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CMS studies of the nuclear modification factors

* PbPb data sample used in this talk:
PbPb collisions at Vs, = 2.76 TeV, | Ldt~ 7 b

* Study of the colorless probes

* Study of the jet quenching and medium modification by looking at
the magnitude of the charged particle suppression
Complementary to direct jet reconstruction

* Results are compared with parton energy loss models
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Nuclear modification factor

Raa > 1 (enhancement)

inel 2 “QCD Medium”
RAA: 9 pp d NAA/dedn - { R, = 1 (no medium effect)
<N(;011> d2 Upp/ de dn “QCD Vacuum”

R < 1 (suppression)

PbPb measurements pp reference spectrum

Z boson NLO calculation from POWHEG

JHEP 07(2008)06

NLO calculation of isolated photon
from JETPHOX JHEP 0205 (2002) 028

Charged particle Interpolation from CMS pp

measurements at 0.9, 2.36 and 7 TeV.
Arxiv: 1104.3547 submitted to JHEP

|solated photon

_ "NN equivalent integrated luminosity per
0 AA collision”
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CMS studies of the colorless probes

14

Colorless

: 'y'|{['}_f—', ' 7' — proton PDF 1
13+ 7, — —
L [ 2 s s Ty == EPS09
/ £t == HKN
o U )
1.0
0.9 y..
q 0s X i
“I PbPb 5.5 TeV arxiv:1103.1471]
| | | | | | | | | I | | 1 | | | | | |
D-?{) 20 40 60 80 100 120 140 160 180 200
. GeV
* Z bosons: pr [GeV]
* First measurement of the Z boson production in PbPb
* Photons:

* Measurement of isolated photons to reject decay photons
* Probe the nuclear parton distribution function
- Future analysis: shadowing effect at low p. and isospin effects at

high p.
* Used to check the initial state and # of binary collisions
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CMS studies of the charged particles

2 SPS 17.3 GeV (PbPb) GLV: dN fdy = 400
Color charged . O WASB (0.7%) GLV:dNjdy=1400
B GLV: dN/dy = 2000-4000 |
RHIC 200 GeV (AuAu)

= . — YaJEM-D ~
O = PHENIX (0-10%)

— — elastic, small P___ -

L % h STAR (0-5% _
1.5 X O5%)  __ elastic, large P__
B LHC 2.76 TeV (PbPb .
I SPS (PbPb) — YaJEM |
i — ASW |
< . ) ,
EE?Z - ¢ h* ALICE (0-5%) PQM: <& = 30 - 80 GeV*/fm

1 2 34 10 20 100 20
* Charged particles: p. (GeVic)

* Large suppression observed at RHIC

* Study of the final state and medium modification
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CMS detector

EM and Hadonic calorimeters
Photons, Jets

—

HF
(Forward Calorimeter)
MinBias Trigger
Centrality

Inner tracker:
Charged particles solenoid

Muon

detectors

Muon In|< 2.4

BSC

HCAL nl< 5.2 (Beam Scintillation Counter)
ECAL |n|< 3.0 MinBias Trigger
Tracker nl< 2.5
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Trigger and event selection
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* MinBias Trigger:
* Coincidence of BSC or Forward
calorimeter signal
* Trigger efficiency: 97% £ 3%

o o
(o)) o e] -
T T

o
I
T T T 1

* Di-Muon Trigger:

* Two reconstructed tracks in the

o
N

Efficiency (Trigger / Minimum Bias)

CMS Preliminary Pbe\JsNN=2.?6Te‘V i

1 i

Photon Trigger
Uncorrected ET > 15GeV

muon detector with p. > 3 GeV/c

PRSI T T T AN TN T TV N '
20 30 40 50 60
Corrected Photon E; (GeV)

