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CMS

Compact Muon Solenoid

B physics at LHC

* b quark in pp collisions: —
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CMS
B physics at LHC

- Early B physics at CMS (low luminosity):

e Quarkonia production
* inclusive b-jet production

- Later, with higher statistics:

e exclusive b-hadron decays
- test SM and BSM physics (CP, rare decays)

- Main tools:

 muons (semileptonic b, quarkonia ID)
« secondary vertexing (b-jet tagging)
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LHC and CMS performance

Very good LHC performance and rapid 107 e begrate Lumminosky 2010 (Mar 30 10-0D UTC - Now 08 13:34 U0
Improvement .ﬂ 1 — Dalivered 47.03 pb : ] |
2 10'{ — Recorded 4347 - [ = |

LHC instantaneous pp luminosity B0
2x1032 cm-2s-1 10*

107
end of 2010 pp run:

10"
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Low p; dimuon triggers initially

optimized for J/y and Upsilon | | f :
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Only a fraction of the collected data is used for the results presented here
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SIS CMS Detector

Pixels
Tracker

Compact Muon Solenoid

9.6M channels

ECAL
HCAL
Solenoid

Muons

STEEL RETURN YOKE
~13000 lonnes

ZERO-DEGREE
CALORIMETER

SUPERCONDUCTING
SOLENOID
Miobium-titanium codl
camying ~18000 A

HADRON CALORIMETER {HCAL)
Total weight : tonnes Brass + plastic scintlilator .
Overall diameter
Overall length
Magnetic field

CRYSTAL ELECTROMAGNETIC

CALORIMETER (E
76k scintillating PEWO, crystals

4
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CASTOR
C: ~‘1LGR.!'ME. TER

FORWARD
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Steel + guartz fibras

'@ Plate Chambers
Aive Plate Chambers

relevant detectors for B physics Silicon Tracker
(b-tagging and quarkonium detection): Muon Chambers
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CMS preliminary 2010

tracker performance

CMS Preliminary 2010, ~s=7TeV, L=15nb "’
N A o B L LA e e B e B I
+Data

Vs=7TeV CMS preliminary 2010 Ns=7TeV

_—— IIII|II\\‘\\II|IIII|III\‘\\\Illllllllll‘\\\\lllll -, I\\\‘\\II|IIII|II\\‘\\\I|IIIIlllll‘\\\\llllllllll &
5250? ® Data © Simulation p_in (1.0+ 0.1) GeVic 4 E; . e Data © Simulation p_in(1.0+0.1) GeVic | 1 @Sim.(ight)
§ | = Data 0 Simulation p, in(3.0+0.2)GeVic g m Data 0 Simulation p in(3.0+0.2) GeVic 107 OSim.(charm)
s I 4 Data A imulation p_in (8.0 + 1.0) GeVic 4 ‘g 4 Data A imulation p_in (8.0 + 1.0) GeVic Sim. (bottom)
3 200f; Dat Simulation p, In (8.0 ”’G“"é Ems?i- Dat Simulation p in (8.0 10]5‘”.5? - @sim.(bottom
e [ % o ] e re o ] 3
£ 1s0f " e 0§ 5 E
% C % ] E X }
o i ] © fg 3,
%won— . -
£ £ E e o :
E 50 "é E % g%]..*.i_“’il.ii.a..- ntSanss fatnganta "‘é."é
E : 3 T 8 2.. ||\||||||\|||||\||||||\lllllg
[ Y YA A TR ER RS T Y A ER U A A T S0 3D 1P significance
957245 4 05 0 05 1 15 12,25 25 2 45 4 05 0 05 1 15_2 25 9
rackn rackn
CMS-PAS-BTV10-001
\ CMS'PAS'TRWV CMS Preliminary 2010, Ns=7TeV, L=15nb "'
I B BN BN IR B BRI ILRLS
. ; = +Data -
impact parameter resolution b e
; [JsSim.(charm) ;
0 . P B Sim.(bottom)
very good data/MC impact parameter significance | o ol u 1
agreement g
£ .
secondary vertex displacement significance 10
c nE ' -
£ q5F -
_ _ _ [ S USRI UL IR A | WE
Franco Ligabue CMS B Physics Discrete2010 - A (AL L) Y E
0 50 60 70 80

SV 3D flight distance significance



. Compact Muon Solenoid

Di-lepton invariant mass

Level-1 and HLT trigger:
high capability and flexibility

a0

down to low masses and pr,
(especially low pr muon triggers)

