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The Compact Muon Solenoid
CMS Detector - .

Microstrips (80-180um)
Plxe ~200m2 ~9.6M channels
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y Steel + quartz fibres
_ HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator | MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :3.8T
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¢ (Global muons reconstructed with information from tracker and muon stations

* Global muons need p = 3 GeV to reach the muon station, but lose 2-3 GeV energy in
the absorber — a minimum of = 5 GeV total momentum required

* Further muon ID based on track quality (%%, # hits,...)



Y candidate in PbPb at /snn = 2.76 TeV

CMS Experiment at the LHC, CERN

Data recorded: 2010-Nov-12 03:55: 57.236106 GMT(04 55:57 CEST)
Run / Event: 150887 / 1792020 _

uTHT pair: ST N E— |
mass: 9.46 GeV/c? A \
PT: 0.06 GeV/c

rapidity:—0.33

U+: ~/

pT = 4.74 GeV/c?

n = -0.39

pr = 4.70 GeV/c? N\ SR S/ =

n = -0.28



Open Heavy-Flavour



* [eading order b quarks are produced back-to-back

» Higher order contributions with different angular
correlation varying importance with pr

* Heavier and longer life time than light mesons
» B* ¢t = 491.1 + 3.2 um
» B0 ¢t = 457.2 + 2.7 um

* Semi-leptonic and hadronic decays

* CMS i1s very well suited for b-physics due to
excellent tracking and muon detectors:

» reconstruct secondary vertex with inner tracker

» trigger and reconstruct muons with muon detectors
down to low pr

» reconstruct secondary vertex of non-prompt J/:

B—=J/pX—=puX

|dentifying B mesons with CMS
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Semi-leptonic B decays

* Trigger on single W (pr > 3 GeV/c)

* Require offline reconstructed W with pr > 6 GeV/c
and |n| < 2.1

* (luster all tracks into jets using anti-kr algorithm

(R=0.5)

prim. vertex

» Jet finding etficiency from 74% to almost 100%

depending on W pr %10° CMS Preliminary
. (- B L B B L
» Very good angular resolution (2—8%) IS ah — bevents |-
%)
* Due to large B mass, muons from B decays have ¢ | [ | |77 cevents ]
| . . . gJ 5 -~ udsg events |
larger pr*® (pr of W relative to jet axis) than muons g ) VTHIADET
from c or light jets (udsg) 4= it Vs=7TeV |
[ it mMC_ -1
e Measurement of total cross section and differential 3+ L7=0-Tpb
cross section as a function of W-pr and 1 with 25:5' E
Lint . 85 ﬂb_1 E
1_:" —

P [GeV]



Binned maximum likelihood fit
of pr distribution

MC templates for b and ¢
(signal template validated by b
enriched data)

Data driven template for udsg
contribution (mostly from in-flight
decays)

events/0.2 GeV

Combined template for ¢ and udsg contribution

Templates for each W-pr and 1 bin

Inclusive b cross section in kinematic range:

Inclusive b cross section at \/s =7/ TeV
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Differential b cross sections

n

* Measurement in agreement with MC@NLO for pr > 12 GeV/c integrated over 1)

* Above MC@NLO at mid-rapidity at low pr
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Inclusive b-jet production

e Events collected with minimum bias and jet Double b-jet candidate
"
rigger (CMS DPS-2010/ 015)
° JCtS with 18 < pr < 300 GCV/C and CMS Experiment at LHC,

. . . CMS g ‘Data Recorded: Sat Apr fI:I(E)F;’\I31 :20 2010 CEST /
|y| < 2 reconstructed with anti-kr algorithm o e a6 /

(R=0.5) using calorimeter and tracker information %

(Particle Flow) -

064942

* b-tagging based on secondary vertex
reconstruction

» Require secondary vertex with at least 3 tracks

» b-tagging efficiency from MC, verified in
subsample by measurement of scale factor using

thel

» Mistag rate from MC, constrained by data-driven
negative tag discriminator

gPata /MO — 0,98 +0.08 +0.18
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Inclusive b-jet production at v/s = 7 TeV