70

80

* Photon Trigger:
« Uncorrected photon E.> 15 GeV

- Jet Trigger: [gives high p_ reach]
 Uncorrected jet E > 35, 50 GeV

Fraction of minimum bias events
o

* Centrality determination:
* Forward calorimeter (HF) energy

EMS | Yen-Jie Lee(MIT)
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CMS Preliminary

PbPb \[s,,=2.76TeV IL dt=6.8ub"

Min Bias Trigger
z2ooos Photon Trigger
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Our first Z — p*uy” candidate in PbPb

CMS./ | CMS Experiment at LHC, CERN
—_ Data recorded: Tue Nov 9 23:51:56 2010 CEST
—\| Run/Event: 150590 / 776435

7 A Lumi section: 183

Yen-Jie Lee(MIT)

Muon 0, pt: 29.7 GeV

Nuclear Modification factors from the CMS experiment
Quark Matter 2011

Muon 1, pt: 33.8 GeV
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Study of Z— p*u” in PbPb collisions

Events/(2 GeV/c?)

ArXiv:1102.5435 accepted by PRL See Jorge Robles's talk on Thu 3pm
| | | | | | | | — 100 prerrprrrr e
0 C ]
CcMS Pbe\n'STm =276 TeV & Opposite-sign o - d) CMSPbPb7.2ub"at\s,, =276 TeV =
15 |— JLdt =72 led = Same-sign _ m go £ [30-1001% E
» -1 < C .
p. >10 GeVic, 1| <2.4 lcs pp7Tev s t 70E F1o-30r E
—~ B0 W L B Y it
- | D - _
10 QN 50F =
V - [0-1001% [0-101% O
> 400 E
S— 30 = POWHEG + PYTHIA 6.4 e
o 1 > s Paukkunen et al., CT10+isospin -
u | E 20 ;— ----------- Paukkunen et al., idem+EPS09 —;
Ry L | S 108 T et s
D’T | TT Tl ? | TA O:I L 11 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 |I:
30 40 50 60 70 80 90 100 110 120 0 50 100 150 200 250 300 350 400
Dimuon mass (GeV/c?) Noart
* Clean Z signals from opposite-sign di-muon <NCO”>
- T, normalized yield is consistent with POWHEG (NLO) P =~
. : : : 0)
* No modification is found with respect to the pp reference pp
Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment
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Isolated photons in PbPb collisions

Jet, p.: 99.7 GeV/c

Photon, p.: 142.1 GeV

M | Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 10
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Isolated high p. photons

* Ideal: Direct photon from hard scattering
* Real world: Background from the decay and fragmentation photons.
* Solution: Measurement of the isolated photons

i_ - T /1 e
| Compton \]i I Bremsstrahlung \l
I SN N
i | i .ﬁ
I Annihilation j\h’\‘ I Fragmentation
| . | |
- S D R
I | e 5 i i e ) |
I E LN f ........... ' i i "f“ I
| WY v
| ¢ ' same object | \P |
| | ’ |
' to detector's .
| Isolated 7 View Isolated| Non-isolated -
L oo Iy '
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Photon isolation in PbPb

Generator level

AR<0.4, SE =< 5GeV . 4 N

with only particles from
the same hard scattering

Particles from the
same hard scattering

>

.o'.i::;.IIIIIIIIIIIIIIIIII

CMS Experiment

Sum E_ (p;) from

Calorimeter and
tracker

Contribution from
underlying event

( Yen-Jie Lee(MIT)

|solated photon Photon candidate from jet

5
4
3

0.4
0.3 0.3

0.2 0.2

0.1 < 0.1 =
g o 2 & S o 2 &
0.1 uf -0.1 u
-0.2 1k 02 il
-0.3 -0 -0.3 1o
-04 04
0.40.302-01 0 01020304 | VAN E NN Tor=Toyii
BEFORE AT sEFore A

L DL LR LU L background energy subtraction

Nuclear Modification factors from the CMS experiment
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Background subtraction

