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#®) Commissioning Strategy Last Weeks

I
450 GeV re-commissioning
|

Machine protection commissioning at 450 GeV

1
Mike Lamont et al
|
Establish stable beams at 3.5 TeV

]
Collisions at 3.5 TeV
1
]

Collisions at 3.5 TeV squeezed

Full machine protection qualification

\
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@ Outline

m The squeeze story: Getting all 4 IR’s squeezed to 2m

IR1 and IR5

IR8

IR2

All 4 IR’s at once

Qualification tests for machine protection

m Higher intensity
Storing 10 bunches at injection
Storing nominal bunch charge

m Feedbacks, emittance and operational issues

Feedbacks
“Hunt the Hump”
Multiple beam-induced quench

m Conclusion
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8 PART | — Squeeze IP Beam Size @3.5 TeV

... a long story but with a happy ending...
This is one of the most complex stages of operation!

m Change of beam optics to reduce beam size at the interaction points.

m Goal for 2010 beam size reduction: factor ~2.2 for each plane
(factor 5 in IP beta):
=» factor 5 higher luminosity

m This is a change in §* by a factor ~5! Complex control of all IR power
converters plus precision corrections.

m At the same time the beam size at the triplets around the experiments
increases significantly:
=> triplets become aperture bottlenecks

m Protection of triplets and experiments against beam loss must be carefully
verified before stable beams.
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3 Step 1: Squeezing and correcting IR1 & IR5

m (-beat for Beam1 @ B = 2m after correction using IR5 Q2:

ImageMagick: HVbetabeat.IR5corr.eps

LHCB1 3.5TeV
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Example: CMS Luminosity Optimization

Luminosity Scan Application
[3] ¥ RBA: Ihcop

Select Beam Process |SQUEEZ&3.5TeV_IP1+lP5_Vl]@429_[END] |vl
[ vdM | Optimize | IR Steering [ Knob Creator | Analysis | Database Extraction |
Select Files
Horizontal Plane [/2010;1031/VDM/IPS_B2 _X_19-59/scan_summary. dat| Vertical Plane ;20107103 1/¥DM/IP5_B2_Y_20-10/scan_summary. dat|
File Date Time IP Beam Plane Fill Nhb. Momentum... NEBE1 N B2 Coll. bunches|Nom. Beta ...|Nom. Sigm...|Int b1 [p/b...|Int b2 [p/h...
Horizontal  [10-04-10 |19-59 IPS B2 X 1031 3500.0 4 5 2 2.0 4.483953... [652.1491... [1000.0
Wertical 10-04-10 |20-10 IPS B2 Y 1031 3500.0 4 4 2 |2.000000... [4.483953... [298.5668... [974.7330...

Yertical Plot Options

g/ [ume  [3]
[T

Horizontal Plot Options [ views | | More _|
Horizontal [10;04/10 20:20:24] * %

Vertical [10/04/10 20:20:28

0.005- ,.//’F‘ TN
[[]Logscale P [[]Logscale
0.005 AN
[[]Normalize by N1*N2 LN [[] Normalize by N1*N2
\,
i 00045
0.0045 '
Horizontal Fit \ Vertical Fit
A
Gauss ] 0.0041 i
v []
Name Walue Name Walue
Sigma [3.992E-02 - \‘ Sigma  |3.906E-02 -
Sigm.. |6.879E-04 0.004+ 0.0035 N Sigma.. |6.460E-04
Mean |-2.¥57E-03 = N Mean |-2.161E-02 =
Mea... |5.118E-04 \ MeanErr|6.618E-04
Coeff |4.968E-03 — 0.003 \ Coeff |5.308E-03 | —
Coef... |3.076E-05 \'\\ CoeffErr|2.710E-05
Chi2z  |3.272E00 — AN Chi2 6.266E-01 —
nlf 2 a0OEAN 7 0.00354 \, it CYY Y=Y bud
Fit L0025 Fit
T T T T T T T T T T T T T T T T T T
-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 -0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04
Calculator
sigmax [mm] sigmay [mm] N1 [p/bunch] N2 [p/bunch] Nb coll. Luminosity [cm-2s-1]
Console |
20:19:18 - null v - - - )