¢ CMS preliminary, 60 nb’” \'s =7 TeV

CMS preliminary, 60 nb” \s =7 TeV
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BB(bar) angular correlations

CMS \s=7TeV,L=23.1pb’

JHEP 1103 (2011) 136

CMS \s=7TeV,L=3.1pb’
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* Measure angular correlation between secondary vertices (does not need jet direction)
* MC normalised to data in AR>2.4

* MC does not described data at small AR: region dominated by gluon splitting

» MadGraph over-predicts, all other models under-predict cross section 12


http://www.springerlink.com/content/973044328847026g/
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BB(bar) angular correlations
JHEP 1103 (2011) 136
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* Data in between PYTHIA and MadGraph

* Increase of contribution of collinear BB(bar) pairs with jet pr

» as expected for gluon splitting
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Quarkonia
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Non-Prompt J/p
from B decays

® Reconstruct u u~ vertex

* Simultaneous fit of u"u~ mass and
pseudo-proper decay length

”L,J/w
¢/ = Ly ——
J /P Y D

J/

Loy

10°

10%

10

Fﬂfrl"fn i HIM T

T I T T T T I T
CMS Preliminary - \s =7 TeV
L =36.7 pb™
—&— data

total fit
-------- background

8< p.< 9 GeV/c
lyl<1.2

4

4 4.5
u* w invariant mass (GeV/c?)

/é\ 103 : UL I LI LI L I UL I UL I LI :
= - CMS -\s=7TeV ’
Q@ | L =314 nb" )
g " —4— data i

~ 02 —— total fit
%) — -
‘8’ 1 C - = - bkgd + non-prompt 3
u>J e N bkgd ]
10F E

1F

- 1111 I BRI "l'"‘l 1 :

-1 -0.5 0 0.5

1 1.5 2
1y, (Mm) 16



J/Q in pp at Vs =7 TeV

CMS PAS BPH-10-014
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* Prompt J/1 well described by NRQCD

* Open heavy-tlavour:

» Non-prompt J/ fall faster at high pr than expected from FONLL
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P(2S) in pp at /s = 7 TeV

CMS PAS BPH-10-014
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* Prompt P(2S) well described by NRQCD
* Open heavy-tlavour:

» Non-prompt P(2S) overestimated by FONLL
* falls faster with pr than expected from FONLL



Xc in pp at /s = 7 TeV

* Measured radiative decay: Y —= |/ ¥

CMS DPS 2011-011

* Photon measured by reconstructing

e"e” conversion pairs

. AN
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Y(nS) in pp at /s = 7 TeV
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Phys. Rev. D 83 (201 1) 112004

e Separation of the 3 Y states with good mass resolution

* PYTHIA agrees in shape, but not in normalisation

» Total cross section overestimated by about a factor 2

20



Muon pairs in PbPb at +/snn = 2.76 TeV

10

IR '% | """'II
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Y(1,2,3S)

p;*_ > 4.0 GeV/c

CMS Prellmlnary

PbPb\ s, =2.76 TeV
L =7.28 ub’
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Prompt vs. non-prompt |/ in PbPb
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First time that prompt and non-prompt |/ have been separated in
heavy 1on collisions



Prompt J/L|) RaA vs.pTand y
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CMS: pr > 6.5 GeV/c

Raa =

» Factor 3 suppression for pr > 6.5 GeV/cand aty = 0

» Trend to less suppression at forward rapidity
STAR: no suppression at high pr
PHENIX: lower pr

» opposite rapidity dependence

ALICE: inclusive ]/, pr > 0 GeV/c, 0-80%
» Raa = 0.49 = 0.03 = 0.11 (Pillot, QM2011)

Careful when comparing Raa of prompt J/1 (CMS)
and inclusive J /1 (ALICE)