Photon candidate
Isolated photon from jet

-'t‘

* Background subtracted
Isolation by using the
mean E_ per unit area in

the n strip and remove the

underlying event o ; il
contribution inside the
Isolation cone
-0.40.302010 010.20.304 N 040302-010 01020304 -1
BEFORE An o BEFORE AN

Isolated

Non-isolated

-0.4-0.3-0.2-01 0 0.10.20.304

-0.40.302-0.1 0 0.10.20.30.4
AFTER AN AFTER A7

See Yongsun Kim's talk on Fri 5pm

Nuclear Modification factors from the CMS experiment
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Background subtracted isolation in PbPb

Generator level

with only particles from
the same hard scattering

Particles from the
same hard scattering

>

CMS Experiment

Sum E. (p,) from

Calorimeter and
tracker < 5 GeV
with background
subtracted

/I Yen-Jie Lee(MIT)

Isolated photon

0.4
0.3

0.2

0.1

g o
-0.1
0.2
0.3
0.4

Isolated

0.4-0.30.2:0.1 0 0.10.20.3 0.4
AFTER AN

background energy subtraction

Ao

Photon candidate from jet

-04-0.30.2-01 0 01020304

AFTER AN

background energy subtraction

Nuclear Modification factors from the CMS experiment
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Photon signal extraction

% 08 :' L L DL DL L ': [ - e ]
= C 20-25GeV in 30-100% centrality m i ]
S °TF - il e ] 1000 |- .
= . _F Probability distribution - :
@ 06| . - - 7
N [ of width of transverse shower a00[ b
S f : 2 .
Z 04F = > = 600~ extracted 7
- i wb 2
S B E 400 - _
02F - = - :
- Background 1 200 ]
" ] :IE—\-.-.___: ; :
D:' A = R - . [ N

0 0.005 001 0015 002 0 0005 0.01 0015 0.02

Transverse shower shape (o Shower Shape (o, )

Ir|Ir|)

* A technique used in CMS pp analysis

* Signal template: obtained from PYTHIA+MinBias data

* Background template: obtained from non-isolated 11°, n in jet,
obtained using a data driven method

=MS/|  Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 15
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Photon pp reference spectrum

pp at Vs = 1.96 TeV pp atVs =7 TeV

e L L=326pb" S 161 o - E
8 B = P - Dg o e CMS 2010 —#— Data/ JETPHOX 1.1 7
I'E 14 pp = 15 - Ns=7TeV CT10 PDFs / BFG-Il FFs B
L S _ 1 ]
— i o - L —r 2.9 pb Stat. + syst. uncertainty -
‘E L 3 = !Dol <1.45 +11% lumi. unc. not shown ]
al2- ) - - Er <3GeV . Theory scale dependence -
i t ‘ """ _%Jr --------- WL o | 13F Erf2<p<2E —
L -+ C s PDFs uncertainty ]
1~ .ﬂ * l + l % = il L 12 PP -
i l 1 I T £ JL ___________________________ - .
A O R 1.1 .

0.8 { T W 1L T -

i 1E

0.6 ™ ratio of data to theory (JETPHOX) 0.9 f—

i CTEQ6.1M PDF uncertainty -

R scale dependence 0.8 -

04 (15=47=4=0.5pT and 2p1) | 07f-
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 :| | | | 1 | | | | | L —
0 50 100 150 200 250 300 20 30 40 50 60 7080 100 200 300

PLB 639,151-158 (2006) PRL 106,082001 (2011)

* JETPHOX calculation agrees with data within 20%
* Photon pp reference:

* NLO calculation from JETPHOX with CT10 PDFs / BFG-Il FFs
« Photon isolation requirement: E.<5 GeV in a cone of AR<0.4

CMS t Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 16
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Photon E_ spectra in PbPb collision

* The reconstructed
photon spectra in each
centrality bin is scaled
by T,

* Results are consistent
JETPHOX calculation

M5/ Yen-Jie Lee(MIT)

—
o
=

dN/dE./ <T,,> (pb)
3

j i

CMS Preliminary —eo— 0-10% % 1000
PbPb 276 TeV. g  10-30%x 100

4 —*— 30-100% x 10

Snn =
11T<1.44,_[ Ldt=6.8ub
—H— MinBias x 1

Systematic Uncertainty
I JETPHOX (pp NLO)

!

