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* In the LHC, collimation is required at all phases (injection, ramp + squeeze, physics) due to
high beam energy.

The collimator settings depend on key beam parameters e.g. enetrgy, orbit and PB-functions as

a function of time, energy and/or "

* OP team must be able to change critical parameters (unlike the kicker, BLM master tables ...).
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y Introduction and Motivation &>

* In the LHC, collimation is required at all phases (injection, ramp + squeeze, physics) due to
high beam energy.

* The collimator settings depend on key beam parameters e.g. enetgy, orbit and -functions as

a function of time, energy and/or "
* OP team must be able to change critical parameters (unlike the kicker, BLM master tables ...).
*  Opverall system performance depends critically on the correct positioning wi.r.t. the beam.

* Unprecedented complexity: function-based settings, redundant interlocking strategy that
change with time.

* Monitoring of settings and comparison to the “desired” values is critical.
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y Introduction and Motivation <
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* In the LHC, collimation is required at all phases (injection, ramp + squeeze, physics) due to
high beam energy.

* The collimator settings depend on key beam parameters e.g. enetgy, orbit and -functions as

a function of time, energy and/or "
* OP team must be able to change critical parameters (unlike the kicker, BLM master tables ...).
*  Opverall system performance depends critically on the correct positioning wi.r.t. the beam.

* Unprecedented complexity: function-based settings, redundant interlocking strategy that
change with time.

* Monitoring of settings and comparison to the “desired” values is critical.

Scope of the talk:

* To review the settings generation, the errors that occurred and measures taken
* To review the present collimator status monitoring system, including MAD-X online

* To present the current status of achieving operability of the new BPM collimators
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y Recap of Collimator Settings

* The jaw corner positions in mm for any point in the operational cycle are determined from the

local beam-based parameters and half-gap opening in beam ¢ units at each collimator.
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y Recap of Collimator Settings

* The jaw corner positions in mm for any point in the operational cycle are determined from the

local beam-based parameters and half-gap opening in beam ¢ units at each collimator.

e Typically, the BB Params are measured at 4 points:

Injection, Flat Top, End of Squeeze, Collisions.

* Functions are generated for a smooth transition of
the jaw positions from one point to another.

* The jaw positions are interlocked at all times

(typically = 400 um or 1 O):

(2) inner/outer limits for each jaw corner (actual/fn BP)

(b) inner/outer B* limits on the jaw gap (discrete BP)
(c) energy limits on the jaw gap (discrete BP)

* Exceeding the limits triggers a beam dump.

Settings Parameter Space
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Settings Generation Cycle
S

Collimator Alignment

| -

-

Beam

Potential
Errors!

Excel Setup Sheet

Block 2: Perform beam-based alignment of all collimators sequentially

IN MEAS MEAS MEAS RES RES RES ouT ouT IN/RES
) angle | JAW Lcalib [JAW R calib GapOffset | HalfGap |FFfSiEMaIn| JAWL | JAWR | Target
Collimator Name taeg] i Tt | VPTBR | O e [y | COVPlane | setting | setting | HALF GAP
[mm] [mm] [mm] [sigma]

7 TCP.C6L7.B1 0 4.420| -4.805) -0.193 4.613|n/a

s TCP.613.B1 reduce gap by 25% (reduce energy tails)

&l TCP.C6L7.B1 0 3.295) -3.530) -0.118 3.413|n/a

10 7C5G.4R6.81 o 5670 -5.450 0110 5560

0 TCP.C6L7.81 0| 2.960] 3210 0.125] 3.085n/a

11 TCP.C6L7.B1 0 2.960 -3.210 0.000} -0.125 3.085/n/a

12 TCDQA.B4R6.B1 0 2.450 2.450

13 TCP.C6L7.B1 0 -0.138 2.898|n/a

13 TCP.C6L7.B1 0 -0.100 4.440|n/a

14 TCL.5R5.B1 0 -0.060 4.265

s TCP.6L7.81 o 0173 a1e3|n/a

15 TCP.C6L7.B1 0 -0.145 4.525/n/a

16 TCTH.415.8B1 0 -3.620 4.650

17 TCP.C6L7.B1 0 -0.143 4.298|n/a

17 TCP.C6L7.B1 0 -0.143 4.298|n/a

18 TCLA.7R3.B1 0 0.015 3.080

Saved on CCC machines after every alignment
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Settings Generation Cycle
S

Collimator Alignment

| -

-

Beam

Potential Beam Process Settings

ErrorS! [8 v RBA: no token “E‘LHC |~| |1 op ‘v © gp ‘v‘ &

Parameter selection - LHCRING
i |@)] __System Type Groups Parameters
. - = B &

Pote ntlal PRECYCLE 4TeV V@0 [STARTLFil ~| | CHROMATI(*| |COLL_BECe

RAMPDOWN_10Aps_PRECYCLE_CO| | | |[CHROMATI

RAMPDOWN_10Aps_PRECYCLE_CO| | | |COLLIMAT
E ' RAMPDOWN_4TeV_V1 COUPLING
xce e u p ee rro rS H RAMPDOWN_4TeV_V1@0_[START] |P_ANGLE