java. lang.NullPointerException
at cern.lhc.app.analysis.AnalysisFileUtil.getData(AnalysisFileUtil.java:220)
20:20:14 - File Selected: /user/lhcop/lumi_scans/2010/1031/VDM/IPS_B2_Y_20-10/scan_summary.dat
20:21:26 - Knob changed: now Monitoring LHCBEAMZ/IPS_SEPSCAN_Y_MM
20:21:31 - Enob changed: now Monitoring LHCBEAM1/IPS_SEPSCAN_Y MM
20:21:37 - Knob changed: now Monitoring LHCBEAMZ/IPS_SEPSCAN_Y_MM

<]

S. White
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) ATLAS and CMS Improvement

0.006 —~4.5¢
CMS instantaneous lumi: miniscan at f* =2 m (%) - : |:|Aﬂr>«'~«~ed
o 4F
LE) E \ DSlauleDa«v.
= RO 3 * 5 ~ Hlj .ATL Ready Rec
2.004 S ab v
= — 3F
e) E . f ll u\hl__
|—I 3 25: IL'J
= Q2 |
3).002— ~ -
1.5
1
l_l 1 I l_l 1 l 11 Il 11 l L1 1 I Lol 1 0.5 atlas
19:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00
2010.04.10 - - 2010.04. " PRI B L A .
13:00-00 Time [hour:minute] 22:00:0 1058h 10-1ih 10-1ah 10-17h 10-20n 10-23h T1-02h 17-05h 1-08h

CEST Time
M. Ferro-Luzzi

Increase after squeeze: Factor 4-4.5 (to be compared with expected factor 5)

Luminosity up to 5x1027 cm=2 s,
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| Step 2: Squeezing and correcting IR8

m (3-beat for Beam1 after squeeze and @ B = 2m in IR8 after
correction of Q5:

ImageMagick: HVbetabeat.IR8_2m_Correction.eps

LHCB1 3.5TeV
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Rogelio Tomas et al
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| Step 3: Squeezing and correcting IR2

m (-beat for Beam1 at §* = 2m in IR2 (all other IPS at p* = 2m):

LHCB1 3.5TeV

0 5000 10000 15000 20000 25000

Longitudinal location [m] Rogelio Tomas et al
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@ Problem Example |: Too steep current requests

RQS.A78B2 (17/04) tripped 3 times due to steep current-ramp requests.
RQS.A56B2 (16/04) tripped once for the same reason
QPS inductive compensation does not have time to react.

V_REF translates directly into U_RES which goes above threshold.

Functions need to be adjusted / smoothened.

=

= FGC 51 _self 100416-112554.940_RPMBA.RR57.RQS.A56B2

=

= FGC 51_self 100416-112554.940_ RPMBA.RR57.RQS.A56B2
B ® | tesendatien | [DeuitScaie] [[scroenCapure | [Scare £10] anavsis |
&
o1 mossssseia [
s Aseszi REF [
340 840 112558, 8s.
P - =

m Fixed as found...

m Thanks to crucial help from MP3 team on shift!

23.4.2010

+HE w I atlet < | [ DefauitScale ] [ Scroen Capture | [ Scale £10] Anaysis < |
02840671
nnnnnnnnn ROS ASSE2Y MEAS [~
RS ASSB2Y REF

UUUUUUUU [ —
nnnnnnnnnn
nnnnnnnnn
nnnnnnnnnn
nnnnnnnnn
uuuuuuuuu
nnnnnnnnnn
nnnnnnnnn

