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1. Detector Commissioning
— Start-up Scenario
— Lev-1 and HLT Rates
— Muon system
— Alignment
— ECAL
— HCAL

2. Physics Reach with 10 fb-

— Standard Model Higgs
— MSSM Higgs
— SUSY particles

=
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=

+ 2 pileup events i.e. 1033 and
25ns bunch gﬁacing

PHASE 1: LHC commissioning (T, to T, + 4 months)

» |LHC: Set-up machine. Start with one beam. Colliding beams

and slowly increase # bunches and &Z. Collisions at <> 5 x
1032 at 25, 75 ns bunch spacing.

= CMS: Muon halo triggers, catalog detector problems,

synchronization, debug data handling, record first collisions
- This talk part |

- Phase2: Shutdown + 20 pileup events i.e. 1034 and

25ns bunch pacing
PHASE 3: First physics run (T,+ 7 mo.> T, + 14 mo.) | Y-
= LHC: 25 nsand £~ 103 cm=2 s
= CMS: Physics run, max. efficiency aiming for 5-10 fb-1
= ~2 events per BX - This talk part Il

PHASE 4+n: High luminosity running
- See talk by J.Rohlf on high luminosity
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* One basic unit = readout builder (RB) = 12.5 kHz rate = 8 such units
constitute the whole DAQ for the design value of 100 kHz

* Lower event rate at start-up allows DAQ staging = plan: 50% = 4 slices

Start-up = 4 slices

=50 kHz

Final = 8 slices

=100 kHz
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Expected Le

Total Rate @ low &Z: 50 kHz, Factor 3 safety, allocate 16 kHz

Roughly 1/4 per class “e/gamma” , “muon” , “tau”, “jet”, 1 kHz Min-bias
- See also C.Seez’s talk about CMS trigger

DAQ TDR, LHCC 2002-26

=

TOTAL
allocated
rate:

>16 kHz

Channel Threshold [GeV] | Individual Rate
e =95% [kHZz]
Inclusive isolated ey 29 3.3
Di-electrons/di-photons 17 1.3
Inclusive isolated muon 14 2.7
Di-muons 3 0.9
Single tau-jet trigger 86 2.2
Two tau-jets 29 1.0
1-jet, 3-jets, 4-jets 177,86, 70 3.0
Jet * E miss 88 * 46 2.3
Electron * jet 21*45 0.8
Min-bias (Calibration) 0.9
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HLT Table @

Event selection
103 reduction

Channel Threshold [GeV1|  Rate [Hz]
1e,2¢e 29,17 + 17 34
1y,2y 80,40 + 25 9
Tu,2u 19,7 +7 29
11,27 86, 59 + 59 4
1-jet OR 3—jet OR 4 657 , 247,113 9
e”*jet 19 + 45 2

Jet * E;miss 80 + 123 5
Inclusive b-jets 237 5
Calibration,Other ~10

DAQ TDR LHCC 2002-26 p.359

Minimum calibration for

the trigger to function
@ low %

— Alignment of muon
system and tracker
with ~ 500 um needed

— ECAL AE/E~3-5%

— HCAL AE/E ~ 2%
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CMS Start-up

Scenario
&

Commissioning



CMS Detector ats

Initial detector is the complete CMS except for
the staged items (consistent with financial plan): Complete
. Subsystems: Tracker,
* 50% DAQ . . ECAL, HCAL, Muon
. Pixel detector in- Barrel
» 3 pixel end-cap stalled after pilot run

RPC [n|>1.6
staged

« 4" muon end-ca
* 1/3 of end-ca Fi:’

—All
i
1
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m—— Z

Multiple scattering - stand-alone spatial resolution ~100 um -
Reconstruction complemented by tracker

At start-up
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Implications of Z