10° = — =
10 ;_I I — | I I | L 1 1 1 | L 1 1 1 | L1 1 1 | L1 1 _i
20 30 40 50 60 70 8

Nuclear Modification factors from the CMS experiment
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Isolated photon R, in 0-10% PbPb collisions

PbPb 0-10% Photon RAA Pbe(EPSOQ nDS,HKNO7)/pp(CT10)
2 I'T T | I'T T | I'T T | I'T T | T TT1 | T TT1 | I'TTT | 1 T T1 | T T | T 1T | T 1T | T T | T TT | ' T 11 | T T
- CMS Preliminary . - CMS Preliminary ——— PbPb(EPS09)/pp(CT10)
=  POPbYS,=276TeV  hiictdd|Lat=eou’ ] > | POPENSW 2TV ebmDsyppicTiO)
@) B Pb+Pb ] 8 T In'|<1.44 ——— PbPb(HKNO7)/pp(CT10) |
g 1.5 £ 1.5+ —
+ ~ T é_ B — — EPS09 PDF uncertainties |
g I ] 18 [ T |
3 — T 15 T —
© 1 *_—_—_—;;—_—_—%“——_ —————— P e —
T? - e —— g B — ———— m—
0 B 1 ¥ i e _
D_ L0 —_—

o) - —s— PbPb(0-10%)/pp(CT10) | 0L - — ]
a ] Systematic uncertainty | i i |
~ 0.5 et ' — — —
g - T T, Scale uncertainty 1 = 0.5 i i
o B — NLO Scale uncertainty ] Cﬁé - ETISO < 5 GeV 7]
i — — CT10 PDF uncertainties I ]
0||||||||||||||||||||||||||||||||||||| D||||||||||||||||,|||||,,|||||||||||||

10 20 30 40 50 60 70 &0 10 20 30 40 50 60 70 80

Photon E; (GeV) Photon E; (GeV)

« CMS measured the isolated photon R, for the first time
 The photon R, at 0-10% is consistent with unity

CMS i Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 18
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Isolated photon R,, vs N,__

i CMS Preliminary
2:_30'100% 0100 & : PbPb \[S=2.76TeV
B MB 10-30% ° ] IL dt=6.8ub"
150 1 { PbPb/pp (NLO)
- . I 1 111':-1;:;
o 1E ' | | T = + : 1 —a— 30-100%
s + — ] —B&— Min Bias
05 T ] Systematic uncertainties
- 20-25 GeV 25-30 GeV | — - noscate uncertainties
o L T il il it —— — CT10 PDF uncertainty
L D e L L DL L L [rrrrprrr T e T T T
of T + i ]
15 - + + .
N S | S 1
1 | =$I' |
0.5f — + .
- 30-40 GeV 40-50 GeV 950-80 GeV
0~ ~f00 200 300 400 100 200 500 400 100 200 300 400
GO N O Mo

MS/|  Yen-Jie Lee(MIT)

No centrality dependence

Nuclear Modification factors from the CMS experiment
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Summary of colorless probes

* No modification of the initial PbPb 0-10% Central
state. The hard scattering 2 JSL P LA L B B
] = reliminary o/
processes scale with the - PbPbys = 2.76 TeV, j Lat=7up"  0-10% |
number of binary collisions ]
from the Glauber model 1.5
* Baseline for the study of ! s 7
charged particle production mﬁ

* High statistics run in 2011
will shrink both statistical and

. o 0.5 __ Gauge bosons
systematic uncertainties i = z° ly|<2.0 -
- Isolated photon [n|<1.44 -
Analysis of Z— e*e” and I | | Taa 'T"“E“ai"t’| -
W— pv are on-going % 20 40 60 80 100
See Lamia Benhabib's poster m; (GeV)
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v-jet event in PbPDb collisions