12583 25 4350 54 25:54.260

[ fite: I~ eepx? me I tip 10/

= QPS DQAMGA 4 100416-112554.923_RQS.A56B2 ==
HEw® | sendatiet < | [ DeautScale | [Serven Copure | [BeaE0] Anatysis | [Yiog]
=
3 1
o
ros
254200 " 12554600 112554500 1mas
[ fie: ™ keepxe aig) 02 [ trip time

LPCC, R. Assmann
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) Problem Example Il: Discontinuities after incorporation

Displayed Function: RPMBA.RR17.RQS.R1B1/IREF, RPMBA.RR17.RQS.R1B1/IREF@2010-04-21 10:01:18.412

! - M
—— RPMBA.RR17.ROS.R1B1 /IREF
—— RPMBA.RR17.R0OS.R1B1/IREF&2010-04-21 10:01:18.412

=>» Fixed by new software



Problem Example Ill: Leftover trims incorporated

Displayed Function: LHCBEEAM1/QV_TRIM, LHCBEEAM1/QV_TRIM@2010-04-21 12:23:09.742

0.08 ] i
—— LHCBEAM1/QV_TRIM
—— LHCBEAM1/QV_TRIM&2010-04-21 12:23:09.742

0.07
0.06
0.05

0.04

0.03 /_/

0.02

I I I I 1 1 1
0 200 400 600 800 1000 1200

=» Fixed by procedure...

Many small issues that require to be found and fixed. Each
little issue costs 5-6 hours!
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Step 4: Squeezing and correcting all 4 IR’s

Rogelio Tomas et al

ImageMagick: HVbetabeat.correction.eps

LHCB1 3.5TeV

AT100C1100A1000L1000_FLAT_INJ 3500.0 0
A1100C1100A1000_0.00951L1000_0.00951_FLAT |3500.0 23
A1100C1100A982_0.00941L1000_0.00951_FLAT  |3500.0 110
A1100C1100A950_0.00928L950_0.00949_FLAT 3500.0 185
A900C900A900_0.00915L900_0.00949_FLAT 3500.0 280
A900C900A850_0.00907L850_0.00945_FLAT 3500.0 354
A900C900A800_0.00901L800_0.00942_FLAT 3500.0 418
A900C900A750_0.00897L750_0.00932_FLAT 3500.0 456
A700CT0O0AYD0_0.00893L700_0.00923_FLAT 3500.0 589
A700CT700AB50_0.00891L650_0.00915_FLAT 3500.0 659
A700CT0O0AB00_0.00889L600_0.00909_FLAT 3500.0 705
A700CT700AS50_0.00889L550_0.00904_FLAT 3500.0 752
AS00C500A500_0.00889L500_0.00900_FLAT 3500.0 544
AS00C500A450_0.00889L450_0.00896_FLAT 3500.0 892
A400C400A400_0.00889L400_0.00893_FLAT 3500.0 S
A400C400A400_0.00889L375_0.00885_FLAT 3500.0
A350C350A350_0.00889L350_0.00882_FLAT 3500.0
A350C350A350_0.00889L325_0.00878_FLAT 3500.0
A350C350A300_0.00889L300_0.00875_FLAT 3500.0
A250C250A250_0.00889L250_0.00872_FLAT 3500.0
AZ200C200A200_0.00889L200_0.00872_FLAT 3500.0

21 optics steps!

Mike Lamont
Gabriel Muller
Marek Strzelczyk
Stefano Redaelli
Xavier

23.4.2010
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LPCC, R. Assmann
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@ Squeeze now starts working smoothly!

= |{B1) = I{B2) — Energy

2.5E10 A
2E10
1.5E10
1E10
2E9

Intensity

21/04' 14:00 22/04 02:00 22/04 14:00 23/04'02:00
Look at 4 most recent fills in last 48 hours!
All these fills made it to 3.5 TeV and 2m *!

First two still affected by bugs (intensity loss) but used for qualification
study!

Last two fills without any problem, very smooth!

Used for provoked loss tests in preparation for stable beams!