RAMP_4TeV_2012_FAST_V1

Beam Processes

Filter:
TCDD.4L2/BBCentre
TCDIH.29050/BBCentre
TCDIH.29205/BBCentre
TCDIH.29465/BBCentre

RAMP_4TeV_2012_ V1 :: g';‘:ss‘r'“ Igg::.:;:::jz:zenm
RAMP_4TeV_2012_V1@0_[STARTL . . entre
Block 2: Perform beam-based alignment of all collimators sequentially RAMP_4TeV_2012_V1@0_[START]F_| | IP-SEPARA TCDIH.88121/BBCentre
IN_ [MEAS MEAS MEAS RES RES RES out out IN/RES RAMP_4TeV_2012_V1@0_[START]_J | | |IP_SPECTR( TCDIV.20607/BECentre
RAMP_4TeV_2012_V1@770_[END] LANDAU D, TCDIV.29012/BBCentre
RAMP_4TeV_2012_V1 Aug_ALICED, | ||LHC SIS-RE(< Tenn 20224 (ppoantra
Collmator Name | 1€ | JAWLcallb [IAWRGalib| | - | Gap Offset | HalfGap E:'o;"'l';:" :::i’n" ::(':i’n" H;:F";;p RAMP_4TeV_2012_V1_july Tl Select All
[deg] | [mm] [mm] 8% | [mm] |Meas[mm]| © P & % RAMP_4TeV_2012_V1_tffinoClone |+ ‘ A i —
[mm] [mm] [mm] | [sigmal . . . Select All Select All Hierarchy
OPERATIONAL |+ |searen by name: @
; TcP.c6L7.81 [ 2420 -a.805) 0.193] 4.613|n/a [na [na 4.40
s TcP.613.81 reduce gap by 25% (reduce energy tais) Setting par: ® Value O Target O Correction
9 TCP.C6L7.B1 9 -0.118] 3.413|n/a Parameter RAMP_4TeV_2012_V1@770_[END]
10 TCSG.4R6.B1 q 0.110 5.560 1.793) TCSG.4R3.81/BBCentre L1 1495 =f
10 TcP.C6L7.81 q 0.125| 3.085[n/a " 1o
1 TCP.C6L7.B1 0| 0.125| 3.085(n/a JBBCartre 38 Trim
2 TCDQA.BAR6.B1 [ 2.450 2.450 0.858 TCSG.5L3.B1/BBCentre -0.38249999999999995
13 TCP.C6L7.81 9 -0.138] 2.898|n/a TCSG.5R3.B2/BBCentre -0.4375
= TCP.C6L7.51 9 0100 /s TCSG.6L7.62/BBCentre -0.12749999999999995
10 TCLSRS.81 o 0.060) 4.265 1.039) I
- TCP.COLT.B1 o a1 a.163|n/a TCSG.6R7.B1/BBCentre -0.23250000000000004
1s TcP.c6L7.81 [3 -0.145| 4.525n/a TCSG.A4L7.B1/BBCentre 0.8350000000000001
16 TCTH.415.81 q 3.620) 4.650 1.105] T CSG.AdL7. B2/BBCemre 076 3
& TcP.c6L7.81 [ 0.143| 4.298|n/a I
17 TCP.C6L7.81 0 0.143 4.298|n/a TCSG.A4R7.B1/BBCentre 0.6925
18 TCLA.7R3.B1 [ 0.015 3.080 0.757 TCSG.A4R7.B2 /BBCentre -0.735
TCSG.ASL3.B2/BBCentre -0.4475
TCSG.ASL7.B1/BBCentre -0.24000000000000002

Saved on CCC machines after every alignment e e
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Settings Generation Cycle
S