» In pp at low pr: ~10% b-fraction

» From RHIC we know that open charm cross section is
unmodified
(can assume the same for open bottom)

» non-prompt |/ could shift Raa by 10% 23
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Prompt |/ Raa vs. centrality

* Prompt J/1):

» 0-10% suppressed by factor 5
with respect to pp

» 50-100% suppressed by factor ~1.6

* Similar suppression seen at RHIC

» though at lower pr
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Prompt |/ Raa vs. centrality

< _I T | [N | L | L | L | L | L T I_
o 1.4 s CMS Preliminary — * Prompt J/1):
1 2:_ POPb \ sy =2.76 TeV _: » 0-10% suppressed by factor 5
T = Prompt Jiy 1 with respect to pp
1. -

J\? » 50-100% suppressed by factor ~1.6

‘ AuAu \/Syy = 200 GeV

Y¢ STAR preliminary
+ p, > 5 GeV/c, lyl<1.0

TR

A
'
S
2\

* Similar suppression seen at RHIC

o
o)

» though at lower pr

» Suppression at high pr much smaller at
RHIC

o
~

o
o
III|III|III|II
— 00—

0.2 0.0<lyl <2.4 - g
- 6.5<pT<30.O GeV/c
_II|||||||||||||||||||||||||||||||||||||_
0O 50 100 150 200 250 300 350 400
Npart
CMS PAS
HIN-10-006
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Prompt |/ Raa vs. centrality

< T T T T | T T | T T | T T | T T | T T T T
< o ]
0C 1.4 CMS Preliminary — * Prompt J/1):
1 2:_ PbPD \'syy =2.76 TeV - » 0-10% suppressed by factor 5
- = Prompt JAp 2 with respect to pp
1 2 » 50-100% suppressed by factor ~1.6
-\ R. Rapp & X. Zhao s . . o
08l - — Prompt Jiy (V=U) b e Recombination negligible for pr>6.5 GeV/c
I S T Shadowing -
H RN Cronin i
06m “\-+[ - Formation time ]
0.4 | -
02 00<lyl<24 L o
- 65<p <300GeVe T =
_I L 11 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 11 I_
0O 50 100 150 200 250 300 350 400
Npart

Zhao & Rapp, NPA 859 (201 1) 114
+ private communication 26



Prompt J/: Cold Nuclear Matter effects!?

I L L L Y I O OO < L L Y L Y I B B O
~ . . ] < B . . ]
1.4 CMS Preliminary — oC 1.4 CMS Preliminary —
o PbPb \ sy =2.76 TeV - g PbPb \ sy =2.76 TeV -
| = Prompt JAy i - = Prompt JAp i
1 1
0.8 0.8
I CNM: CEM NLO i .
0.6— [ EKS — 0.6
i + I nDSg i - + CNM: traditional 2 — 2 -
| Ferreiro, Fleuret, Rakotozafin.dr.abe, | | - EKS |
04 L + Lansberg, and Matagne (prellmmary)_ 04 - - nDSg )
B ] B Ferreiro, Fleuret, Rakotozafindrabe,
B ] B Lansberg, and Matagne (preliminary) |
0.21- 0.0 <lyl <2.4 . - 0.2/~ 0.0 <lyl <2.4 . -
- 6.5< p, < 30.0 GeV/c . - 6.5< p, < 30.0 GeV/c .
_I oo v b b b b b b I_ _I oo v b b b b b b I_
0O 50 100 150 200 250 300 350 400 OO 50 100 150 200 250 300 350 400
Npart Npart

* Work in progress to estimate (anti)shadowing contributions

Ferreiro et al.

(preliminary) .