(lower instantaneous luminosities
at LHC start-up)

102

CMS Preliminary . -
10g o F ]
1 - \s=7TeV, L =40 pb™ = 10° = J"‘";hll y Y(1,2,38) -
Q M X M =
1 10 M*J‘Uniass (GeV/c?) § % \”‘\” f'r .‘\ %
- 10° & w =
Stricter triggers now in place to - \l :
1 1 10 B 1 —=
limit storage rates. ~ CMS Preliminary 2010 wv’ E
1 & \s=7 TeV, L,_=35 pb’* ‘w 3
: ] i

—_k

10 e'e mag{Gewcz}
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ct Muon Solenoid

Muon Trigger

e TWO trigger levels » trigger requirements changing
with increasing luminosity
- Level 1 (hardware) (due to total rate issues)
« (fast) based on - Single muon:
calorimeters & muon . p,> 3 GeV at start-up
system (not combined) increasing to
allows detection « p>7CGeVat L= 10 cms™
. . of low-p_
(software) Double muon:
 matches different « No p_threshold at start-up!
subdetectors « at L=10% cm?s"'ad-hoc
strategies for quarkonia
* basefj on fast local (combination of different single
tracking for muons muon triggers)
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CMS muon detectors
pseudorapidity reach

- /éompav;l Muon Solenoid
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g C.ompaol Muon Solenoid

Muon identification

1 ‘\‘\

Tracker muon

Global muon (inside-out):
(outside-in):
Track reconstructed in Silicon

Muon reconstructed in Muon detectors

detectors

matched to
matched to

Track element in Muon detectors
reconstructed track

lower purity (high fake rate)
Higher efficiency for low
momentum muon

High purity
Low efficiency for low
momentum muon
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Compact Muon Solenoid

muon identification performance

m1000_||||||.|l||||||||||||||||||_
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CMS-PAS-MUO-10-002 detectors commissioned with

cosmic runs in 2008 in 2009

Muons from minimum bias events
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! muon identification performance
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events / 0.02 GeV/c?

CMS muon efficiencies:

Tag & Probe method

Compact Muon Solenoid
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Soft muon efficiency
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CMS prompt and non-prompt J/yp

Compact Muon Solenoid

production
° mOtivationS: ~ _\ T 1T | T TTT ‘ T TT T TTT T TT | T TTT ‘ T TT | T TTT ‘ T 1T I_
o™
- prompt production: §1000__°MW=”‘-“’ Ly =314nb" ]
. i) - e data 7
» test theoretical models O 400L— signal+background N
CERN-PH-EP/2010-046 (e.g. color singlet vs S SRR <12 ]
18 Nov 2010 ) | e ackground-only Iy, | <1. |
Submitted to EPJC octet) © .
arXiv:1011.4193 « historical 7600~ o=28Mevic’ T N
: : : ) . _
discrepancies with £ [ iy i
Tevatron data 400~ »
e i
— non prompt: from b hadron i i
decays 200~ ]
e test B production and I _ |
decay models at high Y6 27 28 29 3 31 32 33 34 35
energies u* w invariant mass [GeV/c’]

» test QCD and PDFs
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Compact Muon Solenoid

prompt and non-prompt J/p
production

CMS Analysis:

(first 314 nb™)
*Acceptance window for muons

 Track quality:
» number of hits in full tracker
» number of hits in pixel layers

» track fit x2

* Muon quality:

* fit x2

« track-muon matching

* Di-muon vertex quality
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Compact Muon Solenoid

prompt J/p cross section

invariant mass fit in pre-defined p. and y regions

measured yield is corrected for

kinematics and

acceptance
and
efficiency

linked to detector
performance
from data (T&P)

> decay spectrum
from MC

in the MC:

depends on the

polarization of the J/y:
computed for 5 «extreme»

cases

prompt J/y: unpolarized (isotropic decay)
non-prompt: polarized as predicted by EvtGen

— _I LI ] | 1 LI l LI 1 | 1 LI | LI 1 | LI | LI I | LI I_
o

> | CMS\Vs=7TeV L=314nb" |
Q 1 02 - {} i 3 -
O] - #2s . o lyl<1.2 =
_"'._—_“j B e, ]
c | I ; - 1.2<lyl<16

%}_ ; « 1.6<lyl<2.4
o 10 = @ =
o = ]
B B ]
% | ¢ |
< i i
m 4L ¢ -
| null polarization scenario |