Jet, p.: 99.7 GeV/c

Photon, p.: 142.1 GeV

CMS i Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 21
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Charged particles spectra in pp collisions

T T T T | T 4 [ T T T T T T T T T 11T _|
(a) CMS \s=7TeV 107 £ (b) CMS VS=7TeV [nj<24 [Ldt=2.96 pb™]
;‘ T . A4 = - Combined samples =
8 E M:r:]?all?‘s'ijlt-’rlgger (413 pub™) 102 0 MB@IE,) |
= & MB (E_ < 60 GeV) —
— & Jet15U trigger (10.2 nb™) il 1 + Jet15U (E_ = 60 GeV) —
- *  +.Jetd0U § —
% % Jet50U trigger (2.96 pb) 3 107 —
: e N
o N —
£ k) ]
k=] - = —]
- . pp 7 TeV s |
4 7 L ] —~. 10 —
T 10 EE zé% ZE —
— - = 10°® —
Ez; - 4 *ali* |:| HLT MB (E, <60 GeV)
E . E_ e|Z|E 3‘3‘ 1071 |:| HLT Jet15U (60 < E, < 120 GeV)
10 % |:| HLT Jet50U (E_= 120 GeV)
- 107"
u‘ 1 __ T T T |
E 12F 3
i ke, C $ 1
& 05 E 1.0 ;-n--n-nn-n—nt-n-n—nmn-ﬂ-&$$- SRy % Sty BECREPD =
3 L + Jet15U [ MinBias | o |~ Combined/MB E
e I ** # Jets0U [ Jet15U T "~ I —&— Combined/[MB + Jet15U]
R T 200 300 )
1 10 10

corr jet

E;" " [GeVl Arxiv: 1104.3547 submitted to JHEP P, [GeVic]

» Measurements in pp collisions at Vs = 0.9, 7 TeV with jet trigger
- 4 times higher p.. reach than any other experiments

* Calorimeter triggering:
Lower the fake rate of the high p_ tracks
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Ed’s/dp® [mb GeV2c?

Ed’s/dp® [mb GeV2c®] x 10°

For p,.<10 GeV/c: Bin-by-bin
interpolation from experimental data

Charged particle pp reference

- T T ' ' " 1021
(@) pp(P)— 0.5(h"+h) + X (In|<1.0) ]
- @ CMS 7 TeV (2.96 pb') CDF 1.96 TeV -
o ® CMS 2.36 TeV (0.2ub™) <> CDF 1.8 TeV B 10"
= ® CMS 0.9 TeV (231ub™) CDF0.63TeV o ] —
: o ] ™
L _— _ C}IU 101?
B re=a i g
i I 0
107 = _| o 107
= = E
- p,=3GeVic - B 1on
o
B o ] °
T I D
- — m‘D
O Vs =2.76 TeV interpolated value i 10"
10-4 — . . _ <
= O Xgscaling interp. 3 ;
C ] Q
- ] @ 10°
I ] K
<
L - 10_."
10° = —
C - 5
- p, =9 GeVic ] 10
i ¥ ]
1 10

Yen-Jie Lee(MIT)

\s [TeV]

For p,.>10 GeV/c: (NLO-based)
x-scaling of existing data

_IIII| I
(a) *,

—HII| |

X, = 2p,/\s

PP(P) — 0.5(h"+h) + X (In|<1.0) §
CMS 7 TeV (2.96 pb™)

CMS 0.9 TeV (231ub™)

CDF 1.96 TeV
CDF 1.8 TeV
CDF 0.63 TeV

Global power-law fit

L]

‘I
»
)
.
+\“

107

Arxiv: 1104.3547 submitted to JHEP

Quark Matter 2011
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Tracking Performance in CMS