CMS Preliminary

PbPb \/s\, =2.76 TeV
0 (0-100%)
* Non-prompt J/p < (0-100%)

m Prompt JAp

—i
III|III|III|II-II|III|I

CMS PAS °

0.8 HIN-10-006 -

o6k 20—100% -

0—20%

0.4 1 -

jr ; r

02— 0.0<lyl<24 0 —

- 6.5<p." <30.0 GeVic -
T R - R R ol (R TR

Npart

Open heavy-flavour: Non-Prompt |/ Raa

1.5

! | ! ! I | I ! ! I | ! I I

CMS Preliminary 0-10%
-1
PbPbyfs,, = 2.76 TeV, j Ldt=7pb
Gauge bosons
—— Z° ly|<2.0

—e— lIsolated photon |1)|<1.44

| ! ! I ]

| | | | I | | | |

N

¢¢H’¢‘1ﬁ%‘

—&— Charged particles |n|<1.0

—N— b-quarks(via secondary J/v)
(p,) Inl<|2-4 (0-20%)
| |

| | | ] ' | | | |

20 40 60 80
m; (p,) (GeV)

* Suppression of non-prompt J/ observed in min. bias and central PbPb collisions

» First indications of high-pr b-quark quenching!

100

28


http://cdsweb.cern.ch/record/1353586/files/HIN-10-006-pas.pdf
http://cdsweb.cern.ch/record/1353586/files/HIN-10-006-pas.pdf
http://cdsweb.cern.ch/record/1353586/files/HIN-10-006-pas.pdf
http://cdsweb.cern.ch/record/1353586/files/HIN-10-006-pas.pdf

n

Y (25+3S) Suppression

~—~ prrr1rrj7yUr1rrnorr1r 7y 1rvnr1T 1T T T T T | |||||||| |||||: _|||||||||| |||||||| |||||||||||||||_
N<§ 80 CMS Prellmlnary - N‘§ e data CMS Preliminary -
. pp\s=276TeV | © OF __ pppoiit | PbPb \'sy,=2.76 TeV ]
¥ 00<lyl<2.4 . I pp shape 0-100%, 0.0 < lyl < 2.4 ’
S 60 0<p. <20 GeV/c —~ S 0 p'>4GeVic [| 0<p <20 GeVic B
@ L = 225nb” . PR L =7.28ub" §
€ 50 ] c 40_— —
L%J o = 92 MeV/c? (fixed to MC) . :>j B = 92 MeV/c? (fixed to MC) 7
40 NT(lS) = 101 & 12_5 30 # Ny(ls) = 86 12 -
30 — - i
: 20_—
20 . -
0 7 10
07 7 d
m,,. (GeV/c?) m,, (GeV/c?)
(28 + 39)/7(1S)|pp = 0.7870:16 + 0.02 1'(2S + 3S)/7(1S)|pppp = 0.241013 +£0.02
e Measure Y (25+3S) production relative to Y(1S) production
e Simultaneous fit to pp and PbPb data at 2.76 TeV PRL 107 (2011) 052302

T(2S + 3S)/T(1S)|pbpb
T(2S +39)/7(19)],.

* Probability to obtain measured value, or lower, if the real double ratio is unity, has been
calculated to be less than 1%

= 0.317012 £0.03


http://dx.doi.org/10.1103/PhysRevLett.107.052302
http://dx.doi.org/10.1103/PhysRevLett.107.052302

II|III|III|III|III|III|IIIIII <<  [TTTT]TTTT | IIIIIIIIIIII |IIII|IIII| IIIIIIIIIIII <

< T
o [ CMS Preliminary lec 1.4f CMS Preliminary - £ 14 CMS Prellmlnary -
i PbPb\(sy =276 TeV | [ PbPb \(s =276 TeV 1 : PbPb \[8 = 2.76 TeV :
2__ B 1.2:— —: 1.2:_ * Y(1S) ¢ (0-100%) _:
L 4 Y(19) ¢ | s ¢ Y(1S) . ) ]
1] |7 z
- il 0.8_— ? ] 0.8_— ? ]
1P 1 o6F -4 o6l + Jf -
i ¢ i B + ] B ]
i 1 o04f — 0.4 —
0.5 + 7] i ] i i
[ 0-100% 1 0.2 0-100% < 02F00<lyl<24 ~
i 00<lyl<24 ] - 0.0< p, < 20.0 GeV/c i - 0.0< p, < 20.0 GeV/c ]
111 | 111 | | | | | 111 | 111 | 111 | 111 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 || |||||||| | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1
% 2 4 6 8 10 12 14 16 18 2 25 2 15 1 05 0 05 1 15 2 25 % B0 100 150 200 250 300 B350 400
P, (GeV/c) y Ny
e Y(1S) suppressed at low pr R Ly,  Npppp(T(15)) Epp
AA —
e No obvious rapidity dependence TaaNuB Npp(T(15))  €pbpb(cent)
e CMS: Y(1S) CMS PAS

