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First system test

Scaled-down
Infrastructure

Slice of nearly all final
components and DAQ

E 2 0 ~* CMS MTCC dala
= + L3+C (2004)
Muon chambers E *~ Rastin et al. (1984)
barrel & endcap © *- Baxendale et al. (1975) |
Parasitic to g’ i
B-field o o
measurements | -L+_
at 5 field values 1.0
: AL NS -> flelld maps for 1=0 = -
rzam\ physics > [GeV]

i
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March-August 2008: Waiting for Beam D)

4

Operate CMS as a
single detector

+ Integration of new 35010
sub-detectors E [ |
+ Increase complexity 300 oo
maximize stability = # | CRUZET4 : Pixel tracker
C inat ith 250( and EE join (final CMS
+ Coordinate wi | configuration) -
installation 2001 e —
schedule YT -. |
Infrastructure 150 Stnp tracker joins | gept.lﬂ:
. L " eam
+ DAQ, trigger 100f- - |
commissioning [ CRUZET2 g __
+« DQM, DCS, DSS 50 |I S
CRUZET1 -
+ Control Room f—= t e i i
0" 100 120 140 160 180
End March OB day
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Global Runs

7=

= 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 ALL CMS with 1
[7p) exception of 2 RPCE
= an J RCT/GCT Jet
:\': Reached scale of ’061 Muon Tracks in :”(MUHCD
% Magnet Test & Si-Strip Tracker L;;]‘:"’:":f |
. || Cosmic Challeng Final DAQ St of o | | D.'n,v"(j‘.'.r
o halrdwal_'e, week exercises Globla Trig
i e inal services A
«o | First u coincidence of (CRUZET 1) sc
2 subsystems A RPCH
pr— RPCB
Upgrade to “oT
final DAQ - - Tracker
software - - “EB
“Lumi
- = =
First cosmi — H B B H
muon triggers | -—| - “Hi
underground - ' H B B A T :
= = - - - - = = = s
u =3 = == = ' . 2 - S EE

May-07 Jun-07 JulO7  Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan0B Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08
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CRUZETS3: Global Tracks

= Di-muon Trigger:

e Drift-Tube coinc. in
top+bottom, each =
2 station segments

* Muon signals traced
through
_ e muon system
e Tracker TOB+TIB
« ECAL
« HCAL
= Global track fit

= Data used for
alignment
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CRUZET4: Endcap ECAL D)

4

End of Aug08 — Endcap ECAL part of Global Runs

Barrel ECAL | ; :

Endcap ECAL
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Tracker/Pixel

First cosmic tracks with Pixels
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% Testing the muon High-Level Trigger

Routinely running High-Level-Trigger menu (plus
dedicated cosmic muon trigger path)

Global fit with “L3” tracker track, seeded from “L2”
muon track, seeded from “L1” trigger candidate:

oT

Run 58733, event
1741135
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Cosmic Shower Events: @)

0.02% rate of events 59
with >100 segments in
~10M cosmic events at & =

OoT |

Event-by-event spread
iIn phi compatible with
multiple scattering —

all events compatible

A =~ 0.0171 |

muon
= h Z 500m e Run 50908
v
%Aq) ~ tan %Aq) __ [cMs e event 1057286
h o 541 segments
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- September 7-12 2008

- Beam1 on collimators (upstream
of CMS)

- 10 September (D-day) Beam 2, E=450 GeV.
- Beam 1, then Beam 2 circulating /_
(hundreds of turns)
- 11 September: RF capture

(millions of orbits)
- Beam halo through CMS

Beam 1, E=450 GeV
- Beam-gas events '\

- About 40 hrs beam at or

through CMS Q CMS Trigger and DAQ
- All systems active except Tracker fully functional: millions of

and Solenoid beam events recorded

CMS
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On 10t September
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Beam Splash Event Display @)

Longitudinal HCAL energy ECAL energy .

views

= . /.

Transverse Run 62063, Event 1534
views
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Beam Splash: ECAL Energy

> 99% of ECAL
channels fired and

~200 TeV energy
deposited in EB+EE

Beam (clockwise)
came from plus side.