0 SRRy PP sideband of the impact

10 e
Track p_(GeVio) parameter distributions

1_ ] ] 1 | L ] ] ] L ]
0.9 E_ | CMS Simulation _E
TE SWH'A:';V;J\ET o 1 ¢ Efficiency ~65% and
- tp. > . < .
0.8 etp, > 4D Gelle, Track |  Fake < 3% up to 100 GeVi/c
3 ii:iilluuii:-iﬁ o
y 06 ‘i *'H  * Momentum resolution is below
p [ ] .
= 0'55 Final Track Selection 3 3% (CorreCtlon < 3%) up to
04F  ® 05% 3 100 GeV/c
~ & 5-10% -
0.3F ® 10-20% =
- 30-50% -
02F  « s000% 4  * Fake rates cross-checked by
04 O - calorimeter matching and

-

-~

-
fd
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Charged particle spectra in PoPb collisions

L L v L | 18 T T T T T T T T L S
N 10 —cms Preliminary n 107 £ cwms Preliminary PbPb — h+X, n[<1 =
= ] PbPb — h+X\f§ . = 2.76 TeV, nj<1.0 :: A Vo =276TeV
O —e— Combined = e Ty Faa =
~ 102 |4 —=— MB all — —~ 10° s —
A i % 10 By, T B =
A _ . MB {ET*:E[J GeV) o . ~~+,ﬂ+ v, *1'1 =
. ' k. T
=% Jet35U (80 < E; < 100 GeV) % il S T TS
v 10 Jet50U (E_2 100 GeV) I e L L M=
p—af e 2 Fa By h"'il'q-, O
D-I— B ___'-?‘- 10 E: ".--' '__i-‘- ._-' i*il'_;
T 10 Z E N T
% A - e,
= k = —e— 0-5% —=— 5.10% (x10%) e
o 10 1072 & —4—10-30% (x10*) —+— 30-50% (x10°) =
“i = % 50-70% (x10%) —&— 70-90% (x10") -
10'1'3' E: _____ pp reference (CMS) (scaled by {Nm"‘:-} :E
— . - . — ‘_ ! I B R ! T R R R
156F — < 8 Systematic uncertainty _
C ] 2 B 0-5 % 1
o C ] C ]
= 1:““-‘*—*+ ---------------------------------------- ~ = 6 5-90 % B
oS - + * ’ ] § 4L E
0.5 - - E
. | . . N | N N N | N N N . N . | 2 n N N N ' I | 1 1 1 1 PR T |
20 40 60 80 100 1 10 102
P, (GeV/c) p, (GeVic)

« Extended the p. reach with jet triggers up to 100 GeV/c

See Andre S. Yoon's talk on Thu 4pm
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Charged particle R, ,

In different centralities

1.6
1.4

1.2

2 F
X 0.8

0.6

0.4F

0.2

1.6
1.4
1.2

x 0.8
0.6
0.4

0.2F

- PbPb — h+X, |<1.0
E\sy =276 TeV

N Tas uncertainty
M [ B ...l

[ =
——
- .—.;.. . *._.._.
byt 3T ‘—"—'n_l._.l_l
pt—

J- T | T T T T T T T I _l
—CMS PI‘G|II"|"|II'Iar_V - O

7090%@@

n
i "

=% T

1 1 IIIIII| 1
2 345 10 2030

P, (GeV/c)

IIII :rF
1001

IIIIII| | | I T | | T N | 1 | I T I I | ]
2 3456 10 2030 2 3456 10 2030 100

P, (GeVlc) P, (GeV/c)

* Dip structure developing as a function of centrality

R,

Cﬂ Yen-Jie Lee(MIT)

Nuclear Modification factors from the CMS experiment

increases as a function of p_. in the p.>10 GeV/c region
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Charged particle R,, compared to models