» suppressed by factor ~2.3 in 0-10% HIN-10-006

* Large feed down contribution from excited states (¥, Y (2S), Y (3S))

» Observed Y(1S) suppression consistent with melting of excited states only

30
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T | T TT | T T | T TT | T TT | 1T | T TT | T T T TT < [rreepreet | IIIIIIIIIIII | TTTT | TTTT | IIIIIIIIIIII ] < _' T | |||||||||||||||||||||||||||| |

CMS Preliminary i 1.4 CMS Preliminary — i 1.4 CMS Prellmlnary —

i PbPb \/syy =[2.76 TeV - PbPb \/sy =276 TeV 1 - PbPb \ /sy = 2.76 TeV E

2" 1 Y ER S + Y(1S) o (0-100%) ]

* Y(1S) 6 i R s Y(1S) 3 - AuAU \[s,, = 200 GeV :

- s e . 1 Y STAR preliminary B
1.5~ ] - i - lyl<0.5 s

[ 1 osf ¢ 1 os- |
! - i ) B e 1
’ 0.6/ + ] 0.6 Jf ,PL =

¢ - i . ‘ ]
0.4 - 0.4 J? -
0.5 0 7] B j - ‘ ]
. 0-100% 4 0.2~ 0-100% = 02— 0.0<lyl <24 —
i 00<lyl<24 ] - 0.0< p, < 20.0 GeV/c . - 0.0< p, < 20.0 GeV/c .
111 | 111 | | | | | 111 | 111 | 1 1 | _I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 I_ _| 111 | I | | I | | I | | I | | | | | | 1 11 I_

Y 2 4 6 8 10 12 14 16 18 2 95 2 145 1 05 0 05 1 15 2 25 % 50 100 150 200 250 300 350 400

P, (GeV/c) y Noar

e Y(1S) suppressed at low pr

* No obvious rapidity dependence

e CMS: Y(1S) CMS PAS

» suppressed by factor ~2.3 in 0-10% HIN-10-006

e STAR measures R4 (2 (1S + 2S + 3S)) = 0.56 & 0.21799% (arXiv:1109.3891)

1 +7(2S + 38)/7(18)|pbpb

» for CMS (0-100%): R T(1S+2S+3S)) =R T(1S

1+ 0.24
— 0.62 ~ 0.43
15078 31
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Y(1S) Raa

f: 2.5_I T T T TT T TT | T T T | T TT | T TT | T 1T | T TT | T TT T T I_ i _I TTT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTT I_ i _I T TT T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T T TT I_
o | CMS Preliminary 1o 1.4 CMS Preliminary - @C 1.4 CMS Preliminary -
I PbPb \/s, =[2.76 TeV | . PbPb \/s\, =2.76 TeV i . PbPb \/s\, =2.76 TeV ]
2 - 1.2 — 1.2~ —
i ’ B ] N ¢ Y(1S) O (0-100%) i
[ e Y(19) ¢ I ¢ Y@s) ] 1= 1
15~ M. Strickland s N ] E M. Strickland E
- — 4an/S =1 il 0.8 \ ’/ 0.8 ® —4m/S=1 -
- - B i i 4mS=2 ]
1P 1 osl B - o6~ N\~ ¢ e dmn/S =3 _
i 9 ’ B ] LN e e i
- — ] 04 M. Strickland e T
0.5~ + ] - —4m/S=1 ] - T~ T i
- 0-100% 4 0.2~ 0-100% - 4SS =2 02— 00<lyl<24 —
- 0.0<lyl<2.4 ] - 00<p <20.0GeVc 4m/S =3 - - 0.0<p_<20.0GeV/c -
111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111
% 2 4 6 8 10 12 14 16 18 2 95 2 45 4 05 0 05 1 15 2 25 % B0 100 150 200 250 300 350 400
P, (GeV/c) y Ny
e Y(1S) suppressed at low pr
* No obvious rapidity dependence
o CMS: Y(1S) CMS PAS
HIN-10-006