%

107F "=
- Lumi. uncertainty, 11%, not shown .
_l | 1 | [ i L1 1 | L1 1 | [ | [ | L1 1 | [ |_
0 2 4 6 8 10 J 2 14 16

prompt cross section

pi"’ (GeV/c)

o(pp — J/v+ X) -BR(J/p — u™u~) = 97.5 4 1.5(stat) + 3.4(syst) + 10.7(luminosity) nb

Franco Ligabue

CMS B Physics

Discrete2010

16



JIp: acceptance

E 3[]:| T T T [T T 11 1 E 3[]
= - D9 >
i 25F 08 i 25
= B
o 20k 0.7 =20
B 0.6
15 05 15
04
10 03 10
5 02 5
0.1
1 1 1 1 1 I 1 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 1 I
Dn 0.6 1.2 1.8 Jf%.f-l 0 Du 0.6 1.2 1.8 Jh%_al
Iy ly™ "]

Figure 2: Left: Acceptance as a function of the [/¢ pr and rapidity. Right: Number of muon
pairs within 4 100 MeV/¢? of the nominal J/¢ mass, in bins of pt and |y|.
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CM>~! non-prompt J/p cross section

Compact Muon Solenoid

— _| LI LI LI LI LI LI |_ — 133_ LI LI LI 1T 1T T3
E CMS -5 =7 Tel ] E : CMS-\E=7TelV ]
@ L =314 nb” 7] E C L =314 nb
S 102E —4— data = S I —$-—data
= — total fit 3 = L — total fit ]
'g = === bkgd + non-prompt 7] % 1 = ==== blkgd + non-prompt 3
g ........ bkgd g S 1 J— .
1T} T 1T} I~
10¢ = »
- . 10
1# = -
u=py/py] - A 1= ‘
= - SN I A AN I A oo e b e T e 1T
X Sny Pny -1 45 0 05 1 158 2 -1 05 0 05 1 15 2
!w (mm) f-w (mm)

Pseudo proper decay length

T .1
gjﬁp = ny . ”Ij,fq;/fjl' Lyy =

u o x
ulec—1lu

projection of measured vertex distance onto momentum direction . .
Decay length parametrization :

Decay length |,, resolutions depend on the p; and Prompt : d-function
mildly on the rapidity Non-prompt : MC templates

p; (J/Psi) 0-2 GeV/c  ~250 pm all convoluted with a 3-Gaussian resolution

pr (J/Psi) 10-30 GeV/c ~35 pm
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Compact Muon Solenoid

non-prompt J/@ cross section
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Compact Muon Solenoid

co

theory

prompt and non-prompt J/y:
mparison with
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Y(nS) production

X-section result depends
on assumed polarization
(~20% variation between
5 extreme scenarios)
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«Similar selection as J/y:

sacceptance from MC
efficiencies from data (T&P)

«fit to 3 Crystal Ball functions +
linear background

*main systematics from

efficiency
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CN1S | Y(nS) production:

dPo/dp_dlyl x BR{up) (nb/(GeVic))
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CMS

—)JIIP Kt

exclusive B channels

CMS Preliminary

e il T | T 1T | T 1T | 71T
:E - “'_ﬂm"J-"d' 280 k" CMS DPS -2010/033 ]
5 B 1 Analysis ongoing,
o Aor 7 based on larger statistics
QL Mass=5.280 GeV 1 (measuring differential cross section)
. . RMS=32 MeV i
S 301 ]
E E E fit: 3 gaussians + exponential bkg
T 201 —
2 L 3
N {1 e < i Also:
107 +
i i 0 0
U_I 1 11 I 1 1 11 | I | I 1 11 1 | | | I 1 1 I%I 1 11 I 1 | 1 I_ B ﬁJIw K s
49 5 bA1 5.2_ 53 54 55
JAyK mass (GeV/c?) Bo_)‘"q, K*0
Franco Ligabue CMS B Physics Discrete2010
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Ogauss = 16.4 £ 1.2 MeV/c?
Naignai = 377 £ 26

Nge= 978 £ 36 -
x2/ndof = 0.91 -

SN(S+B) =10 4 545 55 555 56

S/B=0.4 JI¥® mass (GeV/c?)
Franco Ligabue CMS B Physics Discrete2010 24
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Fit results: E B
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CMS

Compact Muon Solenoid

b semileptonic decays

signal template: MC validated on data with b-

_ _ : enriched sample
larger transverse momentum relative to jet axis

than with lighter flavour light flavour templates: from hadron spectra in
data combined with muon faking probability
use pTre' template shapes to fit for the b fraction from MC

in the selected events charm template: from MC

AT 1 03 CMS Preliminary

Muon | 7 jet axis = RN AR AR RN R R R

Q 6F — b events .