Collimator Alignment

| -

Beam

-

Beam Process Settings

O ! [@ v RreA: no token “E“LHC |v| % op ‘v O sp ‘v‘ &

Beam Processes 4 Parameter selection - LHCRING
/ \ i [@]] __System  Type Groups Parameters
Pote ntial PRECYCLE 4TeV V@0 [START]Fil ~| | CHROMATI(~| |COLL-BECE 2| piyy .
RAMPDOWN_10Aps_PRECYCLE_CO| | | |CHROMATI( | (COLL-BEOD | menp o g cantre
RAMPDOWN_10Aps_PRECYCLE_CO| | | |cOLLIMATG | {COLL-BEPal | izenyy 59950,pBCentre
E rrors | RAMPDOWN_4TeV_V1 CoupLING || [COLLHaIfG | L 0s /BB Centre
Xce etu ee H RAMPDOWN_4TeV_V1@0_[START] COLL_Half
IP_ANGLE TCDIN.29465/BECentre
RAMP_4TeV_2012_FAST_V1 COLL_JAw
RAMP_4TeV_2012_V1 IP_CROSSINI| - OLL )aw.| | TCDIH-87441/BBCentre
RAMP_4TeV_2012_V1@0_[START] IP_OFFSET CoLLnsiGH | [TCDIH.87904/BBCentre
I i RAMP_4TeV_2012_V1@0_[START]_F_| | IP-SEPARA COLLNSIC TCDIH.88121/BBCentre
RAMP_4TeV_ 2012 V1@0_(START]J | | IP_SPECTR xngm& TCDIV.20607/BECentre
RAMP_4TeV_2012_V1@770_[END] LANDAU D, TCDIV.29012/BBCentre
As of 2012: setup sheet now generated ™ o R AT 201 ey || L e BETSTAL | TEEN20 AR
0551 -0.431 -13.649 RAMP_4TeV_2012.V1_July e ~ o oz ST
. . . . nja nja nja RAMP_4TeV_2012_V1_tffinoClone |+ L
automatica alignment application —:: X i 17| Csteaan [ setesn ][ by ‘
0.942 I 8.747 -10.087 — m . ®
e oe [ R vivon P v P nfa nja nja OPERATIONAL " g ¥ S @
TCP.C6R7.82 0.00 1830 0.630 2376 0.600 1230 0352 1830 0.630 . = — — - ——
TCTH.4R2.82 | 0.00 | 1.450 | -3.020 4.519 -0.785 2.235 0.791 I 7.126 I -8.696 Setting part: ® Value © Target @ Correction
TCP.C6R7.82 0.00 1810 -0.605 2332 0.602 1.208 nja nja nja Parameter RAMP_4Te_2012_V1@770_[END] 3
TCP.C6R7.82 0.00 1810 -0.605 2331 0.602 1208 0352 1810 -0.605 =
TCSG. 4 114 l
TCTH.4RS.82 | 0.00 I 4.820 [ -0.280 5.065 2.270 2.550 0.942 [ 11687 | -7.147 C5G.4R3.81/8BCemre L1425
TCP.C6R7.52 0.00 1.795 -0.580 2.293 0.607 1188 nja 0.607 0.607 TCSG.4R6.B1/BBCentre 0.125 $¢ Trim
TCP.D6R7.B2 30.00 1575 ~0.175 1722 0.700 0.875 nja nja nja [TCSG.513.81/BBCentre -0.38249999999999995
TCTVB.4RS | 90.00 I 3.130 | -1720 4.836 0.705 2.425 0.650 I 8.502 [ 7092 TCSG.5R3.82/BBCentre 0.4375
TCP.D6R7.B2 0.00 1535 -0.145 1651 0.695 0.840 nfa nja nja
TCP.DER7 B2 000 1535 o145 1651 0695 0.840 nia nia nia TCSG.6L7.62 /BBCentre |-0.12749999999999995 : :
TCTVA4RLE2 | 0.00 4.380 | 0.030 4.34 2.205 2.175 0.600 | 8202 | -3.792 TCSG.6R7.B1/BBCentre 0.23250000000000004
TCP.D6RY.B2 0.00 1510 -0.110 59 0.700 0.810 nfa nja nja
TCP.D6R7.B2 0.00 1510 -0.110 59 0.700 0.810 nfa nja nja TCSG.A4L7.B1/BBCentre 0.8350000000000001
TCTVA 4R2.82 0.00 -0.720 -6.350 57 3535 2.815 0.840 I 4.867 S11.937 L
TCROD6R7E2 | 9000 | 1465 [ 0070 50 0.698 0.768 nja I nja I nja TCSG.AdL7.B2/BBCentre |-0-76 ] c )
TCP.D6R7.B2 90.00 1.465 -0.070 1509 0.698 0.768 nfa nja nja TCSG.A4R7.B1/BBCentre 0.6925
TCTVA 4R5.82 90.00 2.240 “1520 3.721 0.360 1.880 0.600 i 6357 5.637
TCP.D6R7 B2 9G.00 1435 -0.040 1449 0,698 0738 nia 0698 0698 TCSG.A4R7.B2 /BBCentre |-0.735
TCSG.A5L3.82/BBCentre -0.4475
TCSG.ASL7.B1/BBCentre -0.24000000000000002

Saved on CCC machines after every alignment e e
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Settings Generation

LHC Collimation
% Project

* Alignments are done at four points to measure the beam centers and beam sizes.

* Functions during squeeze or collisions determined from simulations, and are created with

Mathematica or LSA.
Beam Mode Beam Process
Injection Ramp@start
Ramp Ramp function
Flat Top Ramp@end / Squeeze@start
Squeeze Squeeze function
Adjust Squeeze@end / Collisions@start
Adjust Collisions function

Stable Beams

Collisions@end

G Alignment (All colls)

< f(y, t)

<€ Alignment (All except inj. prot.)