» suppressed by factor ~2.3 in 0-10%
* M. Strickland calculates Y(1S) and %1, Raa (arXiv:1106.2571)

» For feed down: no explicit calculation of Y (nS) Raa: assume all states as suppressed as the

» Rapidity and centrality dependence in good agreement, but misses suppression at low pr
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Summary

In PbPb collisions at \/SNN = 2.76 TeV

* Prompt |/ suppressed

< T T T T 1 | T T | T T | T T | T T | T T T T .
o 1_4:_ CMS Preliminary _: e Y (2S+3S) suppressed relative to Y(1S)
i PbPb \ s\, =2.76 TeV : » Observed Y(1S) suppression consistent
1.2~ = Prompt JAy 0 (0-100%) - with melting of excited states only
1k * Non-prompt Jip 7 (0-100%) 7 * J/¢ from B decays suppressed
B ¢ Y(1S) O (0-100%) |
0.8 -
0 6: s Jf - In pp collisions at Vs = 7 TeV
Tt 2 * B production measured in a variety of
0.4 % | + - channels
- 5 . * Differential cross sections described by
02— 0.0< |)G|/w< 2.4 " N models within theoretical and
- 6.9 |< P; <| 30.0 lGeV/ C| 0.0 |< P, <|20-0 Gl'eV/C i experimental uncertainties
O L 1 1 1 I I I I | I | I I L 1 1 1
0 %0 10010 Iioo 250 300 350400 * Angular BB(bar) correlations at small AR
part challenges models
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b-jet/inclusive jet ratio

CMS preliminary, 60 nb” \s =7 TeV 80CMS preliminary, 60 nb" \s =7 TeV

- -~ MC@NLO ' ] [ Total uncertainty |

= _ . _ B lyl < 0.5
0.1 Pythia _ Anti-k; R=0.5 PF . b-tag efficiency (20%) y

- [ Exp. uncertainty 601~ b-jet scale (1%)

(centered on ansatz)

—— Jet energy scale (5%)
—e— Charm mistag (20%)

b-jet / inclusive jet
o
o
I I(Jl.ll I

40 —o— Light mistag (50%)
O "-"" ]
20_——‘_‘“- ------------------------------------------ =
0'05‘ 0:_% """ : = —
R - .

005 Fsyicz ]

Uncertainty on b-jet ratio (%)

P B e e L NS i __'I |
O ‘E‘; ---- ) 1 1 1 1 1 Lo 1 i _40 | 1 1 1 1 1 1 Lo 1 il
20 30 40 50 100 200 20 30 40 50 100 200
p_ (GeV) b-jet p_ (GeV)

CMS preliminary, 60 nb"

s =7TeV
T I T
80 (] Total uncertainty lyl <0.5 ]

........

- —— Jet energy scale (5%)
60" —— Charm mistag (20%)
- —— Light mistag (50%)

-40F L B
20 30 40 50 100 200
b-jet P, (GeV) 35

Uncertainty on b-jet production (%)
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Inclusive b-jets

E I | L | L | L | [ | L | L | L | L E L | I I I I | I I I I | I I I I | I I I I | I I I

: CMS preliminary \s=7TeV : ﬁ - CMS preliminary \'s =7 TeV .

i Inb_jetl <24 L =3.0 pb™ 1 = I 0P 5 30 GeV L =3.0 pb” ]

=R N  Data = % T e Data

F — PYTHA  § B i — PYTHIA ]

i = mceNLo ] O

: | 4 .

