQ4.R5B1 /IREF
Reminder: pre-squeeze 11000 [ RPHIARSZRAQARSEZ/IREF
required anyway for IP2 and Example of combined ramp
- - and squeeze at 7 TeV
8 at energies above 6.6 TeV! 0- 9
0 500 1000 1500 2000

S. Redaelli, LHC Beam WS, 19-01-2010 41



2.8

2.7
Time[h]

2.6

[y ] swney weasqg

2.5

I
X
2.49

2.5
!
X
2.48

Beam intensity and lifetime

Time[h]

I
X
2.47

I I I B f !
N o © . Y g N e T
— — — — — —

d

01901 ] Aususiul weegq

~—

X

[

[y ] owney| wesg

42

Time[h]

S. Redaelli, LHC Beam WS, 19-01-2010



u History of power converter currents
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