Endcap calibrations
were not yet applied
(lowest gain near the
beam pipe).

2 = N W & o o ~N =2 @D
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Beam Splash Correlations

©)

<~

Correlation between ECAL &
Beam Loss Monitors

S 230

N
N
o

210

200

ECAL Energy (TeV

190

180

170

160

150

140

mﬁj

Co» TCTH: position of beam interaction
Lo TCTV: 2.1 m downstream
= TAN: 6.8 m downstream

Co TCLP: 4.3 m upstream

XRP MBRC: 5.3 m upstream

IIII|IIII|IIII|IIII|IIII|IIII|IIILE:|I

0.8 0.9 1 11 1.2
BLM measurement (normalized to average)

g
01 02 \\ 01
TS MOxA W Iu-il_"-) MBIW

by |ami L
wll
T

=
P 31—
E

CMS Detector Readiness

EM - CERN

Correlation between Energies in

barre
o~ 1200

o

1100

1000
900

800

700

HCAL Barrel Energy Equivalent [T

600

| HCAL and ECAL

p0 6.518 + 0.002

90 100 110 120 130 140 150 160 170 180
ECAL Barrel Energy Equivalent [TeV]

~150 TeV deposited in ECAL &
~1000 TeV deposited in HCAL

per

splash event
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|
Tuning HCAL Timing with Beam Splash

AT Before AT After
20 Before Delay Tuning 20 After Delay Tuning (Beam Splash Run #63198)
. Depth 1 - Depth 1
L Depth 2 15 - Depth 2
151 Depth 3 - ————— Depth3
i + Depth 4,4R = —_— gep:: :CR
__ * Depth 4L - ep
10 - *3-':++ + ep — 10 -
T 5 * + T w 5
‘5 — + |E| :
oL ’ ¥ * ’ EF phphy. +* .}ﬁ
o o T R e XUl - 0 1#]' Fhphpb e gy "ﬂfﬁ- 1 |
[ | * + ¥ + ] | S e 'l'"‘l!-+
§ ¢ gt 8 ¢ H ‘.].]:l'H+
g l +++ S 5 —
— -5 ++ + = -5
- be -
10— + 10—
— + C
15— o A5
: 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 Il 1 : I 1 1 1 | 1 1 1 1 | 1 1 | 1 | | 1 1 | | 1 | | | | | | 1 |
203 2 -1 0 1 2 3 203 2 -1 0 1 2 3
Detector n Detector n

Time difference between predicted pulse arrival time and mean pulse

arrival time for splash events, before and after using delays tuned from
beam splash events.

+ Note that HCAL Barrel region was already tuned with prior data.
+ HCAL now timed in at nanosecond scale
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Beam Halo Muons

%

Beam Halo: Muons outside of
beam-pipe, arising from decays
of pions created when off-axis
protons scrape collimators or
other beamline elements

600

(=]
T

400

2001

ME-4

NG ; Vi
: ‘
;

,

L VL7
-200

1

-400f

o
T T

I

(=]
T

-60

| | 1 | | PR .| 1 | 1

S RSN AT B RN S R SR i RIS I ST s SRR B F BRI A
-600 -400 -200 0 200 400 600 -600 -400 -200 0 200 400 60 -600 -400 -200 O

CMS Detector Readiness EM - CERN

M AT B
200 400 600

1 [
200 400 600

L1
200 0

Lo
600 -400
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Halo Muons @

., \ Barrel

muon drift
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% Halo and Cosmic Muon Angles

100

ll|

orange: beam ON data

801

black: beam OFF data

blue: beam halo simulation

60+

beam ON data =
combination of

¢ pbeam halo
® Ccosmic rays

40

20

P

Sl ol |
0.2 03 04 05 06 0.7 0.8

angle w.r.t. normal (radlans)

o
o
o
-

Beam halo muons parallel to beam tangent (small angle)
Cosmic Ray muons pass through the CSCs at a more oblique angle

Beam-on distribution consists of two pieces, one resembling cosmic
rays and the other matching the beam halo simulation.