w - ]

Trigger: pt™=3 GeV R -E' c [ & |- c events 1
i gl C ]
Of”'”ﬁﬂf;ﬁ oV with pr>300 MeV 2 SF ~ - udsg events [
12 hits in Tracker _ Clustered © B PYTHIA D6T |
20 with anti-kT, R=-0.5 4+ —
|zo]<20cm Eqiet>1 GeV N \s=7 TeV .
(excluding muon) 3:_ LMC=0.1 pb™ E

rB-hadron E E E

S 2| =

1 =

[CMS PAS EPH-10-007] 3

pe! [GeV]
Franco Ligabue CMS B Physics Discrete2010 25



CMS

events/bin

-
o
w

b semileptonic decays

CMS Preliminary

}-

|IIII|IIII|II’II|IIII|IIII|IIII|III:X

a CMS data

Fit

b template
cudsg template

.......

.......

JVs=7 TeV
L=8.1 nb"

Franco Ligabue

1273 4 5 6
pe [GeV]
CMS B Physics

charm and light-flavours
merged into a single template
(shapes too similar)

binned log-likelihood fit
(bins of muon p_and n)

non-lumi systematics 11-16%
dominated by

 underlying event simulation
* light flavour template shape

Discrete2010
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b semlleptomc decays

= —— 1200 7
[0 i |I| CcMS “ﬂtﬂ S) . III CMS data |
Q) i MC@NLO (CTEQ6M. m_=4.75 GeV)| 7 =y . MC@NLO (CTEQSM, m_=4.75 GeV) | -

I ) b
S 10%E| — MC@NLO scale variation (0.5-2) | — 1000 --c--- MC@NLO scale varlation (0.5-2) |~
= *_’L_'_ PYTHIA (MSEL 1, CTEQ6L1) . >_E [ | —=—— PYTHIA (MSEL 1, CTEQ6L1) ]
3’_"5 :_t___ Vs=7 TeV ] =. 800 _— \s=7 TeV _
- A B ~ ]
T:‘- 102 Rats L=8.1 nb 4 1 ! L=8.1 nb™ ]
C . >< - |
> - . . +  600¢ i
E i 3 i o) - .
- - L 3 4 3 §
Dok 1% a0k HETE T o
oy - : ] % O S S

P:TCLI_ - 3 T — 200— |
o 3 ol = S R RCRECEEEEEE PR P PR EE PR RE L E e

dg — g5 -

E 1 1 | 1 1 1 1 | 1 1 1 1 i-__l_-l ________________ ; 0 _I L L L L I L L L L I 1 1 1 1 I 1 1 1 1 I_

10 15 20 25 30 -2 -1 0 1 2
muon GeV

pT [ ] [CMS PAS BEPH-10-007] muon ]]

o — (1.48 1 0-0451[31[ 4+ 0-22sy5t 4+ O-IGIumi) }ib Measured visible cross section

UPYTHIA &— 1.8 ﬁ‘b |

ovcanLo = [0.847075(scale) 4 0.08(m,) 4 0.04(pdf)] ub (MF=mg=pr)
MC@NLO consistently underestimates the cross section

larger discrepancies in the central region and at low transverse momentum
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CMS,

Compact Muon Solenoid

b-jet tagging exploiting secondary vertices (pixel detector)

Particle Flow objects
clustered
with anti-kT, R=-0.5
E+#=20 GeV

lyl<2
[CMS PAS PFT-09-001]

Secondary Vertex High Purity
At least 3 fracks associated
3D flight distance significance cut
0.1% light quark contamination

at pr=100 GeV
[CMS PAS BTV-10-001]

complementary to semileptonic tagging
(different systematics)

Franco Ligabue CMS B Physics

Inclusive b-jet production

= 0 7CI'm‘IS simulation Ne=7TeV
- C T T T T T T T T | T

g C Secondary vertex tagger |_ ]

g 0.6 High purity ] -
© o5F

(o)} C 3

£ C ]

g 04 —

« B ]

& 0.3fF =

0.2 ——05=<lyl<1.0 -

- - 1.0=<lyl<15 ]

0.1 -

¢ e 15=lyl<2.0 ]

[ 1 ! ! ! ! | L

0 20 30 40 50 100 200

p. (GeV)

b-tagging efficiency validated on data

using semi-leptonic decays:

data/MC = 0.98+0.08(stat)+0.08(syst)