CSC only Loose =2 CSC, Tight=3 CSC
1.point sagitta S :
v - — Lgose track criterid -
measurement g I <1 MHz . . _
l & oL ------j___Tlghtmt_rack Cl'_lE_&}‘lﬂ-
1) T —
L o] =0 - e "W
@ = Tt
g i .*“.\\\ ’\
7 / i TR P L —
w : I s, —
10 % Rate T ‘AR
. reduced
Beamline I J .
<_> 10 3:_____ -\ e\! .n.t - b 3
Loose = 2 measured points B ion by
B > I CMS Note 2001-033
Tight = 3 measured points | I '1|0 10
Pt_ (GeV/c)
Weighted minimum bias
Staged ME 4 > sample used for rate
No redundancy estimate at Z=1034
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L1 CSC Efficie S

Single p: 3<p,<100 2 ME Stations,
[__L1 CSC Trigger Efficiency _ Require RPC to
5 1 JJM TjkL:;g:wamant
5 u_g__ll"-.l_dr""lﬂ ﬂrr“thd ally Eﬂﬂunuﬁ_ifﬂ Tight
E D.E: JI-le-lejLLlLr I] : ,_ hﬁ- IJ'I] —I::::: no ME4/ 3 ME Stations
0.7 f -Un “1.
0.6 | [ 1 Gain 18%
H [ efficiency in
0.5 ] i 1.8<n<2.1
uq_ﬁ 13 with ME 4/1
a _J |
| 1T 1 RPC staging for |n|>1.6,
02 | [ options to keep high eff.
0.1
n]_ﬂ v i | 1. Trigger on 2 ME stations
1 12 4 16 8 PR and accept x10 higher rate
No ME 4/2 No ME 1/1a in 1.6<n<2.1
2. Restore ME4/1 (under
discussion)
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Performance C¢

During production quality control with cosmic muons. Subsample of chambers
tested in testbeam. Performance for individual chambers known at start-up.

Barrel

Spatial resolution per SL

! o 135.0 / 25
800 Constant 859.3 |_
<o | Mean 381.7 %
e Sigma 4. 925 5
o
fas}
200 - =

950 320 340 360 380 400 420 440 460
%[dist (1) + dist (3)]+ dist (2)

Drift velocity = 35 ym / ns
Resolution per cell ~200 um
Chamber resolution < 100 um

Endcap

Spatial resolution
~100 um

Time resolution

~ 4ns

ntdi;splay ;testbe;am

Eve
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CMS Alignme

Task of the alignment system
- Measure the relative position of the pu-chambers, and w.r.t. to the tracker < 100 um
- Monitor the stability of Tracker < 10 um & Muon detectors < 100 um

Building blocks: 4 subsystems
- Internal tracker alignment

- Internal muon (barrel + EC)

- Link tracker — muons (3 planes)

3 alignment

A oo-Or-f---------f- REEE B EEEEEEEY o Q=0 =3 3

= k- - e — - e e — — alr — &
=== ]
-5 indep- vheefs- -nionirer -

7m

<
1|\ X: 0 [T
.
|
|
[

] [0
P monitor
%ZZZ]
| g

nd ca

4 ‘ il
OO-0AF=d===cmss=mccmaeceasbaana= - OO =¥
=== Rigid mechanical structure

—

—— Laser beams

=nn= Optical links
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Alignment at § =

Tracker & muon system: performance of individual detectors known from
production tests with cosmics, testbeam. Not known in the position of
detectors with respect to each other

_1 LA
- 0% |+ 20

* Internal tracker alignment 1 / |

-4' || || || || ||

measures position of tracker

modules. Precision ~100 um. l l Ry

* Internal muon alignment for s | ink to
chambers in barrel and EC. y Muon

Relates 2 EC and barrel together. Rl ystem

i
T

f——

Precision 150 um.

—  Quter Barrel (TOB) : Endeap {TEC) |:addilinna] modules
- Link system to monitor tracker e Bae (TIB) ner Disks T1)
w.r.t. muon system with 100 pum
precision.