23.4.2010 LPCC, R. Assmann
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Provoked vertical beam loss on beam 1

07— . -
? 3 3 ~cold ——
4 S collimator
0.01 ¢ g c warm ——
L 6 "é
0.001 * i <
) : é s
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';' - ]
3 1e-05 ¢
- i
g
S 1e-06 E
o

i

|

0 5000 10000 15000 20000 25000
s [ml Collimation Team

2m optics exposes IR’s as expected! Protected by tertiary collimators.
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) Zoom (vertical loss beam 1)

Betatron Cleaning

0.1

0.01
0.001
0.0001 |

1e-05 &

Beam Loss [Gy/s]

1e-06

1e-07

1e-08 ‘

1e-09 |HIH

19000

20000

l___'__['____'___'___'___'___;___'___'___'__.;__' ' cxold‘;

factor 4,000

collimator
warm ——— 3

factor 1,000

______ U
IR
factor 600,000
________________ Y]
21000 22000 23000 24000
s [m] Collimation Team

=2 OK for stable beams from collimation!

23.4.2010
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@ Provoked asynchronous beam dump

[ BLM/BLMLHC : A
. - . Un |G ray { s | I Scale: |Log |v| Integratio e: Slan[@ End[@g L 2 Display: ‘ |-
. . . y 23.04.2010 04:13:22
1e-3 Ieakage to tertiary collimators in IR’s
= OK J@_or stable beams from begm dump! ..
|| 1Brennan Goddela rd et al ||
D’Sho“ Labe |5 [] = p” S S DuseDCUM
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@ Status and Outlook Squeeze

23.4.2010

Squeeze to 2m for all 4 IR’s established.

All IR’s steered into collision.

Golden orbit established.

All 16 tertiary collimators adjusted.
Squeezed optics fully qualified for protection.

Next: intensity from 2e10/beam to 3.5e10/beam
Next: Stable beams with 10 times luminosity:

1022 cm? s' in reach

Still a lot to go but first steps are most difficult!

LPCC, R. Assmann
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@ PART Il — Increasing Intensity at 450 GeV

... will be a long story but so far very happy...
This will be the challenge of LHC!

Goal: Factor 10 at injection.

23.4.2010 LPCC, R. Assmann
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88 Increase Intensity: Number of Bunches

Dump of the 10 bunches

ARMING

INJECTION
SOFTSTART

1QC

POC

factor 10

LASS MAINS RETRIG

BTVDD BPMD

Brennan Goddard et al

LHCBEAM2-15/04/2010 02:50:16.325

23.4.2010
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@ Increasing bunch intensity

Performance ¢

w
o
o
O

factor 10

(=]

)
i
=
v
-
=

== NN
e U1 © U
[ B e B e T e
=)
Energy(GeV)

o

200

0
09/04 02:00 09/04 14:00 10/04 02:00

Major success for LHC: Nominal bunch charge at 450 GeV!
25 hours beam lifetime!

Means: No single bunch show stoppers from dynamic aperture, instabilities, ...
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@ Increase Intensity: Over-Injection

23.4.2010

m Example of over-injection of 1E11 — 40 us integration

r Sectors Filter [ Octant Filter [ Dump Filter | List Filter | Regex Filter |

il

||

Filter (1361 / 3879)

Section

Secwrl_ Osses fro m Ove r_l nJ eCtI O nn on Element Observed Element

V] LSS W1-2 1trance
Losses from TL B e
[v] DS [v] Center %
3-4 7-8 2 Top
- [JARC W4-5 8-1 by Bottom Exit
Total Loss@g80.4619 [Gray / s] / 16.04.2010 01:03:28

Losses [Gray / s]