< f(B’, t)

L Alignment (TCTs)

<€ f(Xing/Sep, t)

€= Alignment (TCTs + TCLSs)

Gianluca Valentino
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* Collimator beam-based alignment procedure:

Collimator

p—

Beam >
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y Settings Generation >

Gy/s A
* Collimator beam-based alignment procedure:

Collimator

>
T >t [s]

Beam >
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* Collimator beam-based alignment procedure:

Collimator

—-—

Gy/s A

LHC Collimation
Project

Beam

Pt [s]
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* Collimator beam-based alignment procedure:

Collimator

/—)

Settings Generation

Gy/s A

Beam

s

* Nis the number of beam 0 of the jaw half gap.

* Depends on the collimator family, e.g. TCP IR7,
TCSG IR7, TCLA IR7, TCT, TCP IR3....

> Pt [s]

LHC Collim‘ation

Beam Centre
xiL,m + x{f,m O.inf
Axi - i
2

Beam Size
B xiL,m . xf(,m
nk~l + nk

New Settings

s inf  Rset
xS = Ax; + Njoitt x>

- Ax,- - ]V,'O'i-nf

Gianluca Valentino
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Collimator beam-based alignment procedure:

Collimator

/

Bl —>
/-

Settings Generation

Gy/s A

LHC Collimation

Beam

s

N is the number of beam 0 of the jaw half gap.

Depends on the collimator family, e.g. TCP IR7,

TCSG IR7, TCLA IR7, TCT, TCP IR3....

At injection: the measured beam size is used.

> >t [s]
Beam Centre Beam Size
Lm _ _Rm
A x,-L”" + xf”" ginf — Xi X
ST SRR

1

New Settings

. inf  _Rset __ inf
x;,sel — AX,' + N,-()';-m X set __ AX,' — N,-a';ni

1

At top energy: collimator gaps are smaller in mm and beta-beat < 10 %, hence the nominal

beam size is used.

In 2011-2012, several algorithms were introduced to speed up and automate the alignment.

Time for full alignment: 30 hours (2010) === 5 hours (2012).

Gianluca Valentino
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Settings Verification x

* Manual verification of generated values by experts.
* Systematic checks of the settings transitions (e.g. ramp to squeeze).
* Low-intensity fill to validate sequencer operation in shade of fills for loss maps or Q/OFB checks.

* All machine configurations are validated by loss maps.

* Online tool to verify the gaps in mm and beam 0 + limits:

LHC COLLIMATOR DISPLAY

~ [@ v RBA: Incop

ACTIVE OPTIC NAME A1100C1100A1000L1000_IN]_2012 ACTIVE OPTIC ... 1829

[ SUMMARY | bar graph | table with optics beta | table with measured beta | Roman Pots Table | Roman Pots Graph | Phase space display |

[3 views | | | B] More _|

Half Gap B2 [29/03/12 14:34:37] -

40
Lege | | |

35‘::$2:‘;2mn0u-rnzAlhAAlprAAAAIpaAAAAAIPSA‘je—IAAAAAAAAAlhAAAAAAAAAAAfP a
£ 30|~ Half Gap LimitIN B2 = | — —t = -
£ = Energy threshold half gap B2
o 257| # BetaStar limit OUT B

i s
5 204 BetaStar limit IN B2 -
-
:_t,‘ls_ " . = - " = 3 = n n
Ilo_llllll L} a1 .' . . IS LI L S R l.. .
L} L}
5 a n
0

Gianluca Valentino 8
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Review of Collimator Status Monitoring

(a) Online vistar and CCC overhead display

LHC Collimators | Beam: Bl | Set: HW Group:LHC COLLIMATORS

L{mm) MDC IP1

24.88 | RIS WAN 25.13
11.05 JIRIGDEEL WM -10.16
I8 | TCTVA.4L1E1 | JEVEE

IP2
F78 | TCTH.412.81 | RN
19.95 l -20.02
Xl | Tcrvea | R
0.0 LTI -

PRS R(rmm)

249711 I 240

24.55 0 -24.08

IP3
s.12 (RS <33
2.74 JIRTEEETO <34
WLl | TcsGarssl | X
2.74 JIIIEEM 356
XSN | TCsGRSR3E1 | JERT
6.64 JIREVEELESHIN 764
6.22 JIEVESIESM -7.02
6.18 TSI 51

BETATRON_HOR

BETATRON_VER

4.28 FF ~4.44

6.4 FF -14.9

&l | TcTvaasel | R

24.84 || IREERTERSHNN 2514
IP6

(#TY | TCDQA.A4RG.E1 [
Y | Tcsc.aresl | IEFEE

IP7
2.02 [JIEXTEESNEN 108
1.76 IR 251
1.16 JERETERSEN 2.«
Jel | TCcsGAcLz.81 | IR
2.8 [[IITERIH 3.7
3.23 [[IITERM s
2.23 [T 21
ALY | TcsGeaLz.el | IR
3.8 [[IIEATH 2.1
3.87 [IIDTLYSH 2.2+
3.76 IO LA -3.24