Important plane is r,¢ bending plane.
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CMS ECAL Ce

Total ~85.000 channels

=

1. Lab measurements of all modules;
light yield, APD gain etc. > 4.5 %

'::;:E- 2. Testbeam precalibration transported
to CMS (for 25% of detector) > 2.0 %

* Distributed within detector, as
“standard candle”

3. Min-bias phi symmetry > 2 %

» Fast calibration to reduce
number of calibration constants

4. Z - e*e- - 0.5 % (design value)
* Needs tracking in Si-tracker
* Within ~2 months

5. Laser monitoring system over time
to monitor crystal transparency

K.Hoepfner, RWTH Aachen
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Testbeam Z

CERN Labo 27 EP-CMA

CERNiLabo 27 - EP/CMA 3 '. : 15-12-2000-20

07/06/2002~1
T |

Experience with many aspects: temperature stability 0.1°C over
3 months, APD and electronics behaviour, monitoring laser system, noise
correlations, auto-scans for calibration -> see G.Dissertori ECAL talk
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Comparison Lak Z

Light yield, APD gain and pre-amplifier gain measured

@Very precise for a @ For all crystals in the lab (database)
small sample in the

testbeam Intercalibration precision = 4.5 %

9/36 Barrel + Y4 EC

mOd u |eS G.Franzoni et al.

Distributed within detector, | # crystals =87 - R p—

as “standard candle Mean = 0.01486 I 2 ?f full chain |
crystal + readout

RMS = 0.04573 ' rd . _

AEIE <0.1 % for - . Difference in

modules in beam Chi2/ndf =7.47/14 H\ relative light yield

Extrapolation to CMS & , |-

(after transport, G

installation, etc.) 2 S22 -

target value of 0 E e

o . . 02 -015 -01 -005 0 005 01 0.15 0;2
20 /0 precision Rel.light yield difference
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Minimum Bia

Idea: fast calibration to reduce # of cal.constants

Methode: use phi symmetry of deposited energy to
intercalibrate crystals within rings of constant eta
—~ 4

Thresholds

—Lower = 120 MeV to cut el.noise
— Upper = Lower + 800 MeV to avoid bias

Precision limited by inhomogenity of
material. With increasing knowledge,
methode can provide 1% every few

hours.
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1. Testbeam Calibration

— Production wedges in testbeam >
AE/E = 2% accuracy. Calibrated
modules are used as reference.

2. At start-up, MIP’s & single jet trigger
within a few weeks.

3. During running, monitor the tile
response using LED, laser & rad.
sources

4. Physics Events:
* MIP (muons) signal to link to HO

» Charged hadrons (e/m) to set E-scale
« Jets for jet response, balancing, E;miss

B
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_ Required perfomance: E; thresh = 500 MeV,
~ See D.Elvira HCAL talk E,... =3 TeV, Noise = 200 MeV/BX/Tower
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HCAL in Te S

2 production wedges |
extensively tested in e, pu, © == ECAL

beam r, (-491cwsmls’_) _ mm) Testbeam tied to data
- - ; from radioactive source

.y

& HB Wedges(2)
| (144 channels) &

» % 3 - ¥ _,:-t :‘:
"“- Sy ‘.. _ & 4
. I \ ) L™ 19 -‘.'. ™
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HO X R4

(16 channels) :

O a000 pulse height in H electrons
asog— single tower
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Precision of rad.source calibration

0 100G0C0
- Emtries 1682
- Mean —-0.2127E-C2
Source scan. Good SNR (3 mCu). wis L o l s ___osseie-0;
. . . ndf 111.9 B1
Assignment of cal.constant to tile is o +0.9% h Constant 81.24
. . g Mean -0 1978E-C2
straightforward. Different positions S o Lsama  o7747E-ce
within tile. = ”r -
>
Precision is within 0.9% - sets %
. . BO —
scale for HCAL calibration - N
D 5
Compare to testbeam data. é oL >
L
Monitoring with rad.sources and
LED’s.
20—
:|I | I 1 I-L|l'| I L1 1 1 I L1 1 1 I 11 1 1 I L1 1 1

ElC].CIE o4 003 -00F -0.01 o 0.01 002 oo3d 004
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CMS Early
Physics Reach

