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On the Road to Standard
Model and Searches...

 Tracker, wonderful tool

« Ecal, control calibration

- Jets

 Missing E;, a challenging variable

 Particle Flow algorithm, improvement all the
way...

e Conclusion
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CMS Data Recording

Data are recorded using High Level

W |l % 7 Trigger as a pass through (rate of
collisions maximum 20 Hz)
NG T i) ﬁr = Record all events
. & ///&l > Mainly identify collisions events
5@1{ AN ;§// using Beam Scintillator Counter

N [BSC]

Total weight 12500 t, Overall diameter 15 m, Overall length 21.6 m, Magnetic field 4 Tesla

Luminosity recorded:
~10.yb1 at 900 GeV
~0.4 pb! at 2.36 TeV
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Tracking Quality
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Lifetime

Monte Carlo is simulated with the same conditions as in data.

- Data and MC are split into bins of ct and a fit for the yield is performed in
each bin.

 Divide MC yields by true (exponential) distribution to obtain correction
factor.

 Correct data and fit for lifetime.

PDG: 89.53 + 0.05 ps PDG: 263.1 + 2.0 ps
CMS: 90.00 + 2.10 ps CMS: 271.0 + 20 ps
'O j_r LI T T T O O T T N A | T T T T T
o) CMS Preliminary x* I ndf 8.13/8 % ICMS Fl’relimilnal’y N 1176
S, ) p0 8.51+ 0.02 "= p0 7+0.0
= V'8 = 900 GeV T (ps) 90+ 2.1 2 40° V& = 900 GV t(ps) 271+195
7)) 7)) B ]
)] - (7)) _
(qy] © _
£ K, | = A ]
OzU) O< |
9 ° +
9 10°F - &
s | : ©
6 : —e— Corrected data : ’6 —e— Corrected data
O i | &)
L Exponential fit i 1 02 -~ —— Exponential fit ~
||||| Lo v b bov o v b a0 o b b b b b b | 1 :l

0 1 2 3 4 5.6 7 0 2 4 6 8 10 12 14 16
K3 ct (cm) A° ct (cm)
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Tracking Results

§ 30— ] Yield=49.7+90 —_ Selection for E:

I MWidth = 402 08 MeVI® | TR

0 I PDG - mass = 1321.7+ 0.1 MeV/c? i Lambda mass Wlthln 8 Mev

8 | | - Lambda-pion vertex fit probability > 1%
5 _cwemimnanzi ] Both pions have the same sign charge

1 3D impact parameter significance > 3 for all three

- tracks
10

O—I 1 1 1 I 1 I} 1 1 I 1 1 1 I 1 1 1 1 |
1300 1350 1400 1450 . 5 - u
A7 (+ c.c) invariant mass [Mev/c ‘Gaussian convoluted with Breit-Wigner

= -

P —KK: L700F- L;'MOOZ_
. 8§ F 5. ool

Kaons with tracks ;. c 21200
S C 2 -

= i 2 S r 21000~

- o T
d,,<3mm, S0k # 5 00

R ¢ CMS preliminary 5 T
pT>0.5 GeV §300— \'s =900 GeV 5 6003 CMS simulation
- : . F, \'s =900 GeV
Pa rt|C|e ID: 1728 = 102 ¢ candidates , a00f
200 'é"ass = (1(’10;3-5% Zg)'ﬁ) \",’;e)”c Mass = (1,019.74 = 0.13) Mey/c?

C igma =(1.29 + 0. eV/c N Si =(1.41x 0.22) MeV/
p>1Gev OR 100~ W?dth fixed to PDG value 200— V\;?dTr?fix(ed to genel)‘ateed vcalue
dE/dx insidekaon f  ~ \ . . . . . .. . . .|

1 1.02 1.04 1.06 1.08 1.1 1.12 . . 1.06 1.08 11 1.12
ran g e KK mass (GeV/c?) KK mass ( GeV/c?)