OFFMOMENTUM_POS_DP

15-09-2011 22:36:23

cFrY | TCsGDSR7.81 ||
TN | TCSGESR7.B1 ||
'WEY | TCsG.6R7.81 ||
XYY | TCLAAGR7.81 ||
LY | TCLAB6R7E1 |
X8 | TCLA.C6R7.81 ||
'REY | TCLADGR7.81 ||

TCLAA7R7.81 | |

IP8
1187 IRl
N | tcrveas ||
TI2

Wl | TCDIV.20607 |
XN | TCDIV.29012 ||
Rl | TCDIH.29050 ||
¥W | TCDIH. 29206
kTl | TCDIv.29234 | RN
XY | TCDIH.29465 | MK
XN | TCDIv.29509 | XS

OFFMOMENTUM_NEG_DP

LHC Colllmatlon

Project

Quick View of:

LVDT jaw positions in mm

Indication of gap opening

Collimator status

Gianluca Valentino
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Review of Collimator Status Monitoring
S

(b) Collimator display for detailed view of the MDC/PRS warnings/errors (S. Redaelli)

TCLLIP2.B1.1.V - =

TCLA.IPZ.B2.5.H - = -
| Mon Mar 04 09:46:00 CET 2013

--> PRS - STATE ({1): ASYNCHRONOUS_ACQUISITION
--> PRS Warnings {0): No Warnings
| --> PRS Errors (388). PROFILE_OUT _OF_ENERGY; INTERLOCK_B2A_ACTIVE, INTERLOCK_B2B_ACTIVE;

TCLLIP2.B1.2.V - = TCLLIP8.B2.1.V - =

TCP.IP7.B1L.1Y - =

TCSG.IP3.B1.2.H - = -

(c) Highet-level collimator display, settings in ¢ units, limits + 3-functions (D. Jacquet)

P7.B2.1.V - =

TCSG.IP3.B1.3.H - = TCSG.IP3.B1.4.H - = TCSG.IP3.B2.1.H - =

March 4, 2013 9:47:49 AM CET
ACTIVE OPTIC NAME A1100C1100A1000L1000_IN)_2012 ACTIVE OPTIC ID: 1829 --
[ SUMMARY | bar graph | table with optics beta | table with measured beta | Roman Pots Table | Roman Pots Graph | Phase space display |
Collimation summary BEAM 1 BEAM 2
Beta cut TCP.B6L7.B1 >>> 5.97 TCP.D6R7.B2 >>> 15.28
(Dp/p)cut 0.00182 0.00179
TCSG-IP6 9.98 15.45
TCT TCTVA.4L2.B1 >>> 36.36 TCTVA.4R2.B2 >>> 36.38
INJ_COLL TCLIA.4R2 >>> 120.81 TCLIA.4L8 >>> 110.89

Gianluca Valentino 10
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Review of Collimator Status Monitoring
S

(b) Collimator display for detailed view of the MDC/PRS warnings/errors (S. Redaelli)

TCLLIP2.B1.1.V - =

TCLA.IPZ.B2.5.H - = -
| Mon Mar 04 09:46:00 CET 2013

--> PRS - STATE ({1): ASYNCHRONOUS_ACQUISITION
--> PRS Warnings {0): No Warnings
| --> PRS Errors (388). PROFILE_OUT _OF_ENERGY; INTERLOCK_B2A_ACTIVE, INTERLOCK_B2B_ACTIVE;

TCLLIP2.B1.2.V - = TCLLIP8.B2.1.V - =

TCP.IP7.B1L.1.V - =

TCSG.IP3.B1.2.H - = -

(c) Highet-level collimator display, settings in ¢ units, limits + 3-functions (D. Jacquet)

P7.B2.1.V - =

TCSG.IP3.B1.3.H - = TCSG.IP3.B1.4.H - = TCSG.IP3.B2.1.H - =

March 4, 2013 9:47:49 AM CET

ACTIVE OPTIC NAME A1100C1100A1000L1000_IN)_2012 ACTIVE OPTIC ID: 1829 -_

[ SUMMARY 1 bar graph ] table with optics beta ] table with measured beta | Roman Pots Table | Roman Pots Graph i Phase space display ]

Collimation summary BEAM 1 BEAM 2
***1 Optics acquisition independent [~ =~~~
_ of settings generation 00175
TCSG-IP6 9.98 15.45
TCT TCTVA.4L2.B1 >>> 36.36 TCTVA.4R2.B2 >>> 36.38
INJ_COLL TCLIA.4R2 >>> 120.81 TCLIA.4L8 >>> 110.89

Gianluca Valentino 10
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y Settings errors in the 2010-2013 run (>
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1. March 2012: TCTVA.4R1.B2 (tlat top), TCTVA.4R2.B2 (collisions)

* Error: TCTVA.4R1.B2 center shifted by 1.8 0 ata gap of 26 0
TCTVA.4R2.B2 center shifted by 3.8 0 ata gap of 120

e Action: trimmed in the new values

2. March 2012: 2 IR3 collimators (ramp function)

* Error: when calculating functions, centers set to 0

* Action: no action necessary (errors small compared to IR3 gap openings, no need to
repeat loss maps)