CMS Detector Readiness EM - CERN XLIV Recontres de Moriond (EW) - 20




% Beam Halo Rates in Muon Endcaps

First RF capture of beam

halo rate(Hz)

40
335’ Sector 1
E30~ .
825-
© 20 |-

o 15F
S 10F

5_ ll

40
o I Sector 3 |
N30_ -
‘§25—
© 20 |
915-

S 10}

5_

40 T —I‘-‘I 1 T
ﬁ35' Sector 5 |
E30— .
825—
© 20 - o
o 15} .
212- 1

O . lAI]kJJA‘A_ e . ]

n o n o N o un o un

4 N N m M s f o0 N

N N N N N N N N 9N

N N N N N N N N 9N

Sector 2 |

Sector 4

IJ_Ih-lh Ama
T T T T T T

10 -

Sector 6 |

L[L

"

22:20|

22:25

22:30
35

22
22:40 1
22:45F
22:50
22:55¢

CSC trigger
sectors viewed
from the IP

/N
Qo

* (CSC halo trigger rate in the minus endcap as a function of time.
* First successful capture lasted for 10 min and ended with beam abort
* Rate jumps preceding this are visible, due to earlier capture attempts.

CMS Detector Readiness

EM - CERN
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% HCAL Endcap: Beam Capture

V=
I

Peak energy location and amplitude (Uncaptured Beam) Peak energy location and amplitude (RF Captured Beam)
- BEFORE i AFTER
200~ 2001~
100 1001
5 o 5 o
> [ > L
100~ 100~
200 200
_||||||||||||||||||||||||| _|||||||||||||||||||||||||
-200 -100 0 100 200 -200 -100 0 100 200
X [em] X [em]

HCAL Endcap energy before and after RF capture of the beam.
+ Before, high rate of energy deposition near beamline.
+ After, beam is cleaner, depositing less energy in HE.
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5,

35

Energy in

Forward 2

>
[
o

Hadron  ©f

Calorimeter
(HF)

10

L5

Evidence for Beam Gas Collisions

30f

25[

n

BEAM 2 "
Ty +
?%W”j@@w et T T + o

* Average energy as a function of eta in HF for circulating beam 2
e Events triggered by HF

e Peak in energy towards positive pseudo-rapidity is a signature of beam
-gas interactions near or within the detector; the remnants of beam-gas
interactions will have small p; and larger p, from the initiating proton.
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n Y CRAFT

£

Four weeks continuous running: target @ 70% eff.

o 19 days with B=3.8 T

¢ gain operational experience w 24/7 operation and
identify areas of concern, understand efficiency

370M cosmic events, 290M with B=3.8T, and Tk on

L 2 87% events W|th muon | cosmvstime |

x10°

traCk E Dataset: /Cosmics/Commissioning08-v1/RAW /f/_,f
. S

+ 3 % also have strip tk C Tot Event: 280525864 /

hits s

_ _ - 4 runs

+ 0.03% have pixel hits 1501 exceed 15h
Data Operations 100 <
+ 600 TB transferred e Oct.21 VIP visit
+ Prompt reconstruction within -

6hrS G_‘_INLLJ’D]NI”IQ Io‘l_‘lﬁlqlmlwlh‘l”;ol‘_lﬂlmlv

>>>>>>>>>>
3 § 8 88 ELEE SR RRRRRERERER R
uuuuuuuuuuuuuuu
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% From the CMS Album

A {raC(’ er

e PMUON throit Opposite charge...

Cosric Aroua
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From the CMS Album

Muion throtdh 7' S eITh pixe/ hits
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Strip and Pixel Tracker: Status

Strip Tracker

¢

¢

¢

¢

'OB: 98.2% (0.6% recoverable)
IB/TID: 96.9 % (1% recoverable)
'EC+: 99.2%

'EC-: 97.8 % (1.7% recoverable)

Pixels
+ Barrel pixels: 99.1%
+ Forward pixels: 94.0%

e Dominated by some readout chips without bias
voltage and others without low voltage

e Repair ongoing
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% Cosmic Tracking using Tracker @)