Discrete2010
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C

MS

Compact Muon Solenoid

Number of jets / 0.25 GeV

160

s =7 TeV

140
120[
1001

8ol

0

0]

b-tagged sample purity

601
40
20

CMS preliminary, 60 nb’
T

Secondary vertex

—e— Data b
| B b template
[ ¢ template
I light template

37 = p, <56 GeV
+2/NDF =18.9/17

05 1 15 2 25 3 35 4 45 5

mass (GeV)

1CMS preliminary, 60 nb’ JVs=7TeV
[ — Data lyl <2.0
0.9- @ mMc -
0.8F 3

I
|

Inclusive b-jet production

d Ub—jets Ntagged f bCSmear
dprdy €et€pApTAYL
\

\\

unfolding factor

jet efficiency

purity
b-tagging efficiency

sample purity validated on data
using

0.6 ] vertex mass fit
05" = *MC fake rates and measured signal efficiency
0.4 Data / MC = 0.976 + 0.022]
: ¥2/NDF =1.2/3
0356 30 4050 100 200
p, (GeV)
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| Inclusive b-jet production
108 CMS preliminary, 60 nb’ \IE 7TeV [CMS PAS BPH-10-009] CMS preliminary, 60 nb1 s =7 TeV
T T T | L T I ]
% P . Iyl <0.5 (x125) E 5[ ~MC@NLO + ¥1<05 i
3 107 B 05| D I Pythia o 05<lyl<1 |
. o 0.5=<lyl<1(x25) c i . ]
p 105 + 4] [JExp.uncertainty . 1<lyl<1.5 ]
C:. '-.j.l;'T.‘_'::_ \ = 1<yl <1.5(x9) O 3L (centeredonansatz) - 415-< lyl<2 A
::n S 10°F -‘” 15<lyl<2 EI ob ]
**5 103§E NN N E S o E— 5 i
%6 102k RO - o P S T S i - 2 S |
— = NN R ] - *
2 1oL CTEQ6M PDF 2 S d SN S S 2
& F meATEGEY N NN e T —— :
1= — MC@NLO l][i NP N, 3 e s i
101; [] exp. uncertainty : Ny 2_ 1
= Anti-k, R=0.5 PF P
1025 kT | ! 1 | L 1§ 0_g| : I:—l-‘ |E| [ B 1l|:r |D""n"‘nh‘n"_ﬁ"l'_
50 30 40 100 200 20 30 4050 100 20C
b-jet p_ (GeV) b-jet p, (GeV)
Experimental uncertainties (~20%) dominated by - - :
b-tagging efficiency and jet energy scale (~5%) good agreement with Pythia at high Pt
MC@NLO uncertainties dominated by scale variations discrepancy with MC@NLO at high pt and
(+40%,-25%) and b-quark mass (+17%,-14%) rapidity
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CMS

ct Muon Solenoid

Compa

b-jet / inclusive jet

CMS preliminary. 60 nb’ Ve=7 Tev
- MC@NLO
01_ ----- Fythla Aﬁtl-k.r H=0.5 PF__
- [] EXp. uncertainty .
i (centered on ansatz) -
0'05__- lyl<0.5
R i i
0_ o 0.5< Iyl <1
gt
0.05
0 05! .* i
s B -8 ‘@'_“'_‘6"_13 & .IEl ]
O ! I | Lo L
20 30 40 50 100 200
p_ (GeV)

Franco Ligabue

Inclusive b-jet production

Ratio of b-jet to all jets.

Jet energy corrections and luminosity
systematic uncertainties cancel
out

Pythia in perfect agreement in
measured range

Indicates shape discrepancies with
NLOJet++ (used to generate
inclusive jets) to MC@NLO ratio
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CMS

Prospects

* Analysis of the entire 2010 data set going on

* Many results expected:

b-jet angular correlations to study production mechanism

quarkonia production updates and polarization measurements
(smaller systematics, also from increased statistics and finer binning)

integrated B meson mixing parameter

X, observation

b hadron exclusive decays: (B—J/y K*,Bo—J/y Ks, B —J/y ¢, Av—JIWA)

(AT, CPK/ioIation)
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CMS

Franco Ligabue

Conclusions

CMS has recorded more than 40pb™' of data at Vs = 7 TeV

only a fraction used for the results shown here (basically data
collected before the summer)

Quarkonia production measurements already allow the comparison
with theoretical models and with other experiments

« systematics will go down with increasing statistics

b quark inclusive production measured with complementary
techniques: semileptonic decays and secondary vertexing

* hints of discrepancies with theoretical models (errors
comparable)

some exclusive decays reconstructed

more results to come with full 2010 statistics!
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Discrete10 - Roma 6/12/2010

Backup

Franco Ligabue

CMS B Physics
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CMS,

- Compact Muon Solenoid

VERY FORWARD
CALORIMETER

CMS detector

MLON CHAMEBERS |

Total Weight
Overall diameter: 14.60 m
Overall length : 21.60 m
Magnetic field : 4 Tesla

: 14,500 t.