Gianluca Valentino 11



y Settings errors in the 2010-2013 run -

N/~

1. March 2012: TCTVA.4R1.B2 (tlat top), TCTVA.4R2.B2 (collisions)

* Error: TCTVA.4R1.B2 center shifted by 1.8 0 ata gap of 26 0
TCTVA.4R2.B2 center shifted by 3.8 0 ata gap of 120

e Action: trimmed in the new values

2. March 2012: 2 IR3 collimators (ramp function)

* Error: when calculating functions, centers set to 0

* Action: no action necessary (errors small compared to IR3 gap openings, no need to
repeat loss maps)

* Belen will discuss the beam-based validation of the settings in greater detail.

* For 1097 collimators aligned in 41 alignment campaigns =3 error = 0.36 %

Gianluca Valentino 11



q Measures taken to avoid similar errors
N/

LHC CoIIim‘ation

Project

* Following the settings errors in March 2012, a tool was developed for post-alignment checks.

* Used systematically since, although no
turther errors were detected.

Tool operation:

1. Reads the centers from the setup sheet.

2. Automatically calculates the centers at the time of
alignment from the MDB.

3. Exports the LSA settings used by the operational
sequence for the appropriate beam process.

4. Compares the different values.

Future work:

* Comparison also between the jaw corner positions
(“external parameters”) that are sent to the hardware.

* Possibility to select MDB or LDB (for previous fills).

* Could be used to compare LSA and Timber jaw
settings after power cuts.

’ Select Setup Sheet ‘ ’ Select Trim ‘ ’ Start Date/ Time ‘ ’ Stop Date/Time l ’ Select Logging Data ‘
’ Load Setup Sheet ‘ ’ Load Trim Data ‘ ‘29—03—2012 06:31:19 ‘ ‘29—03—2012 15:03:41 ‘ ’ Load Logging Data ‘
Start Check!
Tolerance [um]: |10
Clear: ["]Setup Sheet [ Logging AN

. Cg'lg_r‘n}mr“ Setup Sheet TRIM Status
TCSG.ASR7.B2 0.540 0.540

TCSG.A6L7.BL -0.078 0.078
TCSG.AGR7.B2 0.075 0.075

TCSG.B4L7.B1 0.845 0.845

TCSG.B4R7.B2 -1.058 1.058

TCSG.BSL3.B2 -0.370 0.370

TCSG.BSL7.B1 -0.375 0.375

TCSG.BSL7.B2 0.520 0.520

TCSG.BSR3.B1 0.000 0.000

TCSG.BSR7.B1 0.370 0.370

TCSG.BSR7.B2 0.315 0.315

TCSG.D4L7.B1 -0.070 0.070
TCSG.D4R7.B2 -0.150 0.150

TCSG.D5L7.B2 -0.240 0.240
TCSG.D5R7.B1 -0.228 0.228

TCSG.ESL7.B2 0.035 0.035

TCSG.ESR7.B1 0.020 0.020

TCTH.4L1.B1 0.260 0.260

TCTH.4L2.B1 -0.302 0.302

TCTH.4L5.B1 -3.052 3.052

TCTH.4L8.B1 3.448 3.448

TCTH.4R1.B2 -1.055 1.055

TCTH.4R2.B2 0.000 0.365

TCTH.4R5.B2 0.000 0.835

TCTH.4R8.B2 -4.572 4.572

TCTYA4LLBL 1.733 1.733

TCTVA4L2.B1 0.800 0.800

TCTVA4LS.BL 0.150 0.150
TCTVA4R1.B2 1.600 1.600
TCTVA 4R2.B2 1.022 1.022
TCTVA4R5.B2 0.210 0.210

TCTVB.4L8 -0.018 0.018

TCTYB.4R8 0.503 0502

Setup Sheet BP Settings MDB Logging

Gianluca Valentino
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y Possible Improvements in A

7 Collimator Status Monitoring

LHC Alarms SERvice (LASER): should be used more by the OP crews for diagnostic
purposes, e.g. for identifying warnings (orange colour) in collimator status display.

* Assign actions to be taken by OP for the different collimator errors / warnings.

* Plan to develop further the post-mortem collimation buffer so that expert does not need
to dig through the data when called by OP 1in case of errors.

* Better interlock colour-coding: e.g. energy interlocks for injection protection collimators
should not show up in red after the start of the ramp.

* The State Machine checks that the TCTs are at the correct stable beams settings, i.e. make
sure that the collision functions were executed correctly

* could be possibly improved to detect any problems at the start of collisions process.