ESSENTIALS FOR PHYSICS @ 10 fb-

* Basic track reconstruction up to p,,,~100 GeV/c
« Efficient reconstruction of low p; tracks for isolation

» Master tagging of b-jets

* Full calorimetric coverage for jet reconstruction, forward

jet tagging, jet-jet mass resolution and E miss



Basics for

Assumption: 10 fb''in 1 year @ £=2 x 10%3 cm=? s

Trigger cuts at L1 p; cut HLT p; cut | Exclusive rate [HZ]
=2 x 1033 cm=2 s [GeV] [GeV] after HLT p isolation
Single muon 14 19 25
Double muon 3 7 4
Channels Pythia Cross | Acceptance Eff. after HLT Yield for
section [nb] | (1 pin|n|<2.1) | with p isolation 10 fb-"
W->npuv 19.6 50 % 69 % 7 x 107
Zoup 1.84 71 % 92 % 1.1 x107
tt >WbWb 0.126 86 % 72 % 0.08 x 107
2>uv+X

K.Hoepfner, RWTH Aachen
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CMS?

CMS, 10 fb-! No k-factors

| 1 T I

i ®H —> ZZ,77° —> 4 leptons |

8 i VH — yv, inclusive ¥ g
5 VAHHWH, H = 7, W = Ty In the following:
O * ttH, H —> bb -
:«.E WWwW AH —> WW — vy
c | - BH —> WW —> Ivjj 1
g Y4 \" OH = 2Z = Iy H = 4 leptons,
10 | R | my=120....500 GeV
= H-> WW > Ivlv
my, = 110....200 GeV
% qqH, H = WW —> vy D%
. 115 GeV -
W 1 | | | | | | | | |
10° my (GeV) 107
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H->ZZ->41 m, =200 GeV

35

30

25

20

Events / 0.5 GeV

15

10

Muons only

190 200 210 220 230 240 250 260 27

B signal

= Backgr.

M.Sani, V.Ciulli

e

Significance S/sqrt(Bkgr)
S
[

N B~ OO

A

10 fb™ pande

10 fb™* p only

Signal
Significance

-150 200 250 300 350 400 450 my

M.Sani, V.Ciulli

Signifiance

=

Signal significance (4 electrons)

H—ZZ*— 4 et in CMS _

18
i Electrons
#r only I
10 - —
i /05 pb1

I.Puljak

|

|
160 180 200
my (GeV)

|
140

Acceptance and reconstruction
efficiency are crucial for these
channels
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100

Events for 60 fb™ / 5 GeV

o))
o

O oo e

t
gg fusion: t HO
g t

q

q

HEI

I > —\WW > 4Lviv

e \ WW, ZZ fusion (qqH final state):

qq — qgH
H— WW — vy
my = 160 GeV

ttj background

D.Green et al.

T
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=

gg fusion: fast simulation
Considered backgrounds:

Discriminate by cos ® due to spin correlation
—tt>WbWb->4£vivbb

—-Wtbh>WbWb->4LvivbDb
Both reducible by jet veto

full simulation
tt(j) > W b W b bkgr. considered

-~ = *|~1fb'ingg > H

2 0L e@ - = |

9 Eo .;.... o = ~5 fb1in qq = qqH

Q ]

38 4L . ..... . ® for qqH

E f ol

2 1 - luminosity for 5c (stat) significance S/VB ]
10-1 L I I I | I I I I

Lfi 100 150 200 250 300 350 400 450 500 5¢

My (GeV)
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b/c tagging efficiency

1

0.8

0.6

0.4

0.2

g, =107
* b-jets E;= 50 GeV -
# b-jets E;= 100 GeV
©c-jets E;= 50 GeV

U c-jets E;= 100 GeV

:b-Jets ' |
s e R
J 0.5 1 1.5 2

n

6 (pp—h/ H+X) [pb]
Vs =14 TeV

Ml =175 GeV
CTEQ4
tgp = 30

N Spira et al.
HZ [\ i’ 1 I R O
200 500 1000
M,y (GeV)

bbH final states production enhanced by
tan2 3 in the MSSM w.r.t. SM

- Note importance of bbH final states!