S = | -

i ] e | -

] ] | - | 1 1 | | - | L 1 | | 1 1 | | - | 1 1 | | - ] ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ]
40 60 80 100 120 140 160 180 200 0 0.5 1 1.5 2

b-jet p_[GeV. b-jet Iyl

use secondary vertex to tag b-jets and then pr™ as further discriminator

CMS PAS BPH-10-008
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Exclusive B cross sections

CMS Preliminary,\N's=7 TeV Spring 2011

value = stat. = syst. = lum. error
(integrated luminosity)

pp— B* X
P>5 GeV, lyl<2.4

283+24+20 +1.1ub
(6pb”)

pp— B® X
P:>5 GeV, lyl<2.2

332+25+3.1+£13ub
(40 pb™)

pp— B, X = J/y ¢ X 6.9+06+0.5 +0.3nb

8<P;<50 GeV, lyl<2.4 (x1000) (40 pb™)
Theory: MC@NLO
CTEQ6M PDF, M:(m§+p$)”2, m_=4.75 GeV
|
50

B-Meson Production Cross Section [ub]



Y (25+3S) Suppression

Systematic uncertainty: 9.1%
Statistical uncertainty: 55%
Null-hypothesis testing:
» p-value = 1%
» Significance of suppression is 2.4 O
Relative suppression of Y(25+3S) vs. Y(1S)
» Observation consistent with melting of the excited states only?

What about cold nuclear matter effects?
» Shadowing cancelling in the Y(25+3S)/Y(1S) ratio

» pA run?

PRL 107 (201 1) 052302
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J/Q in PbPb at v/snn = 2.76 TeV

—~10°

€ E
€ [ CMS Simulation .
L _ L i
Separate prompt & non-prompt J /1 SRS Js = 276 TeV :
(=)
e HI tracking algorithm uses vertex constraint =10 %, PYTHIA + EviGen: B~ Jiy 73
"Gc: - ' O pp reconstruction ]
» Smaller efficiency for non-prompt than for =k "-“ %, e Hlreconstruction ]
prompt J/ 10 W E
» Effect increases with pr % Sy,
L L %@%@ _
e Efficiencies from Monte Catlo 10 #m %%Q??%@%
. 2
» Simulate signal with “realistic” PY'THIA - H'H + ik
| 1 1 1 | | 1 1 1 | | [ | L1 1 | | 1 1 1 | | 111 1
» Embed signal in min. bias event simulated with o s 1 Is 15“2( )3
. mm
HYDJET (also in data) o
> 1: L T 17T | T 17T | T 17T | L | T 1T | T T :
o - ]
» Validated MC by comparing efficiencies § 0.9F- PYTH'A+EVtGe:+HYDj/ET(BaSS)—;
. g 9y - = - m Prompt JAp .
measured with “Tag & Probe” in MC and data & 08 + Non-promptJiyy
0.7F E
0.6F- 3
o.5§— m y + —
0.42— . + —
0.3F- * ko <
Eooe ¥ 5
02-% X CMS Simulation =
0.1F- PbPb \/s = 2.76 TeV 3
O: 1 1 1 | | 111 1 | 111 1 | 1 11 1 | 1 1 1 | | 111 1 | 1 1 :
0 5 10 15 20 25 30

P, (GeV/c)
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Y (1S) Acceptance and Efficiency

CMS Simulation
PYTHIA + EviGen + PHOTOS

pp \'s =2.76 TeV
Y(1S)

Acceptance Efficiency

1:| L 1T T 1 | T 1T 1 | 1T T 1 | T 1T 1 | T T 1 | (L .
0.oF PYTHIA+EvtGen+HYDJET(Bass) -
08k ¢ Y(1S) E
0.72— —i
0.6;— o ¢ A % + —
os-* ¢ E
0.4 =
0.32— —
0.2 CMS Simulation =
0-13_ Pbe SNN - 2 76 TeV_f