2 i SPS 17.3 GeV (PbPb) GLV: dN/dy = 400 -
- o 1° WA98 (0-7%) GLV: dN,/dy = 1400 -
- RHIC 200 GeV (AuAu) GLV: dN /dy = 2000-4000
B —— YaJEM-D _

o x° PHENIX (0-10%) ,
— — elastic, small F’ESC —

15— }{ = h* STAR (0-5%) — elastic, large P__ ]
- SPS LHC 2.76 TeV (PbPb) —  YaJEM i

® h' CMS (0-5%) — ASW
< B * -
2 - (]L ¢ h' ALICE (0-5%) PQM: <G> =30 - 80 GeV?/fm

0 | | | | L 1 1 1 | | | | | I I | |
1 2 3456 10 20 30 100 20
P, (GeV/c)
Strong constraint on the parton energy loss models
“MS Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment
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« CMS has measured the R, of

isolated photons, Z and charged
particles

* No modification is observed in Z

and photon production. 1.5
Confirmation of the Glauber
scaling for the pQCD probes <

o

* Large suppression is observed in
the PbPb charged particle spectra
which is due to the final state
medium modification. Extended
the high p, reach to 100 GeV/c.

The R, rises to ~ 0.5 at high p_ in

0-10% central events. Strong
constraints on the parton energy
loss models

Cﬂ Yen-Jie Lee(MIT)

- CMS Preliminary
— PbPby/s,, =2.76 TeV,

i zﬂ

0.5

3

—e— Isolated photon
Charged particles |n|<1.0 -+

det=7ub'1 0-10%

ly|<2.0
nl<1.44

0

o

20 40 60
m; (GeV)

Nuclear Modification factors from the CMS experiment

Quark Matter 2011

80

28

100



Backup slides

Yen-Jie Lee(MIT) Nuclear Modification factors from the CMS experiment 9
Quark Matter 2011 /0\



Beam scraping event rejection

£ 20— o >10 10°
.| = ..
o18L | I = — 2 f Real collisions I
© 16f Vi 2 g .
- E L _
s b L i S 0.9 TeV
c X +10°
% 120 g t 6 .
QIOFN\ N\ NN e /A g ]
@ gk %o\ N° A E \9 ]
o [ i © Q\> A —10
D 6F \ ’ B A _
S 4_ \ 2
O 4F R r . .
ok ' % \{ 3,‘“‘ -] [ h.r R
- L .- | . ) .‘ : i : | ..,. ,:.: I| TN T S T W ] I ) ) ! 1 1 ! 1 1 1 1
% 20 -0 A0 10 20 30 % 500 1000 1500 |
Z [cm] # of pixel hits
Primary vertex
Vertex-cluster compatibility: Beam-scraping events have
Ratio of N .. inthe V shape and a lot of pixel hits but ill-defined
N_ ... iN the V-shape offset by 10 cm vertex

Remaining beam-gas fraction:
2x10-° (neglected)
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—

Fraction of minimum bias events

—
DI

Centrality Determination

* Forward calorimeter (HF) is used for centrality determination.
* The distribution of the total energy in HF is used to divide the

sample into centrality bins.

ET T T [ T T T [T T T[T T T[T T T[T T T[T T T[T
- CMS Preliminary
1 ,
- PbPb \/s,,=2.76TeV |Ldt=6.8pub
1 Min Bias Trigger
0 E 2044 Photon Trigger
0_2 — 1
SR !
S : o= : ~2
-2 l Q I S
B = i ©? | -
07 : t L
= 5 185 0=
S AU OB S /5SS
4 ot AT I A H WA H A H A
077 B st
ST eteteteletelateletoloteteleledotetetotoleleleleles
S S R P R RRKAKRK
Eon, o e T o
S R SRR
A R SRRRLA A
e e, el ]
B BRI R R KRR RKIRA
R R R RN |

O 20 40 60 80 100 120 140

161

@ Sum HF Energy (TeV)@
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Fraction of minimum bias events
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CMS Preliminary

PbPb \,’5"" =2.76 TeV
—— Minimum Bias

—— Jet trigger (35U)

—— Jet trigger (50U)

5
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 Reconstructed from CMS ECAL Barrel (|n|<1.44) and E_ > 20 GeV

* Additional photon energy correction is applied to remove the
underlying Pb+Pb event contribution. (1 — 11%). Corrected
statistically by PYTHIA + MB.

