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CMS commissioning overview
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underground commissioning
CMS dictionary:

CSA — Computing, Software and Analysis challenge

CCRC - Common Computing Readiness Challenges
MTCC — Magnet Test and Cosmic Challenge
CRUZET - Cosmic RUn at Zero Tesla
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= Test a “vertical
slice” of all aspects
of final CMS on the

surface

= Commission the
CMS magnet

= Measure the magnet
field map

|

Muon chambers

barrel & endcap
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Magnet Test and
MTCC Cosmic Challenge

Event display of a cosmic muon
with the magnet at 3.8T with
signals from Tracker, ECAL,

HCAL and Muon DT

= Magnet was successfully
tested up to 4T

= Field maps measured for
several working points
between 2T and 4T
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CMS

Austrian Academy
of Sciences

Magnet Test and
MTCC Cosmic Challenge
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Heavy lowering

CMS

1

YE-

415 Jan08

1 Novor

I~ w./
\ 'n .

\Kc\"‘ 2

S T —

Y,

|. Mikulec: CMS Comissioning



_cMS Global Runs

= Started May 2007 - A few days / ~month " Last 4 months - full week
_ exercises (CRUZETs) with all or
= Goals: -
_ large majority of subsystems
= Integrate parts of CMS mtc? DAQ process as integrated - achieved more than
soon as they become available 8 hours stable running, tested
= Test the trigger (L1, HLT) and L1 trigger sustained running with LHC
throttling using cosmic and high rate random trigger rates
triggers
= Introduce 24/7 shift operation and test/develop |4 350210 :
DQM (Data Quality Monitoring) §300_ ____________ ~ Cruzet4
= Exercise data transfer to CAF (CMS Analysis b Cruzét3

Facility) and Tier 0,1,2, prompt reconstruction, | 2s0 .

alignment and calibration 2005 Cr929t2
= Use collected data to understand trigger and R L =
read out synchronization and detector Cruzet1 ........................... ............ i ________________________ |
performance using inter-system correlations | | | S .
= Global runs have taken place while CMS was | ¥
being assembled, services inSta"ed etc_ so 50 :_ ......... s ............................ ......... - ............................
every month the complexity of the system or | oo, L. ??’3?0':)".933';".‘;. go‘z:!)e.c.tfgoo
the functionality could be scaled up run
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CMS,/

ot 0, Pt

Global Runs

= Subdetector and trigger considered separately - 19 items, each equally weighted - box
size represents approx. fraction included (25%, 50%, 75%, 100%)

= With exception of some parts of RPC, all CMS detector and trigger system ready for LHC

100

% CMS

Reached scale of
'06 Magnet Test &

Cosmic Challenge

\

«0 1 First u coincidence
of 2 subsystems

4 A
Upgrade to final

DAQ software
architecture

AN

First cosmic
muon triggers
underground
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CMS DT Barrel muon detector:
= Drift Tubes
ol
. : DT tri r servi her
First results from cosmic data: q tt ?ge. service to othe
single-hit resolution of barrel drift etectors:
tubes (DT): <250 um m.i.p. signal in ECAL from a
ResX in MB1 ResX in MB2 cosmic muon triggered by DT
1 [ wreswer ]| 20000 7 hResXMB2 Y 7 =" T R
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P Tag & Probe with cosmics

» TOF-compensated cosmic trigger: di-muon-like signal in DT

* Probe muon trigger and reconstruction

Probability to find at least one
segment at the probe side

| .
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i Tl W W

-150 -100 -50 0 50 100 150

| - ¢ [deg]
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“X-ray” image of the shaft using
cosmic rays

~6000 4000 -2000 ' 72000 4000 6000
x (at surface) [cm]
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CSC Endcap muon detector:
Catode Strip Chambers

| RecHit Global Position (Station +1)| | RecHit Global Position (Station +2) RecHit Global Position (Station +3)
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Austrian Academy
of Sciences
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CSC synchronization using
Global Run data:

Segment efficiency before
and after synchronization

200 400 600
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CMS

RPC Muon detector: i
Resistive Plate Chambers

Austrian Academy
of Sciences

Example of resolution studies using Global Run data:

Layer efficiency (in %) using tracks

residuals wrt. tracks triggered by DT reconstructed in other 5 layers
Residuals for W+1 RB2out S11 Backward EfficienyFromTrackExtrapolation_for W+1_RBlout S10_Backward
3 = &
g 220 Entries 514 SRR el e i e B i i I B B e e B T
3 F Barrel RPC -+ 3T Il + | il H * *
= e 0078982 0osioss g L e i i
180 :— Z 0.9361 = 0.0456 S 80—
160 | HV = 9.3 kV | - T
140 ;— o
120 60"
100 B
80 ;— 40—
ol - Reached expected 97%
40— B
20 . [cm] -
:J_Ja1'=lav=-ld;rl;¥=|#! =on = 1 '_Y_'Pr'ﬂv—'_uﬂ_. ] R B
0 -10 -5 5 10 B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Residuals (cm) 9 10 20 30 40 50 60 70 80

Strip Number

Aug08: full barrel and one endcap integrated
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CMS

. ' dE/dx from tkLength and 3x3 | Eotes ars |
Reconstructed clusters matching muon tracks e 3F ; :
_ Entries 92972 | ¢ X_ energy _
80—_| 1 1 | ;I |. -Il_ l. | | . | | T T 1 | 1 |; I | 1 T 1 | I I |_—f deposrt for Cosm|C
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= e/y trigger tested by triggering on m.i.p. signal

* synchronized to muon & HCAL triggers cluster!

17.4/10.2 Fps
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CMS

o~ _/
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Endcap ECAL

End of Aug08 — Endcap ECAL part of Global Runs

-

A [or
?/K/\
/Z

/

Barrel ECAL

Endcap ECAL
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CMS

HCAL

Austrian Academy
——— - of Sciences

DT vs HB/HO correlations (muon tracks) Response to cosmic rays

Dt<->HB phi correlation | Dt<->HB eta correlation |

HB+ Ener Bottom,Gev HB+ Energy (Bottom,Gev)
= . . 22 | gy ( - ) | Entries 5105
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CMS./
2 Tracker

Tracker alignment study from July run

%4 03 02 04 0 0.1 0.2 0.3 0.1 0 0.1 0.2 0.3 0.4

Residual for TIBHalfBarrel 0 in TIBBarrel Residual for TOBHalfBarrel 0 in TOBBarrel
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Tracker/Pixel
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(:r~4§;/;

§7.3/10.5 Fps

Global Run <=

B.6/0.0 Fps

Global Tracks: Tracker + Drift Tubes

I [=

Tracker

ECAL

HCAL

14.8/0.0 Fps

21@21,uiaaa-mafﬁ%{fﬁzmﬁﬁiff

=lolx]

|. Mikulec: CMS Comissioning

Prerequisites:

infrastructure, u-trigger,
DAQ integration,

r/o synchronization,

muon calibration,
reconstruction/tracking,
etc. ...

Tracker ;

19
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e

- Computing and Software Challenges

R —

* Test preparedness to deal with LHC data taking and analysis workflow

* Full fledge exercise carried out in May 2008 using simulated data

Computing challenge:
Data transfer, reconstruction Prompt Reco
concurrent with other LHC
experiments to test GRID P A—

At the same time:

«Complete & deploy physics
analysis tools

Calibration Re-Reco
*Vertical integration from ,
Detector Performance Groups . . Skims
to final physics plots
20-200MB/f ~|OMB/s

«Commission “physics analysis
paths” from Tier-0 to Tier-1 & : .
Tier-2 Simulation ¢

Analysis

*Perform analysis as if it was real
data flow

|. Mikulec: CMS Comissioning 20



CMS

_ 1| Computing and Software Challenges

CMS PhEDEX - Transfer Rate
132 Hours from 2007-12-01 06:00 to 2007-12-06 18:00 UTC

Transfer rates during

Global Commissioning Runs
(different colors — different Tier 1’s)

Ll T
50 -
&
i
S
o 0
o
-
i, 1
2007-12.02 2007.1203
To C th Fageet 9 T1_ASGC ﬁ Hor B TO CERN Fxport o 71 CNAF _Bufter TO CERN_Export o T _FNAL Bufter
BTOoCER aport o Tl _FZX _Bufter I TO_CERN Export o T3 _IN2PT_Butter TO CERN _Export o T]_PC_Batter
B T0_CERN_Export 0 T1_RAL l i