Three tracking algorithm used for track reconstruction, with
different acceptance for cosmics:
+ Combinatorial Track Finder (CTF standard algorithm for collisions)
+ Road Search
¢+ Cosmic Track Finder

good_pt

Momentum distribution 3 TR e e
for high quality tracks ;| Ouerton 14
(partial statistics) -
+ 8 hits ok
o 1 hitin TIB L1/L2
o 1 hitin TOB L5/L6 0E

¢ ~70K tracks expected

out of full CRAFT statistics LT
Wlth PT>1OO GeV 100 200 300 400 500 600 700 800 %(:(%Gel/())oo

o
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Tracker Barrel Alignment

Mean of residual distributions (cm)

Sensitive to module displacements

Only modules with >30 hits considered
o TIB 96%, TID 98%, TOB 98%, TEC 94%

HIP algorithm : TIB RMS = 26um TOB RMS = 28um

| Distribution of the Mean of the Residuals for TIB |

Detector Modules

-0

CMS Detector

Distribution of the Mean of the Residuals for TOB I

IIII T T l]lll

T II[I

l T T

OETTTT

g

Readiness

2 -0.015 '-oo1 00050

~~~~~~~ Unaligned
~ CRUZET4:
mean =3 um, RMS= 52 um
=~ CRAFT-HIP:
mean =-0 um, RMS= 26 ym
CRAFT-MP:
mean =1um, RMS= 40 um

0 005 0. 01 0 015 .0 02
Mean of residuals [cm]
EM - CERN

-
o
o
o

Detector Modules
@
[=]
o

600

400

200

-0.02 -0.015 -0.01 -0005

_.._J.LJ.J...J M"‘-"’r

J mean =3 um, RMS= 45 um

------- Unaligned
[.J CRUZET4:

— CRAFT-HIP:
mean =-1um, RMS= 28 um
CRAFT-MP:
mean =-0 um, RMS= 24 um

’\H‘:
\. ST

1 1——-—o‘.§.u__¢.iu‘*¢

o 0.005 001 0.015 0.2
Mean of residuals [cm]
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Pixel Barrel Alignment @

Distribution of the Mean of the Residuals for BPIX

n =
Q@ L
= 90__ s Unaligned
S C
[ — CRAFT-HIP:
= g0 RMS=47um
3 = mean =1um, RMS= 47 um
it =
S 70 CRAFT-MP:
@ C
B mean =0 um, RMS= 53 um
Q 60 g b |
- L
50— (=
40— |_ L
30— _‘
20— '_J
L R o Ko e T PUES N
E o o 9 ] by e MR l‘l_
= — T AR AN NI AN AN AN ARTAN =N

-0.02 -0.015 -0.01 -0.005 O 0.005 001 0.015 0.02
Mean of residuals [cm]

Barrel aligned at module level (200-300 hits, 89%)
Endcap aligned at half-disk level (8)
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Event selection: £ 1s000f
Muon track matching in DT and Tracker g_
20 GeV/c < P, <1000 GeV/c ool
CRAFT: 200 K events 12000}~
MC.: 15 K events 10000}~
HB energy: signal from HB towers oo
corrected for muon path length in HB

CMS Preliminary_;

CRAFT
data

—CRAFT ".".g.".'g-"'g'"‘é’"‘g"“"“"" ""g""" é----.-uug é--.-. ""é é . Eé o 5 1|0I L |115J L |2_0

R i T P HB Energy (GeV)

i i p1soGeV/cmHB|__~mas" g
H H H 1

| Test Beam 2006 |
| P” =150 GeV/c

LIS L

(=2
b

=y
MLLHALMALHALU“M

1

j

—
U

‘.' Mean signal = 2.8 GeV

HB Energy (GeV)

=k
o

l

smsesme}em ( I I l 'I- 'b O- I I I 'I-

CMS Prellmlnary

:--- ( I : I#T : & d 1

dN/dE [ Events / 200 MeV ]

—

[T10]

L1101 Y Y

100 200 300 0O 20 40 60 80 100 120 140 _
Muon Momentum (GeV/c) E,"sin(8) [GeV]
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iming

41 61 81 101 .aN._ 141 161 181 201 221 241 261 281 301 321 341 361

Entries 1478215

ECAL Occupancy and T

i
o -
(@) =
- O
m
| Time cosmic clusters | [Entries 783781
= 86
0.5
+ 0.4
m
Ll 0.3
0.2
0.5
0.1
H (]
m
L 0.1
-0.2
-85

%ﬁ

1

21 41 61 81 101121141 161181201 221 241 261 281 301 321 341 361
)
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Stopping power

-
o

dE/pdx (MeV cm?/g)
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Current Status

S\ maNe e |

. y \ RS 5.
s = p—e N
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% CMS Detector Status