= Alignment of tracker system is well understood 6/23



% Electromagnetic Calorimetry
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(D E—l CMS preliminary 900 GeV Dat;;

0 300F M= 0.4890 * 0.0080 7 yin barrel
32505_ o= 0.0529 + 0.0088 —f .ET(Y)>4OO |V|eV;
2 oom e 3 *E((n)>2.0 GeV;
& | +54/59 > 0.85

150 shower shape
Precalibration from Test Beam ook Data Py : gl
period for /4 of barrel + Cosmic : ]
running (~1-2% precision) 0% S/B,,;=0.32+0.05 -
82040608 1 12 14 16 1.8 2
Invariant Mass of Photon Pairs (GeV)
gsooi—' L& CMS preliminary 900 GeV MC -
Mass and width 0 7001 M= 0.5099 + 0.0067 =
S‘ 6003— o= 0.0686 + 0.0091 —f
compatible with MC £ 5007, -
n yield scale as expected: Sk :
Data: N(n) / N(x°) = 0.020  0.003 a0 E
MC: N(n) / N(x°) = 0.021 % 0.003 300 2
200 =
1005 S/B,,,=0.26+0.03 -
.‘2|||I|||I|||I|||I| L 1 -

8 04 06 08 1 12 14 16 18 2
- Good agreement between data and MC Invariant Mass of Photon Pairs (GeV) 7/23



N

Jets reconstructed using
Anti-KT R=0.5 algorithm
Di-jet analysis:

* P;>10 GeV

* In| <3.0

* |Ap(j1,j2) — n|<1.0

- Jet Energy Scale corrections
from simulation

Jet 2 1‘1‘ .

2
0
-2 ¢
run 124009: evt 10872958

ik

/1GeV

jets

10°

40

20
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CMS preliminary
1 I Ll =

T
antl k; (H_O 5) CanJets

P (jet)>10 GeV
n(jet)l<3

—e— data
[ImMc

Dijets

\/s=900 GeV

I T T I T
L anti-k; (R=0.5) CaloJets

pT(jet)>10 GeV
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-

+_

50 6(
jetp, [GeV]
(::MSI prtlalimlinary
—e— data
[Imc
Dijets

events

events

Calorimetry in Action

\[s=900 GeV CMS preliminary
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Tracks + Calorimetry

Step #1: ZS8P correction to jet #1 Jet #1
o n @

Raw 12 0.27 2.5

ZSP 16 0.27 2.5

Step #2: “In-cone” tracks (purple, x2)

# pyE Beato AE

1 4.2 -2.7 1.5

2 5.1 -3.2 1.9

Step #3: “out-of-cone” tracks (orange, x06) .

# thTk Ec&lo AE "‘r

1 1.7 - 1.7 7 | Jet #2

2 1.2 - 1.2 A J

3 0.3 . 0.3 N ‘

4 0.6 - 0.6 A\

5 0.4 - 0.4 'N A

8 0.8 - 0.8 \

Step #4.: efficiency AE

In-cone 0.1

Out-of-cone 04

Corrected p, for jet #1
P n ¢

JPT 24 0.23 2.8

Direction correction
Acp (uncorrected) = 3.1

A (corrected) =3.0

Corrected p; of
24 and 25 GeV
when including tracks.

Corrected p. for jet #2

pjjet
RAW 13
ZSP 17
JPT 25

n
2.0
2.0

1.9

-0.89
-0.89

-0.55
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Jets reconstructed as
Jets+tracks

Di-jets:

- P.>8 GeV

* In|<2.0

- |Ap(31,j2) —n|<1.0

= Good agreement
between data and MC
and good agreement
between calorimeter
based jets and jets +
tracks

Jets + Tracks

\Js=900 GeV CMS preliminary
%1 o? anti-k, (IR=O.5) JPTJets ' I—
9 p,e1)>8 GeV Evc
° m(et)l<2 R
o Dijets

20 40 60
jetp_ [GeV]
\5=900 GeV CMS preliminary
—r 1 r . T 1 1 17
| anti-k, (R=0.5) JPTJets
p,,(jet)>8 GeV
m(jet)l<2