OEI L1 1 | I I | | I I | | I I | | I I | | I I | | L1 E

0 5 10 15 20 25 30

p_(GeV/c)

e Efficiencies from Monte Carlo
» Validated with data driven method (Tag & Probe)
e Acceptance to pr = 0 GeV/c

4]
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« data CMS Preliminary
— fit pp \'s =2.76 TeV
0.0<lyl<24
pi >4 GeV/c 0 <p. <20 GeV/c
L. = 225nb”

o =92 MeV/c? (fixed to MC)

8 9 10 11 12 13 14
m,, (GeV/c?)

Nygg) = 101 412

T (2S + 3S)/7(1S)|pp = 0.781015 £ 0.02

Y(nS) in pp at v/s = 2.76 TeV

Signal shape: sum of three Crystal Ball functions
Background: 274 order polynomial
Free parameters:
» Y(1S) mass
» Y(1S) vield
» Y(2S+38)/Y(1S) yield ratio
» Y (3S)/Y'(2S) yield ratio
» background shape
Mass ratios of higher states fixed to PDG
Y'(1S) resolution fixed from MC: 92 MeV/c?

» Consistent with fits when leaving resolution free

(both 1n pp and PbPb)

Resolution of higher states fixed to scale with
mass ratio Oos = mZS/m1s 018

» Crystal Ball radiative tail fixed to MC
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Events / ( 0.14 GeV/c?)
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« data CMS Preliminary
PbPb \s\y = 2.76 TeV
0-100%, 0.0<lyl <2.4
pi >4 GeV/c 0 <p_. <20 GeV/c

L. =7.28ub’

=h
—

o = 92 MeV/c? (fixed to MC)
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Whiaus:

8 9 10 11 12 13 14
m,, (GeV/c?)

Ny 1) = 86 =+ 12

T (2S + 3S)/7(1S)|prpp = 0.2470 75 £ 0.02

Y(nS) in PbPb at +/snn = 2.76 TeV

* Signal shape: sum of three Crystal Ball functions
e Background: 2°¢ order polynomial
* Free parameters:
» Y(1S) mass
» Y(1S) vield
» Y(2S+38)/Y(1S) yield ratio
» Y(3S)/Y(2S) yield ratio
» background shape
* Mass ratios of higher states fixed to PDG
e Y(1S) resolution fixed from MC: 92 MeV/c?

» Consistent with fits when leaving resolution free

(both 1n pp and PbPb)

* Resolution of higher states fixed to scale with
mass ratio Oos = mZS/m1s 018

» Crystal Ball radiative tail fixed to MC
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Y(IS) Yield in PbPb
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S T ¢ Y(1S) 1o E 1° e Y% o (0-100%) ]
= B _ C _ N B ° i
g [ ¢ 1= 07 ¢ Yas) 1 [ - CDF pp \/s = 1.8 TeV ]
o | 1™ o0s6E =S (PRL 75, 4358 (1995))
& n ] R CMS pp\s=7TeV I
'°< - 1 05F = (arXiv:1012.5545)
< - ] 1= -
S 0.4~ E N

0.2
0-100% o4F. 0-100% - 0.0<lyl<2.4 .
| 00<lyl<24 ) "F 0.0<p <20.0GeVic 0.0 <p_<20.0 GeV/c
III|III|III|III|III|III|III|III|III|III IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII -1IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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P, (GeV/c) y Noar

e Y(1S) in PbPb at Vsan = 2.76 TeV below cross section measured in pp at 1.8 TeV by CDF
» No strong centrality or rapidity dependence

CMS PAS
HIN-10-006
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Tag & Probe
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8 29 3 31 32 33 3. 4 3.5 8 29 3 31 32 33 34 35 . . . .
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S o9f | E tag pairs and in failing probe-tag pairs
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04 E — 14% systematic uncertainty on data/
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