Maxmmum 3% 00 MBa. Mimsmum: 0 00 MBS Average 2 44 MBS Curmnt © &7 My

Transfer rates during

a CERN wide

Computing Challenge
(different colors —
different experiments)

CMS exceeded the target
export rate of 600 MB/s
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Throughput (MB/s)

Date {(dd/mn)

Averaged Throughput From 01/02/08 To 06/06/08
VO—wise Data Transfer From All Sites To All Sites

2500 M
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500 [ | || =
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CMS CS A08 Computing, Software

and Analysis Challenge e
Alignment and Calibration tasks during CSAO08:
= ECAL Calibration = Si-Tracker Calibration
" ¢ symmetry = Strip dE/dx
= 70 calibration = Strip Lorentz angle calib.
= Z—ee = Pixel Lorentz angle calib.
= HCAL Calibration = Tracker Alignment
= ¢ symmetry with noise = Various tracking algorithms
subtraction = on min-bias, muons p,>5 GeV
= |solated-track calibration & 11 GeV, cosmics, di-muons
= Di-jet balancing (— flat = Muon System Alignment
response in 7) = Global tracks
* HO (“Outer HCAL") » Muon-system standalone
calibration for muons
* Muon Calibration Multiple samples: min-bias, noise,

= T, calibration QCD jets, cosmics, J/y, Z, ...
" v, Calibration

2 Scenarios: 1 pb-!' and 10 pb-’

|. Mikulec: CMS Comissioning



Final Closure OAW

Austrian Academy
of Sciences

%
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CMS

Underground Magnet Test

 Magnet test
interrupted due to

Event display from Magnet Test beam operations
St g 36 01595755 2008 T | + Reached 3T — no
[? - = , effects in HCAL
< TSN g ~ g,
= A i__;;_.g;@ ) "‘-;. , | V':.' ' _
iil'&l!@'w"ll% B . Dr'ftTubes_ B * Unforeseen fringe
iy no field effects on
e iy surrounding
Tracke[ e mechanics - being
il = addressed
UVETVIEW OT CUITEIT CyCIES
for magnet re-commissioning in UXC
2 3.8T
3T
15 : ]
: 2T
1T
M LT
3 0 1 2 3 4 5 6 7 8 9 10
t/.:_' = Time scale (days)
|. Mikulec: CMS Comissioning 24



CMS/

First beam: splash events

Beam shots (~2x10° p) on collimator ~150 m from detector

HCAL -

>80%
channels
fired

1oo 1000TeV | ———

deposﬂs

|. Mikulec: CMS Comissioning

Beam triggers
(BPTX, BSC)

correctly timed in to
CSC and HF triggers

Example of
synchronization of HCAL
- Mcasuércd
50|
- Calculated
40— : § : :

i OO, TR L T W -
: Endcaps \\

® | previously | '
| not -
'synchronized

sy pigiliss i : o]
=40 -30 -20 -10 0 10

20 30

Eta
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~ . First beam: splash events

ECAL - use splash events to study occupancy, synchronization and bad channels

|. Mikulec: CMS Comis:

N TOWERS

15

10

100 150 200 250 300 350

ECAL energy deposﬂs in splash events — beam 1 (from + S|de)

Endcap+ ECAL

: ' ; < 1.‘ % R v
r'--’rm"# " .
‘ . . ot .

" ,.ﬂ:‘J ' i ] ' ‘_ -
% : - ‘r.' ! <L
-5 ” . . 3

ECAL
synchronization
to<2ns

5.8

AT [CLOCKS]
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CMS

First beam: splash events

Correlation between signal in Beam Loss

Monitors (BLM) and energy deposits in

ECAL and HCAL from first collimator shot

session

|
CMS e
2BLM 19 4 45K 4
=01 Q2 Q3)| DI oomsaw D2 04
TAS  MOXA MDB MO MBXW TAN XRP1 [MBRC MOY|
. a8 S
14 Hn_—xeﬁ o.m,,_ﬁ T T
1955 1905 b 34 ]
485 20,385 2067 8267 24,03 213 am Faszl
28 904
1B collimator