\5=900 GeV CMS prelimi
2100 . ' '
c U E antik, (R=05) JPTets  _o gora
2 F ple)=8Gev
o - mGet)l<2
10°E

+

50
m; [GeV]
\Fs=90q GeV

- anti-ky (R=0I.5) JPT.'Jets
p,r(jet)>8 GeV
m(jet)l<2




Jet Properties

CIAS prellmmary \/s=900 GeVv CMS preliminary
N | ' | ! | ! 12 B 1
@150} anti-k; (R=0.5) CaloJets _._dm ko anti-k; (R=0.5) CaloJets D Jets reconstructed
p.Get)>10 GeV p,(jet)>10 GeV : S
"InGevi<a Il):“'ef | 150 igeti<s ID:“I:: 1 using Anti-KT R=0.5
100 . Y
100 "
50 ] 50 | | |
+
0 ! L I S 0 . e " * I
0 5 10 15 20 0 0.5 1
number of jet constituents iet EMF
\Fs:gop GeV_ _CMS preliminary \/s=900 GeV CMS preliminary
.% | antik, (R=0.5) JPTJets _._:,m | % [ anti-k, (R=0.5) JPTJets o data i
R p_(jet)>8 GeV ] Dol Pp,let>8 Gev
Jets + Tracks L o-..:: 200 oS :l::
100+ -
= Good description of -
the variables
= Clear understanding
of jets, confident to look o

for high energetic jets... 0 5 10 15 20 . 1
2 g ) jet track multiplicity ietEd?



Inclusive Jets Analysis

— _ CaloJets JPT]ets -~ i
| T;:TRJ.:S);““ 1 phn 15GeV 13GeV Emz__""" T s
b, (60> 15 Gev pmax 2.6 2.0 > ssnow
In Get) 1 <2.6 s In (et 1 <20
- 3 = -
Imc 10 Emve E
1 I
1 1 E
107
102 R o E
20 30 0 50 60 0 50 &0
jet P, (GeV) jet P, (GeV)
\E = 900 GeV CMS preliminary
@ 8O \/E = 500 GeV CMS preliminary
QO | ——cm ot o 89— 7
- Cwe anti-k_ (R = 0.5) CaloJets ® S ckuelve Jots
i B, (o) > 15 GeV - - e ik, (A = 0.5) JPTJets
L Inet) <26 - P, (jet) > 13 GeV
60 - 60— In ey 1<2.0 |
| Jr Jr af +
40k = - I +
: ] 20
B R ;
jet ¢ (rad) -2 0 ] t2( )
- - - - - e ra
= Good agreement for inclusive jets analysis for both algorithms ‘ f’2,23



Missing E;

Important variables for physics analysis but most challenging
variable to understand
= Rely on good understanding of all the other objects.

RAW Calorimetric ME;

= C T 1T T T 1 1T T T T 1T 1T 1T ] = C 1T T 1 T T 1T T 1T T T T T T ]
o 3 _CMS Preliminary 2009 _ % 3 __CMS Preliminary 2009 _
O] - \'s=900 GeV 1 O - \s=900 GeV ]
c i 1w i i
S 2.5+ . _‘__.__l_ —- S 25+ .
S T | | 4 OC i i
[ ] T i
B 1 B ]
o 1 o 2 -
T 18 & s ]
@) - B - ——t— | e e — ]
15_ g 1.5F—._ ——
s T i
05" L] 05‘ Lo

T R e RO P IlR I OlR RO R OR R0 05y TSRS e R ROl ol o OB o 2 0R0IB 03,
Run Number Run Number

=» Stability of calorimetric missing E; calculation during the

whole period of data taking.
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Missing E;

Cleaning of Missing E;: (Events are not removed, only hot spot)

- Noise in Hadronic Forward (particle hitting the PMT window)

- Noise in Hadronic Calorimeter [HB/HE] (specific pattern of channels)
- Noise in Electromagnetic Calorimeter (single Hot channel)