Acquisition of the measured P-functions in the collimator settings display.
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\/ MAD-X Online

N/
* The online model provides an environment to support:

* the use of MAD-X simulations and calculations as control system inputs
 operators while coping with the complexity of the machine

* simulation of machine manipulations

> How does it work? = Online Model System Overview

Sequence
and Strength
files

! Model Definition |[Estraction
(Optics, Sequences, Beams)| ( Object |

YASP II
Orbit files

JMad N4
(Java API for MadX) =

EIE2EES

BRI

LSA << Display >>
Database
* Plots
« File Editor
« + Tables

/
/

Beam Process Information / Optics / Settings //

LHC CoIIim‘ation

Project

G. Miller,
Gentner Day’10

Gianluca Valentino
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Usage:

LHC Aperture Meter

LHC CoIIim‘ation

Project

e online acquisition of BPM-interpolation to speed up collimator alignment (see HB 2012 paper)

* playback of settings during ramp and squeeze, possibility to catch settings errors (work in progress)

e orbit checks (incl. ATS, 90 m) and aperture measurements:

0
» minimal aperture evolution (beam 1 horizontal) during triplet aperture scan in IP5 (CMS) to determine
the maximal available aperture before the decision was take to further reduce the p* to 1.0m

r LHC B1 - Horizontal ¢ Aperture Botileneck Display

‘ =) Views |

B (m[=]zz] [BE] © 8 more | e4&

B1 Orbits - Horizontal (9 @ [2011-08-26 13:38:12) 7
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Emittance m] - 0.0 dp/p - 0.0
i
8 \
B
& 7
2
4
]
T 6 -
1=
£ Al
B
i j:k\_
4 -
Time [hh:mm]
min. Aperture Element (Name + value in beam_o)
MQXB.B2L5 3.748

A0S v
=2\
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0.01
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o

-0.01-

-0.02

-0.03

i

I

|

|
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i
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|
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|
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|

|
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=
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] Legend
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— MIN APERTURE
&= BEAM ENVELOFE
W MEAS. ORBIT
—+— SIM. DORBIT

-4 INLFOL ORBT

il
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D,
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T
13100

T
13200

T
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13400
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G. Muller,
ICALEPCS’11
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Usage:

LHC Aperture Meter

LHC Colllmatlon

Project

e online acquisition of BPM-interpolation to speed up collimator alignment (see HB 2012 paper)

* playback of settings during ramp and squeeze, possibility to catch settings errors (work in progress)

e orbit checks (incl. ATS, 90 m) and aperture measurements:

r LHC B1 - Horizontal 09 Aperture Bottleneck Display

Emittance [m] - 0.0

, The maximal available aperture before the decision was take to further reduce the p* to 1.0m

: minimal aperture evolution (beam 1 horizontal) during triplet aperture scan in IP5 (CMS) to determine &

|
|
@ views | 1B (m] 8]k [EE] © @ vore | 235
B1 Orbits - Horizontal 00 @ [2011-08-26 13:38:12) 730 iiiiisiiiin il 6 63

Wi

1\

—

["A

T T_dwT_
A

0.01

il \
s L\ SN

Useful tool which was unfortunately |
not followed up recently...

Now taken over by G Roy

e

- N} -t
T WOKASRSL

Time [hh:mm]

min. Aperture Element (Name + value in beam_o)

MQXB.B2L5

3.748

—0.02-

F

-0.03

¥ils

Legend
— MAX AFPERTURE
— MIN APERTURE
&= BEAM ENVELOFE
W MEAS. ORBIT
—+— SIM. ORBIT
-4 INLFOL ORBT

T T
l:-l]llll 13"00 13300 13400
S [m]

T T
13500 13600

G. Muller,
ICALEPCS’11
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N/

TCP Aperture Evolution

LHC CoIIim‘ation

Project

* Aperture calculation not accurate to < 1 0, but can provide an independent check of the settings.

* Inputs: orbit, current collimator positions and optics INOT LSA collimator settings).
e 1 . ,
Ramp : Squeeze
12

IR3 TCPs

10F

W

TCP Aperture Evolution

TCP.6L3.B1 - Int. Avail. Aperture [BS][X] [B1]
TCP.6R3.B2 - Int. Avail. Aperture [BS][X] [B2]
TCP.B6L7.B1 - Int. Avail. Aperture [BS][X] [B1]
TCP.B6L7.B1 - Int. Avail. Aperture [BS][Y] [B1]

during Ramp + Squeeze

TCP.B6R7.82
TCP.B6R7.82
TCP.C6L7.B1
TCP.C6R7.B2
TCP.D6L7.B1
TCP.D6R7.B2

TCP a, [o,,

- Int. Avail. Aperture [BS][X] [82)
- Int. Avail. Aperture [BS][Y] [B2)
- Int. Avail. Aperture [BS][X] [B1]
- Int. Avail. Aperture [BS](X] [B2]
- Int. Avail. Aperture [BS][Y] [B1]
- Int. Avail. Aperture [BS)[Y] [82]

(=3}
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k’\f\/ \/‘\l{\ n N /
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|
""\-wv\___. ""\/\\"\,_.-v_/_\/\/\‘/\'v\/\/‘—'—/\/\ N
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Results and Status of
BPM Collimator Operation

LHC Collim‘ation
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y Results and Status of
ST BPM Collimator Operation

* Collimators with embedded BPM buttons will Courtesy A. Dallocchio,
replace current TCTs and IR6 TCSGs in LS1. AN = A. Bertarelli, O. Aberle et al.