[ INNER TRACKER |
!

AETURN YOKE

CHYSTAL ECAL.

35



JIp: acceptance

E 3[]:| T T T [T T 11 1 E 3[]

T . 09 3

g 20T 08 g 25

> B >

o 20f 0-7 =520
- 0.6

11 1 1 1 I 11 1 1 1 | 1 1 11 1 | 1 1 11 1 I
Dl] 0.6 1.2 1.8 2.4 0 D[] 0.6 1.2 1.8 24

Figure 2: Left: Acceptance as a function of the [/¢ pr and rapidity. Right: Number of muon
pairs within 4 100 MeV/¢? of the nominal J/¢ mass, in bins of pt and |y|.
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B x d’o/dp_dy (nb/GeV/c)

1 DE §_I LI I T T T I T T 1 LI LI IBI_I} .:jlrtl-lr,lFID|IMII_ll_ IE g 1 DE §_I | L I | L T T I T T T TT1 IB;; ljilil-lr,l Fln|IHII_II_ I_§
2 —— CASCADE ] 3 - —— CASCADE i
oy @00 PYTHIA ] 5 ol PYTHIA ]
1 =z F :
= 1E 1 g T E
g . B -
- ] % - -
107 E = 107 =
g E o -
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5 IS 5 S
- L=314 nb™" : - L=314 nb™ N
L1 1 1 I L1 1 1 I 1 11 1 I 11 1 1 I 1 11 1 I 11 1 1 _a 11 1 1 I 11 11 I L1 1 1 I 1 1 11 I L1 1 1 I 1 11 1
1079 5 10 15 20 25 30 107 5 10 15 20 25 30
p:'r"’r' (GeVic) p:'r*"+' (GeVic)
1{12 g_I LI I T LI I T T 177 T IE;; Il‘j}"l;_,l FIﬂ|lH II_II_I
J/Psi from b hadrons B —— CASCADE
- —-- PYTHIA

-
o

—— CMS data

1.6<ly, | <24

G
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L =314 nb™ o

_1 D—S 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I>—|
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pi"‘*’ (GeV/c)

g
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CMS J/p from b-hadrons: comparison

with other LHC experiments and

Compact Muon Solenoid

with Tevatron

1 « cMS 100nb" 1.4<|y|<2.4

057 m cMs 100nb" |y|<1.4
] ¥ LHCb 14.2nb" 25<y<4.0
04| * ATLAS 17.5 nb' |y| <2.25 {
] LHC \s=7TeV }E
0_3_: Preliminary

fraction of J/y from B-hadrons

] gua 8
0.1 Eiiiﬂ « CDF \s=1.96TeV |y|<0.6
PRD 71 (2005) 032001

S N L L L s L By S S
0 2 4 6 8 10 12 14 16 18

p; " [GeVic]
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Compact Muon Solenoid

=
— S —
) 1400_ CMS Preliminary 2010
:ﬁ’, 12(]0:_ Vs=7 TeV, L _=35 pb”
O :
a 1000 -
o D s ED
— 800 o: 52 + 3 MeV
2 :
S 600
>
L

400}

..|| I|.I..I..|..
2 22 24 26 28

F DPalla _ INERL Dics

' quarkonia to electrons

..I..I..l..l-_l- I|.||.I
3 32 34 36 38 4 42

e*e” mass (GeV/c?) A L0 B LA L R B L A
700~ cMS Preliminary 2010 1 E
600 \Vs=7 TeV,L =35 pb"’
500

- o149+ 15 MeV
400

Events / ( 0.1 GeV/c?)