B-tagging plays a key role

K.Hoepfner, RWTH Aachen
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- maximal stop mixing 3
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100 200 300 400 500 600 700 800
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=

In the following:

A/H2>uu @
tan p=30, m,=130 GeV
A/ H>t1 @

tan =40, m,=200 GeV

K.Hoepfner, RWTH Aachen
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A/H-> ppin

Dimuon invariant mass

=

1 Full simulation
20 fb*! ma=130Gev ORCA reconstruction
tan p =30
o 250
(= e A+H signal
Q 200 DY background
W 150 e tt background
100 Discovery contour curves  Belueai
50
Q.
50 545;_
910 120 130 140 150 160 170 405_
) GeV 35
M (utu) GeV e
30—
Search already possible 25
with 10 fb-! T
15
Requires b-tagging, efficient 105
track reconstruction without 51
ultimate track reconstruction e 1% 2w B0 s 88 o
. m, [GeV]
resolution
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CMS?

Fast simulation + parametrization of b- and tau-tagging
Signal: 1st and 2" leptonic decay
Backgrounds: Z, v, tt, Wtb

m, =200 GeV, tan 3 =40, 10 fb!
H/A2tt1211+X H/A2>1t1t 2ep+X

180

25

T C
L il -
e - 'O - S. Lehti
S 160 | ‘L g - -L
- 140 :— 20 [
O - N H/A —> — + X
S - H/A —> 77 —> lI+X S - / T
120 — - L . o -
> - with b—tagging S» - with b—tagging
s r — (B} 15 |— My = 200 GeV
100 ma = 200 GeV & i =
9 C tang = 40 o i tang = 40
80 :._ T [~
\m\ - ™ 10 B
- = %) L
C 680 [ <t i
QO - - -
Lﬁ a0 <1>) :
- Lol 5 —
- L r~
20 — B g
C L ﬂ1
C | L | 1 ] | — (=]
O 200 400 0 H | 1 2éo 1 1 | 4;0 1 ]
m,. (GeV) m,, (GeV)
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Jets + E{™Miss has the
highest reach

OS two-leptons are
most useful for
sparticle reconstruction

Squark, gluino production leads to
lepton(s) + E;{™ss + jets

Backgrounds: W + jets, Z + jets, tt,
Witb, WW, WZ, ...

g, g pair production dominates the
total cross section

Cross sections don’t vary much
with u, tan B

K.Hoepfner, RWTH Aachen
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Jet

+ E_I_miss Re

Search for SUSY can start
very early!

Squarks/gluinos probed to
~1.5 TeV with 1 fb-1

Up to 2.5 TeV at design
luminosity and 100 fb-1

m;, (GeV)

~1 week @1033
to explore

but ~1 year for
sparticle reco
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"Ldt=1, 10, 100, 300 fb"

=

~1 year

‘@ 2=10%

~1 year

-‘.,‘:‘: \. / @ F=1033

~1 month
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h > bb production

Signature: B-jets + lepton + E;miss

- Requires b-tagging + jet counting + full
calo coverage for E;miss

Low tan B reaime

800 — , ] |.,, | : :
200 e | A9 =0,tanp =2, u <0
9 : 700 I BR (72 —3n) =50%*, |
- tanB =10, u<0 . CMS
160 | _ 600
>
& E siB=121 4 ..
To} S
— 120 é
Search can 2 |
o E
Start at S 80 300
1 fb-1 = 5
= 200
40 |
i 100
A L
0] 80 T 160 2¢ 0 200 400 600 800 1000 1200 1400
117.5 o (GeV)
Mbb (GeV)
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Conclusions & Outlook

Most detector components will be ready
Commissioning will be a big task
SUSY could appear early on

SM Higgs'in 4 muon_channel at 10 fb-1