Energy Resolution (%)

* Photon energy resolution is 2 — 10% as a function of event
centrallty and photon pT (20 — 80 GeV).

12 B T I I I B L INLJNLENL L LN L L L LB TT T T [T T T T[T T T T[T 1T
- CMS Prerllmmar'l_.lr
10 Energy Resolution _| uE ]
N PYTHIA + DATA T T :
8 __ 0% ~10% 1o 10% ~30% _ 30% ~100% _
: b 1 e '
_._
6 - 1 — —]
L L Py
af 1 ° . §
L ®
_ . &
2L Energy resolution -+ . .
Lot bbbt T b b b b b Tovvv e b v v b b b
%l} 30 40 50 60 70 80 30 40 50 60 70 80 30 40 50 60 70 ac

| Yen-Jie Lee(MIT)

Er of photon (GeV)

E+ of photon (GeV)
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Photon ID and isolation

* Photon ID:
* Hadronic / EM energy < 20%

« Sumlso: (Iso_.,, *+Iso,., *+Iso; )

* Background subtracted.
 Photon candidate E_ subtracted in

ECAL.
. L L L D L
* Conesize: AR <04 : CMS Preliminary ]
* Sumliso <5 GeV 1000~ det=s_mb-1 ;
i -e- Pb+Pb \s =2.76 TeV
500 = ERdTolnate -
* Signal Extraction: o |
S 600 -
Transverse shower shape Oir 2 o E. : 20-25 GeV |

P -

* Shower width in the n direction a00 |-

* Data driven background shape. [

* Separate isolated photons from
I 0 e R R R A

the ISOIated m ! r] 0 0.005 0.01 0.015 0.02 0.0
See Yongsun Kim's talk on 5/27 5pm Shower Shape (6, )
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Charged particle systematic uncertainties

Source Uncertainty |[%]
Reconstruction efficiency 3.0-4.5
Non-primary and fake tracks 2.5—4.0
Momentum resolution and binning 3.0
Normalization of jet-triggered spectra 0.0—4.0

Total for PbPb spectra 4.9-7.8

Source Uncertainty [%]
Total for PbPb spectra 4.9-7.8
T'x adetermination 4.1-18
Interpolated pp reference spectrum 6.8-13
Total for Raa 9.3-24

Quark Matter 2011
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Rce(p-) for Different Centralities

d’N,, /dp,dn/N_,(central)
d’N,, /dp.dn/N_, (peripheral)

Rep =

Yen-Jie Lee(MIT)
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Comparison between CMS and ALICE R,

15 l_ CMS F'IrﬁzlirrlninalryI o IU-IS%I | _
| PbPbyjs,, =2.76 TeV, j Ldt=7 ub'1
- L= CMS 0-5%, |<1.0 -
- «  Alice 0-5%, [n|<0.8 ? 7
-1 SR St S _
: I
o 1
0 5 I % T M
g EEEy, ++ # + + + |
e l.- mT T |
L .'- [ ] .i. : 4
] .fl,u_. -
0 | L1 |
1 10

AR !
p. (Gev)
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Comparison between CMS and WHDG

CMS preliminary 7, uncertainty ;-0
| PbPb — h#X, iy|<1.0
| /Sy, = 2.76 TeV

—

(0.8 Horowitz and Gyulassy (arXiv:1104.4958)

lI]IJlllI]FJ

i [[7] =° WHDG LHC extrapolation
b 0.6/
! |

- -. i
0.2 s
C 0-5% :
0_ : ! R L L Ll :
1 2 3456 10 20 30 100

P, (GeVic)
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