300:

7 8 9 10 1 12
e*e” mass (GeV/c?)
CTFEO2010 - FEMNALD 10220 Meowe 20010
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— /6.ompav;l Muon Solenoid

Flavor Creation

[#) b

g b

Gluon Splitting

Flavor Excitation

Franco Ligabue

b quark production

mechanisms
LO:

+ Flavour creation

Large NLO contributions:

+ Flavour Excitation

+ Gluon splitting

Test benchmark for perturbative QCD,
MC tools and detector performance

+ Long standing problems with lower energy data
resolved

+ Measurements could have smaller errors than
NLO QCD predictions currently available

- ————
GSP I

Herwig 6.4

FEX

|
o
wn
sjouuey?

o

100 1000
p; [GeV]
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CMS
b-jet ansatz fit

assumed jet production shape:

2p1 cosh(Yumin ) B
f(pr) = No (pr/ GeV )™ (1_ /s ) exp(—v/pr).

v
smeared with a gaussian resolution function

llll'_ ’I."" EEn I]lf_- L5 Een Eemn
) fpr Y:Di)g —Pr Y 0)dpy
0
fpr)
. . GHIE]L"HI!’ UJTj —
unfolding correction F(pr)
Franco Ligabue CMS B Physics Discrete2010
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CMS muon system

3 Super Layer (2¢ and 160) for the first 3 stations
DT

2 Super Layer (2¢) for the last station

4 Layer for each Super Layer

o ~ 200 ym

.........

E
2

DT I I nlh ; I'.'I.IE- £

ST N
R T RPC
. | T —> —
—
' | | o,= 2ns
2 RPC chamber for the first 2 DT stations

1 RPC chamber for the last 2 DT stations and for

the CSC chamber till Inl<1.6

CSC
6 gaps (Layers) for each

camber

I wire plane and 1 cathode
plane with strips

o, =~ 100-240 ym




CMS.

ct Muon Solenoid

J/psi B fraction absolute systematics

1 ‘\‘\

i

p%i“‘& Misalign-  B-lifetime Vertex Background Resolution Efficiency
(GeV/c) ment model estimation fit model
Yy <12
45— 6.5 0.0045 0.0041 0.0038 0.0007 0.0129 0.0020
6.5 —10.0 0.0017 0.0000 0.0008 0.0120 0.0073 0.0010
10.00 — 30.0 0.0021 0.0004 0.0012 0.0004 0.0032 0.0036
1.2 < Jy| < 16
20—45 0.0067 0.0040 0.0151 0.0032 0.0191 0.0019
45— 6.5 0.0020 0.0086 0.0002 0.0169 0.0024 0.0007
6.5 —10.0 0.0019 0.0006 0.0027 0.0000 0.0002 0.0010
10.00 — 30.0 0.0056 0.0004 0.0101 0.0051 0.0098 0.0011
1.6 < |y| <24
0.00 —1.25 0.0052 0.0064 0.0375 0.0022 0.0172 0.0001
1.25 — 2.00 0.0051 0.0041 0.0206 0.0011 0.0049 0.0002
2.00—2.75 0.0044 0.0047 0.0085 0.0168 0.0027 0.0001
2.75 — 3.50 0.0019 0.0061 0.0004 0.0001 0.0068 0.0011
3.50 — 4.50 0.0017 0.0024 0.0043 0.0027 0.0109 0.0018
4,50 — 6.50 0.0067 0.0003 0.0016 0.0021 0.0083 0.0041
6.50 — 10.00 0.0017 0.0035 0.0033 0.0004 0.0105 0.0040

10.00 — 30,00  0.0057 0.0008 0.0045 0.0008 0.0015 0.0019




CMS

Compact Muon Solenoid

LHC in 2011

@ 2011: “reasonable” numbers

m 4 TeV (to be discussed at Chamonix)

m 936 bunches (75 ns)

m 3 micron emittance

m 1.2 x 10" protons/bunch

m beta® = 2.5 m, nominal crossing angle

m Hubner factor 0.2
Peak luminosity 6.4 x 1032
Integrated per day 11 pb’
200 days 2.2 fb1
Stored energy 72 MJ

Usual warnings apply — see problems, problems above
Franco Liga 12/11/10 ) LHC status
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tracker resolutions

Primary Vertex Resolution X (um

Number of Tracks

CMS
o
reliminary 2010 Ws=7TeV  CMS preliminary 2010 s =7 TeV
AAAIRAAAN LR AR ....|....,....,....,....,: E RARIAAARS LnasRARE ....|....,....,....,....,:
1 = ]
—— Data 1 > 200-_ —— Data N
r —— Simulation ] S r —— Simulation ]
" 15 I° ]
150 o E 150 4 .
. S :
1(]{]_— " . 5100— .r .
[ ., i E [ , ]
L ey 1 = [ ", ]
{ ] { ]
ta, 1 2 50¢ "ta, ]
arn ""-nmm..".,“ ] E ¥ gy, TTTIrTIe
T FETI FEW ETETY PR AT SN AT AT ‘E D- TN PN FTETE PR ETETE PR TR A
5 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
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(a) (b)