BPM electrodes

Gianluca Valentino 17



LHC CoIIim‘ation

Project

Results and Status of |
7 BPM Collimator Operation NA

* Collimators with embedded BPM buttons will Courtesy A. Dallocchio,
replace current TCTs and IR6 TCSGs in LS1. = A. Bertarelli, O. Aberle et al.

BPM electrodes

-
=

I u‘|\|1:u

BPM Electrodes [a.u.)

3¢ Jaw LU
3¢ Jaw LD

Left Jaw Positions [mm]

After proof-of-principle SPS tests in 2010-2011,
automatic alignment algorithm tested in 2012.

=<=Jaw RU
—=Jaw RD

Right Jaw Positions [mm]

-29.90
-20.48
.30(’(—. FOL 60696 8 0% & g & o0 56008 06 04 06 ~ da ol fgtalas
0 5000 10000 15000 20000 25000 30000
Time [ms] GapBPM VA — VB
< > Ji = X + Jic1
4 Vi+ Vg

< 30 s alignment time!
Successive approximation algorithm
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y Results and Status of 7N
ad BPM Collimator Operation \ v

* 1 hour is currently required for an alignment of 16 TCTs === factor 120 improvement!
* In1 year of operation (e.g. 2012): gain of 8 hours (8 TCT alignments).

* Gainin }" reach (see talk by Roderik for more details).
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y Results and Status of 7 N
S, BPM Collimator Operation

* 1 hour is currently required for an alignment of 16 TCTs === factor 120 improvement!
* In 1 year of operation (e.g. 2012): gain of 8 hours (8 TCT alignments).

* Gainin }" reach (see talk by Roderik for more details).

* Alignment accuracy:

* BPM non-linearities are a function of the jaw gap and beam center.

* Correction polynomial developed by A. Nosych based on CST Particle Studio
simulations (for more details see my talk in Collimation Working Group, 26.11.2012).

* Accuracy of < 1% of the BPM aperture for beam offsets of up to 50 % and jaw gaps
from 2 - 60 mm.

* Tested during SPS MDs and cross-checked with standard BLM-based alignment.

Gianluca Valentino 18



y Results and Status of
7 BPM Collimator Operation L/

* Main goal: elimination of all orbit-related settings errors at the TCTs and IR6 TCSGs!

* BPMs will improve collimator operation by providing:
— online monitoring of beam centres
— possibility of interlocks on orbit measurements (should always be 0 with centered jaws)

— fast fill-to-fill TCT alignments, or as frequently as required

* DPossible future usage for transfer line collimators (SPS measurements done with single pass).
* Better monitoring in IRG6:
— find out earlier on possible problems rather than waiting for the infrequent loss maps

— can also be used for the SIS interlock of the TCDQ centering/retraction (J. Wenninger)

* Commissioning with beam will be required to ensure calibration of electronics for
correction of noise and BPM non-linearities.

* Engineering specification to be drawn up in collaboration with BI team.
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LHC Collim‘ation

Project

y Summary

* The collimator settings generation and verification cycle was presented.

* Potential error locations in the cycle and tools developed to verify the settings were identified.

* The different components of the present top-level collimator monitoring system were
discussed, highlighting the different layers of abstraction.

* A settings error occurred in 4 out of 1097 (0.36 %) cases in 4 years of operation. A tool was
developed to ensure consistency between alignment measurements and LSA settings.

* Possible improvements in the current collimator status monitoring and the status of MAD-X

online tools was reviewed.

* Test results for a fast alignhment in < 30 sec with an accuracy of <10 pm, and the status of
current work towards maximizing the operational potential with BPM button collimators
were presented.
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y Collimator Settings 2010-2013

ad

Coll Family Injection [o] Physics Relaxed [o] Physics Tight [o]
TCP IR3 8 12 12
TCSG IR3 9.3 15.6 15.6
TCLAIR3 10 17.6 17.6
TCP IR7 5.7 5.7 4.3
TCSG IR7 6.7 8.5 6.3
TCLA IR7 10 17.7 8.3

TCT 15 11.8 9/12 (IP1,5/2,8)
TCL 20 out 10
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(LHC Software Architecture)

Machine Setting

(active)
beamprocess

ar ame
tr1ms

actlv
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theoretic al\\
aperture
model

beam-based
aperture
model

N

( Display\\d

LHC Aperture Meter

Solution / Design

Aperture Meter as a fixed display in the Control Room

LHC Colllmatlon

cal

available aperture

culate

calculate
interpolated orbit

Calculate the available free space for the beam by |
merging measurements and online simulation data E

>§<

determine minimal
space between orbit
center and aperture

calculate 10
beam size

>§<

/_/—-""’ \—\_\ express minimal
e spaces in n O of the
\ LHC ) beam distribution
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bottleneck
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