1E-4

Sector 1-2

- / o . Sector 2-3

Brennan Goddard et al

Acquisition Beam Losses
BLMQI.03L2.B1E20_MQXA

i

Monitors

[]Show Labels [] Display Optics Elements []Use DCUM
| P start | | Stop ‘ | | Save I [[] Continuous Saving
01:03:29 - Monitoring Stopped. £

g Stopp: R A e




) Tunnel View

Transfer line '8
collimator i

23.4.2010

Ring magnets with |
beam loss monitors

Collimation Team

LPCC, R. Assmann
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! Increase Intensity: Emittance

m Emittances versus bunch intensity:
Injection team

4.0 T , _ ,
= - B1 Emittances vs intensity
© N
_33.5 e e e e e e e
© N
§3.o +
c - X
825 + x °
£ F x & °
£2.0 + X + :
) -
- *
1.5 +
O actor 1
=2 beyond 1e10 pilot
- >
00 B 1 1 1 1 % 1 1 1 1 } 1 1 1 1 % 1 1 1 1 = 1 1 1 1 % 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

Intensity [e11]
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Increase Intensity: Tune Shift Beam 1

0.0000
i Injection team X B1V
i R :
00005 - ¢ BlH
- . -1 \ =
: AQ,, = 0.0005
-0.0010 N X o -
: ™~
10.0015 “x
B -
- y=-2.02E-03x + 2.45E-05 AQv ‘-\9-001 9
B 1 —— \\
0.0020 T y = -4.91E-04x - 4.76E-04 X
10,0025 A —
0 0.2 0.4 0.6 0.8 1 1.2

23.4.2010

LPCC, R. Assmann

Intensity [el1]
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@ Tune shift: Measured versus Expected

Q,, tune shift Se-4 1.5e-3
Q, tune shift 1.5e-3 2.0e-3 4.5e-4

What are the predictions (with nominal beam parameters)?

(213) for 1e10 to 1e11 p

Single-bunch Y-plane Coupled-bunch

to be studied
systematically:

impedance vs.
collimator settings

other source?

= PRELIMINARY result from Nicolas and Benoit: ~ -4.4E-4 for 1E11 p/b Elias Metral et al

Elias Métral, Impedance meeting, 22/04/2010 6/18

23.4.2010 LPCC, R. Assmann
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88 PART IIl - Feedbacks, Emittance & OP Issues

...the cure, some issues...

23.4.2010 LPCC, R. Assmann
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Tune Feedback in Operation

m Tune feedback during ramp: Ralph Steinhagen et al

5 BI-QP FixDisplay RT-Trims Evolution n" = E
l Save ‘
1 e 3T B S T T N TN N o e T T T e e N N e -0
08— Orbit-H - rms
7 |m—Orbit- - rms
E‘ == gr::c- max 0.1 =
- P roit-v - max i
‘E‘ 0.4 (= = Radial-Trim o
£ 021 (02 £
S =
1]
g £
£ .0.27 03 =
2 S
£ 047 B
S 06 -0.4
-0.87
r-0.5
-1 T T T T T T T
04:10 04:20 04:30 04:40 04:50 05:00 05:10
Legend i,

e Tun2B1-H
0.02 7 |o = TuneBtv
== TuneB2-H
= = TuneB2-V

0.015

0.01

tune trim [frev]

0.005

T T T T T T
04:10 04:20 04:30 04:40 04:50 05:00 05:10

Legend
0.8 ChromaB1-H
== ChromaB1-¥
0.6 |=== ChromaB2-H

= = ChromaB2-¥
0.4

0.2

-0.27
-0.4

chroma trim [frev]
(-]

-0.67
-0.87

T T T T T T T
04:10 04:20 04:30 04:40 04:50 05:00 05:10
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Orbit Feedback in Operation