> T | T 17T | T T 7T | T 17T | T 71 | T 1T | T T I T T [é > T TT | T T TT | T TT | T 1T | T T1T | T T .I T .l T 17T | 7T I:
() CMS Preliminary 2009 @ CMS Preliminary 2009 |
O \/$=900 GeV i 9 ; \$=2360 GeV
210 2 00 3
S Data 7 Data -
Lﬁ 1 03 —— Nocleaning = Ll>.| , —e— Nocleaning .
B After HF noise cleaning ] B 10 After HF noise cleaning _§
g 1 02 - After HF+ECAL noise cleaning 3 8 - After HF+ECAL noise cleaning E
g E g 10
Z 10 . Z
] ] ‘
| - ]
1 m‘l | | ‘ Im | L1 11 | ml | l: | | | | | L1 1 1 | L1 11 | L1 1 | L1l
0O 10 20 30 40 50 60 70 80 0O 10 20 30 40 50 60 70 80
Calo £, [GeV] Calo £, [GeV]

= Clear understanding of the different noise behavior, cleaning
procedures are in place 14/23
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GC) 3: —— Data QC.)“OSH —e— Data
>10"g ERRL
w [ | simulation L [ | simulation
© oL ©102
g 10°¢ ERE)
£ | E
I 10¢
) E \ = E
= 10§ | | -
| L ‘
10'17 IIIIIIIIIII ‘ I\‘II\I'\\II'\II 10'1:L|||||||1||1||||||||III1|
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50 60 70 80 90 100
r— 6IIII|IIII|IIII LI rerryrrri rrrryrrrt CalOET[GeV] CalOZET[GeV]
> FCMs Preliminary 2009 .
(5 [\Vs=900 GeV: .
o | Calotimeter onl :
w r Lalonmeter anly | |- Good description of missing E;
° 4 ==R L .
: BEee ] variable and reasonable of Sum E;
3r e i
2: ] N —— Data _:
1: 4 -—=- Simulation _:
0O 5 10 15 20 25 30 35 40
XE; [GeV]

Agreement Data/MC on variables even if calibration of detector are not finlq_‘ll23
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O10°F o \/5=900 GeV E
< ]
S~ - -
..g I —e— Data i
2 1oL [ | pythia Simutation ~_|
m 10 :
i J | i
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q. .
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1 E
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Tracks+Jet 16/23



Exploring the fine resolution and granularity of part of the CMS
detector to improve the identification and resolution of
reconstructed objects using Particle Flow Algorithms.

Run 124120, 2.36 TeV data

2\ Event 6613074
PHet 1
pr 41.5 GeV/e

pr 21.8 GeV/e

Jet algorithm: Anti-Kt 5

Multijet at 2.36 TeV

PRiets with (uncorrected) pr > 20 GeV/e
Particle inside the jet:

- Charged hadrons

- Photons

- Neutral hadrons

Particles outside the jet:

- Charged hadrons

- Photons
- Neutral hadrons
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Particle Flow Commissioning

Need to establish track Ecal/Hcal cluster link:

P;of tracks>1 GeV = Tg-065 & T
— : |
0.7
D S 3
C ® =
-0.8 J
_— _____.__..-"' 3
-0.855— I\H:‘ -
0.9 ot %:
0950 cJ &) n
1:@[[[[1Illl[l_tl.llllllllllllllll
0.9 0.95 1 1.05 11 115 1.2
n
© | —* 900-GeV Data ® |~ 900-GeV Data
= : [ :
w 10 *|— Simulation 5 10 *| = Simulation
§ H H H H g H H H H
10? 10?
£ £
- -
Z 10 Z 10
1 1
A -1
107002 0.04 0.06 0.08 0.1 012 0.14 016 0.18 0.2 10701 02 03 04 05 06 07 08 09

AR (Track-ECAL) AR ('rrack-HCAE?/ 23



8  Particle Flow Jets

Charged Hadrons Calibration:

Inclusive jet analysis:

S h —

w
=

3 30
€ r
E 25— . T ]
2 [ |—— simulation A T -
u oF ___4,::*: ) S CMS Preliminary 2009 * Dl §1 200, CMS Preliminary 2009 ¢ Datn
Sk - b (U] \'s = 900 GeV Vs = 900 GeV
3 - . . - 10 | simulation
45 L e i v g - 10 Anti-k, 0.5 PFJets
8 10:_ .= Fittothedata |- 10‘? Anb-kr 0.5 PFlets dT”>SGeV’c
E -++ HCAL* 30% E m <30
5
C B 10‘ -
— | ; CMS Pll'eliminary 2009 :
% 5 10 15 20 25 30 C
Track momentum (GeV/c) 10-
Calorimeter response to ;
- 1 -
hadrons well simulated :
5 10 15 20 25 30 35 40 45 50
Jot p™ [GeVic]
“
g CMS Preliminary 2009 I $ .0 CMS Preliminary 2009 .
\'s = 900 GeV 8
] simulation ] simulation
Anti-k, 0.5 PFJets §
N o § 10° Anti-k, 0.5 PF Jets
2 ml<3.0

F > 5 GeVic

2

4 5 6 7 8
Jet Invariant Mass [GeV/c] 19/23




Particle Flow Jet Properties

Jets reconstructed using Anti-KT R=0.5 algorithm from particle flow particles

Di-jet analysis:

05
charged hadron fraction

- P.>8 GeV
° |n I <3-0
» |Ap(j1,j2) — n|<1.0
\/5=000 GeV CMS preliminary
= antik, (R=05) PFJelS o gara I
- i p,(jet)>8 GeV Emc
h(jet)l<3 Dijets
100

1

;310‘
10°
10°
10

1

107

\[S=900 GeV CMS preliminary
T T T T
anti-k; (R=0.5) PFJets —e data
pT(jet)>8 GeV Il me
t)l<3
et Dijets

05
neutral hadron fraction

1

\/S=900 GeV CMS preliminary
. T .
anti-k; (R=0.5) PFJets —e data
pT(jet)>8 GeV Il me
t)l<3
(et Dijets

05
photon fraction NEF

1
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CMS Preliminary 2009
Simulation, PF

¢  900-GeV data, PF
Simulation, calo

o 900-GeV data, calo

F
NN FEEEE NN FRT .. deeTen

04 05 06

SumE; > 3 GeV
Particle-based ME; relative
resolution is about twice as
good as for the CaloMET

C(ERSS) = a@ by /Y Er

a=0.55GeV
b =45 % (PFlow)

Number of events

O [GeV]

o

‘Hl‘!!“. '
Tt
1 *  000-GeV data, PF 4
Simulation, calo H.
o

o  900-GeV data, calo

—r el L] Lo b Lo Lo Lo L ol W

0 01 02 03 04 05 06 07 08 09 1

ET*/ZE;

b
2
[ T T

CMS Preliminary 2009
¢ 900-GeV data

= Simulation

IIIIIIIIIIIIIII[IIII

R

11 120I 11 1301 11 1401 11 1501 11 lsol 11 l7°l 11 l8°l 11 l90
E, [GeV]
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Conclusion

From the first collisions day, a lot of results have been
appearing very quickly

= Understanding and commissioning of the detector is in well
advanced stage

Start to use complex algorithms with very few fine tuning
= Agreement with simulation is impressive all the way
through

CMS is waiting for higher statistics of data and higher center
of mass energy to start to perform searches

= By ICHEP, should start to see more Standard Model physics
at 7 TeV and...
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AntiKt

* Pairwise examination of input 4-vectors
e Calculate d;

d;j = min(kj;, k';)AR;;/ R®

— N=2:k
— N =0: Cambridge Aachen
— N =-2: anfi-k;

e Also find the “"beam distance”

dip = kr,

)
e Find min of all dij and dg

* If minis a d; merge and iterate
* |f minis a dg, classify as a final jet

~
~

e Continue until list is exhausted ~<

1. arXiv:hep-ph/9707323
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