Since beginning of September 2008
+ All installed CMS sub-detectors in global readout routinely

+ All triggers operational, DAQ commissioned, high L1 rates tested
+ Stability of running with all CMS components proven

+ LHC clock and orbit signals tested
+ Synchronization to few ns or better

Have continued global data-taking with cosmics
¢ CRAFT: Cosmic Run at “Four” Tesla, > 300M cosmic ray events
Detector opening started on Nov 17th

+ Interventions/repairs for problematic channels (order of ~1%)
+ CMS cooling system maintenance
+ Installation of Preshower detector

Plan: continue global data-taking operations with cosmics
this spring to prepare for beam this fall.
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Point 5: Shutdown Activities @)
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% Shutdown Activities: Status

Tracker Cooling Plant refurbishment
+ Plan reviewed: green light to proceed.

Repair 6% of Fpix with lost LV
HCAL.: replaced faulty HPDs
Muon DT/RB: ~ 10/250 chambers needed repair

+ (few per mille of channels) YBO, YB+1 completed.
CSCs - repaired ~10/468 known faulty chambers

Endcap RPCs: some chambers showed increasing leakage
current — progress being made.

ECAL LV lost on 200 channels — now repaired.
Field Map

Forward Region: TOTEM, ZDC, CASTOR

“We are within a few days of the schedule defined
mid-November”

CMS Detector Readiness EM - CERN




ECAL Preshower

All 4 Dees assembled and tested warm
and cold.

Approach, connection and moving of ES-
Dees completed successfully

Completing LV, HV, control and readout
Transport and lowering started

About 3 weeks required for each endcap
for underground assembly, installation
and check-out

CMS Detector Readiness EM - CERN
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Prospects for 2009-2010 Run &)

I Tum | Max | Peak
- | Min Integrated
Month Comment around |Availability number Protons/Bunch Luminosity
‘ time ‘ bunches ‘ e cm2s Luminosity
[ 1 [Beam commissioning | I I I | [ First collisions
Pilot physics, partial squeeze,
2 |lgentle increase in bunch intensity, Long Low 43 3x10'0 4m 1.2 x10%0 100 - 200 nb™!
40%
EN | 5 | 40% | 48 | 5x10® | 4m || 34x10® | ~2pb*
| 4 |2.5% nominal beam intensity | 5 | 40% I 156 I 5x10'° 2m 25x10% | ~13 pb™!
‘ 5 ‘ ‘ 5 l 40% l 156 l 7x101° 2m | 49x10% | ~25 pb”’
| 6 |[9%nominal beamintensity,75ns | 5 | 40% [ 936 [ 3x10" || 2m || 51x10% | ~30pb
| 7 |[15% nominal beamiintensity, 75ns | 5 | 40% | 936 [ 5x10 || 2m || 14x10® | ~75pb"
| 8 [15%nominal beam intensity, 75ns*| 5 | 40% 936 | 5x10' 2m | 14x102 | ~75pb"
| 9 |[15% nominal beam intensity, 75ns*| 5 [ 40% 936 | 5x101 2m | 14x10% | ~75pb’
|_10_llons 1 [ | | | I
L] L | | | || TotAL | -300pb

With first collision data:

+ Understand reconstruction performance of physics objects: muons,
electrons, photons, jets ... b-tagging, taus, missing transverse energy

With few pb-1:
+ Hadron spectra, low-mass resonances, underlying event
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Prospects for 2009-2010 Run @)

4

10 pb-1

o Standard candles: W, Z, top x-sections at 10 TeV
+ Jet energy corrections

¢ Searches using high-Et jets

100 pb-1

Precision measurements of SM

W', Z

JES from top

Heavy stable charged particles
SUSY searches

® & 6 O o o

2-300 pb-1
o at 10 TeV = start competing with Tevatron for Higgs masses
around 160 GeV
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- w
Conclusions