= YASP DV LHCRING / RAMP_3.5TeV_2Aps_short_ Vi@2800_[END] / beam 1 =
R views | [ (m| =]z [ @ More | 38
“Average Pos H [19/04/10 08:45:42] : : £ 65 | RMS Pos H [19/04/10 08:45:42] 8% 63 | Dp/p (19704710 08:45:42) 5 85 63
0.025 ‘Legend _ |
Legend | Legend
—o— Average Pos H M Tnam {M : gp;n tidal predi
0,025 == Average Pos ¥ % 0.08 4| RMS Pos ¥ p/p tidal p
A % 0.02 -
0.02 4 {
|
! g
|
o015 ? = 0.015
£ | T E
£ ¢ =
= 0014 ¢ E H
g { g s
b )| = 2 0017
0.0051 4
!
1]
& 0.005 -
-0.005
0
001 T T T T T T r T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Time [s] Time [s] Time [s]

Maximum orbit change during energy ramp: 0.08 mm

23.4.2010

LPCC, R. Assmann

Ralph Steinhagen et al
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@ Transv. Damper: Damping Beam Excitations

Pickup Q7
Pickup Q9 |

05

Mormalized Transverse Position

5 Wolfgang Hoefle et al
! X0 ,
15 Pickup Q7
2 OFF . ON Pickup Q9
Turn E ]
Crucial device to =
keep emittance T
growth under control! =

_2 1 1 1 1 1 | | |
0 1000 2000 3000 4000 5000 G000 7000 8000 9000
Turn

23.4.2010 LPCC, R. Assmann
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Emittance Growth: Still a Problem

®3

5 100
¢ B1H
w51V / »
5 A B2H
e B2V
* Lumi_LHCb [ 80
25 - 70
L 50
2 f
A B
m e L 4 * N
n . 50 3
€
. 15 f o LU ﬁ
=" ol o i n - 40
| < Rt £ .
- O RETPHSRIE i W D0 oo vy - 30
! ! § ” O \'{»\,— X:.N - ST
1 (7)) M 1 > FVST )
2 é N — .O e g 4
c 5 e - 20
= E o 3
3 —<3
1Q N = T - 10
O = 3
T =
o — I Q 0
3:36 4:48 6:00 7:12 8:24 9:36 10:48 12:00 13:12 14:24 15:36
T.Time
Mirko Pojer
23.4.2010 LPCC, R. Assmann




©8 Lifetime Drops with “Quiet” Beam

m Our friend the hump on the lifetime - ~ 7 minute period

FBCT Average Beam Lifetime in h Updated: 02:48:36

T T T T T T T
01:00 01:15 01:30 01:45 02:00 02:15 02:30

Hunt thg Hump!

T
02:45

The hump is a vertical excitation on the
beam that has a fast frequency
component (therefore visible as “hump”
In the tune spectrum and a slow
moving frequency component (7 min).




5 4 Magnet Quench from Injected Pulse

m Losses in Sector12 at 450 GeV injection (1e10 p):

Sector 1-2

First injection into machine with some magnets mis-powered.
First injection always with pilot beam to exclude damage.

Collimation cannot protect for strong local kicks!

m Debugging of operational procedures...

23.4.2010 LPCC, R. Assmann 33




@ Conclusion
m Our “baby” (the LHC) learns walking surprisingly fast:

Routine ramps with 2e10 p to 3.5 TeV (just below safe beam limit).

Squeeze in all 4 IR’s to 2m p* starts to run smoothly (smallest 2010).

Squeezed optics fully qualified for protection = IR’s protected by
collimation as foreseen.

Tonight/tomorrow:
Stable beams: unsafe 3.5 TeV beam, all IR’s squeezed to 2m *.
Luminosity at 1028 cm2 s-1.

m In parallel important progress towards higher intensities:
Stored nominal bunch intensity at 450 GeV with excellent lifetimes.
Multiple bunches stored.

Various feedbacks running. Instrumentation, RF, cryo, ... very good!
Seeing and addressing issues: emittance growth, hump, thresholds,
impedance, operational issues, ...

m Remember, LHC is still a baby (for beam). So we try to guide

it carefully the first steps... (we do not want to fall)

23.4.2010 LPCC, R. Assmann 34




Thank you for your attention!
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