CMS preliminary 2010 s =7 TeV

= 280 [T T T T T T T T T T

E ]

-E': [a e ]

N 200f , R

c [ e ]

A=l r ]

3 [ " ]

o 150 -

b3 [ ]

5] S | R

x S ]

§ 100~ 1 ]

5 ¢ 4 ]

> L fay . ]

2 S0 1tg,, 7

g i lllIlIIl.:....“"“I. ]
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5 10 15 20 25 30 35 40 45

primary vertex resolution: 25, 20 um
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CMS

Compact Muon Solenoid

B'—-Jly K*

Single Muon trigger

* Select opposite sign di-muon combinations, (p. >3 GeV/c cut at HLT level)
L] . I . I T i
Select combination/event with mass closest to the J/psi mass ct/sigma,_ >1

* Select events with a di-muon vertex Probability >0.1% ot | enath of J/osiK
. ; ; ; T ; Cl:transverse aecay ieng 0 pPSIK”
Muons satisfying quality criteria (require a muon chamber segment vertex relative to primary vertex

matching in position and direction with the prediction sigma_=error on transverse decay length
of the associated track extrapolation)
* At least one muon required to fire the trigger 1-d fit to J/psiK- invariant mass:
« Both muons required to have p (mu)>3 GeV/c, |eta(mu)|<2.4 - Signal: sum of three Gaussians
» Combine J/psi candidate with tracks (p,>0.9 GeVic) (means and widths fixed to MC)
* Kinematic fit with J/psi mass constraint Mean: .280 Gevict -
. . Resolution = 32 MeV/c? (weighted
* Require vertex probability > 0.1% sum of gaussian resolutions)
- If multiple candidates/event, choose highest p, B- candidate Background is fitted with

exponential function
(slope floated in the fit)
N_sig =48 + 8

Franco Ligabue CMS B Physics Discrete2010 46



Bs - J/¥@ mass peak -

Only certified BPAG good runs [140042 - 149442].
Scraping and GoodVertex filters on each event applied;

Triggers: HLT_doubleMu0 OR HLT_DoubleMu0_Quarkonium_v1;

Muons: used Global or Tracker, if Tracker muon arbitration/selection
TMLastStationOptimizedBarrelLowPtTight is applied, p(l)>3 GeV/c and |n|<2.4;

Selected a pair of opposite-sign muons, both muons required to fire the trigger. Track/muon and
muon/muon overlaps removed:;
JIY: candidate mass within 150 MeV/c? around the J/ mass PDG value, p.(J/0)>0.5 GeVic;

Kaons: transverse momentum p.. (K)>0.6 GeV/c and |n|<2.5;
@: candidate mass within 10 MeV/c? around the mass PDG value;

Kinematic fit of the four tracks with the J/ PDG mass constraint, cut on vertex probability > 2%
Significance cut ct, /o, >3, where CT__ Is transverse decay length of J/Q¢@ vertex relative to

20 2D

primary vertex and g, is the error on transverse decay length:;
Franco Ligabue CMS B Physics Discrete2010 47



JES & JER

" Compact Muon Solenoid

10 CMS prelirninar}r,l 2.9 pb’ Vs =T7 TeV \Ja=7 TeV L=73 n&" CMS preliminary
r ] : I I I L I I LI : - T T T T T T T T T ]
=, gE STotaluncert. - PFlets (Antik_R=0.5) A
> Tk — Total MPF ] 03k Denl<14 _|
£ B8F particle flow jets +E|;ftﬂ" ;Sﬂt-_ilﬂ = . - T
m r : = Extrapolation ] i i ]
E ?:_ Antl'k-l- UE EL DT +Uff5Et {+1 FU} _: &E: i e Asym (MC) ]
2 gE ~ Residuals E e 02 —e— Asymmetry (data)  —
5 ; = :
o9 5 E E i
§ 4 : 1L N
2 3 I _
= - e
3 2 : :
L L I L L
_n — T
< 1 T c
g E a r e
ﬂ ] L1 1111 EE‘ A0 1
20 30 100 200 10002000 SR - S S
50 100 200 300 400 1000
P (GeV) p, [GeV]
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