2(BLM+SEM) 3BLM
150m

ECAL — BLM correlation

230000 -

® BLMEI.4L5.B111_TCTH.4L5.B1
— BLMEI4L5.B111_TCTVA.4L5.B1 g
> + BLMEL4L5.B2E1_TAN
) 220000 { ® BLMEI.4L5.B2E1_TCLP4L5.B2
(D « BLMEL4L5.B2E1_XRP_MBRC
Rl o e
>, 210000 . &
@)] ] %
CT) B * >
C 200000 1
()
—~~ . e
$ 190000 1 P—
L] T 4
~—"
180000 - ®
é L -]
- - . .
0 170000 - & 4 .
L . .
160000 v v v . v v v
0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20

|. Mikulec:

BLM normalized to average

CIVI\J UITHOOIVILITITTY

1.25

HCAL Barrel Energy Equivalent [TeV]

HCAL — ECAL correlation

-
N
o
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..................................
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Austrian Academy
of Sciences

File Vertical Timebhase Trigger Display Cursors Measure Math Analysis  Utilities Help

Examples of beam halo events
detected by endcap muon
chambers (CSC)

Orbit signals

1
. T .
Measure P1:skewi{C1,C2) P2:skew(C1,C3) P3:skew(C2,C3) P4:delay{C1) P5:delay(C2) PB:delay{C3)
value 367.655ns 377.188ns 9533 ns 25150918 ps 25518538 s 25526577 pus
mean 367.33619ns 376.94584ns 9.60965ns 2515108227 ps 2551862957 ps 2552678251 ps
min 366.981 ns 376.819ns 9.406 ns 25150918 ps 25518435 s 25526577 ps
max 367.655ns 377.1889ns 9930 ns 25151212ps 25518746 ps 25526972 ps
sdev 161.67 ps 115.05 ps 150.70 ps 10412 ps 121.83 ps 154.09 ps
num 25 25 25 5
status v
C1

Waiting for Trigger

|. Mikulec: CMS Comissioning



CMS,

RF captured beam

Comparison of CSC beam data with cosmic and halo MC

beam halo data 12-Sep-2008

100
‘ orange: beam ON data I

80
- \ black: beam OFF data I
60 ‘ blue: beam halo simulation I

Illl

40

20

00 014 02 03 04 05 0.7 08 0.9

angle w.r.t. normal (radlans)

|. Mikulec: CMS Comissioning
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CMS

Studies of cleanness of captured beam

RF captured beam

CSC halo trigger rates vs. time

40
35
30 |
235
20
15
10 |

halo rate(Hz)

40m

35
30
29
20
15
10 |

halo rate(Hz)

40

30
25
20
15
10

halo rate(Hz)

—
e
—

RF

Sector 1 |

capture
<—>

11 1

Sector 3 |

l‘-I}LM@lAlMI

!

|

22:15%
22:20}

22:25

22:30F

22:35}
22:40 ¢
22:45}

22:50F
22:55]
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halo rate(Hz) halo rate(Hz)

halo rate(Hz)

history of halo rate(/10s) in ME- trigger sectors, Sep 11

40
35 F
30
25
20
15
10

5h

RF Sector 2 |

capture
<—>

1

40
35F
30
25
20
151
10 |

35+
30
25
20
15
10

5

Sector 4

5_ .
40‘~V—-L'LLL‘V'L‘:“?“"‘AF“ P Y

Run 62095: HE- X-Y Energy deposition |
N .
200

-200,

200 -100 0 100 200

HCAL -endcap energy deposits

[

22:155
22:201|

22:25F
22:30

22:35
22:40
22:45

22:50

22:55 ¢

200

Captured

-200|

30



CMS

Conclusions

CMS was ready for first LHC beam

Practically all detectors fully integrated
= Missing channels at few % level or less
= Synchronization at few ns level or better
= One RPC endcap to be integrated
* Pre-shower to be installed

Magnet shown to work on surface
= Underground magnet commissioning to be finished in next weeks

Trigger ready and synchronized to ~1 bx
= Fine tuning to be done with beam

DAQ shown to be capable of handling startup LHC data

= Final High Level Trigger farm to be commissioned
Alignment and calibration workflows in place

Offline SW and data handling ready for beam, monitoring and
prompt analysis in operation

Efforts concentrate now to achieve smoother, more automatic
operation and consolidate monitoring and workflows
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