CMS is commissioned and has collected first data with LHC
+ It's just been ~20 years

After the unfortunate LHC incident, we are using the time for
remaining issues and “final touches”

See you next year with the “First Physics with the CMS Detector”
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First Circulating Beam Through CMS »

Timebase

WWaiting for Trigger

BPTX Beam 1

gl i, g 8 el e g il g - Pl o i -

BCM +z

s W ke e
NS aY= TR LT PR R L ST

P
T e M'..;._..#"'qu'\._ o WAy .._H..,_.-l'\ﬂ"'.I

- - |
I R L ks W TSR

[ e LT e b il
L

Walllng for Tr!g qer

Beam1 arrives at +z monitor ~15ns before -z monitor (TOF)
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Beam Detectors

BSC1: scintillators BCM2 diamonds &
BCM1 L/F diamonds Z=% 10.9 m, r=4.3cm BSC2 scintillators
Z=%+ 1.9m, r=4.3cm Z=%* 14.4m, r=29cm

BPTX beam pickup
=+ 175m

BCM1 L/F and BCM2
PROTECTION of CMS
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5,

4 “Beam Splash” Events

-

Single beam shots of 2x10° protons onto closed collimators
~150m upstream of CMS

+ Hundreds of thousands of muons pass through CMS per event
+ Enormous amount amount of energy deposited in calorimeters

Allowed synchronization of triggers (previously with cosmic
muons)

+ Muon end caps, BPTX beam pick up, etc
Internal synchronization of sub-detectors

01 02 @:le D1 Collimators | - @4‘(
TAS  MOXA MO M 1 MBI TAN lnm [MERC MOy
v =]
UL L R - 'BEAM
| osslissbosky o L,
08 19 Y LTI
5 { Pl e AT M.13 BELAD S ) ad5 BoMLi
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Status of the Machine

] | http://lhc.web.cern.ch/lhc/

0K JOOK-B0K  BOK- 0K A5 4%1.%

POINT 4

.I... —
R B

SECTOR 45

300K comre

SECTOR 67

CMS  SECTOR 56

~ 70K
<60K>

[ _—,,.S

of

SPS .
. SECTOR 73%

&'-"'"f?.?;.""'
7 Ak

" POINT 8

| SECTOR 81

Y LHCb
ATLAS 9 Feb 2009

~4K
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=\  Drift Tube Muon System at CRAFT

Residuals __ Data

+ Reasonable agreem
between data and M
after cosmic muon
arrival time fit

MC

umimm[

¢ Sigma ~ 200 — 260 u
e B field degrades MB1

in wheels +/-2

o Sector 4, wheel -2 2

- -
-

Hil

i o
gk
Hi
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10 optical CCD sensors per SLM
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Measured Endcap Deformation at 3.8T
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DT Drift Velocity Along Z, Field On/Off @)

Innermost stations on outer wheels have largest
radial field

Maximum difference in drift velocity is 3%
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Energy spectrum
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Pixel Signal

£ 20000F
0 -
> -
W 18000
16000}
14000f
12000}

Barrel Pixel cluster charge
corrected for the track
angle

10000}
8000f
sooof
4000]
20001

C T P L —l M|
% 20 20 60 80 100
Cluster charge (10° electrons)

CMS Detector Readiness EM - CERN




%

Tracker Signal/Noise

| Summary_ClusterStoNCorr_OnTrack_in_T|Bev_Clusterstoncorr onrack
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On track Strip clusters S/N
ratio in peak mode of the
read-out chip, corrected for
the track angle

TOB thick sensors : S/N = 32
TIB/TID thin sensors : S/IN = 27/25
TEC (mixed thickness) : S/N = 30

Track hit finding efficiency
of TIB and TOB layers,
excluding modules not in
operation
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Pixel Occupancy Maps
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