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| HC and CMS at Glance

° b-hadron Physics:
Main Features and Reasons of Interest

° b-tagging with CMS Detector
° Inclusive b-hadron Production with Muons
° b-hadron Measurements with Secondary Vertexing

e Conclusions and Outlook
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Excellent performances of the machine
running smoothly @ 7 TeV since 2010

Current records:

Instantaneous luminosity already
reached 1.27 x 10* cm™?s™
1092 proton bunches circulating,

up to with 1.7 -10" protons/bunch,
time spacing 50 ns.

Total Integrated Luminosity 2011 (Mar 14 09:00 UTC - Jun 07 05:38 UTC)
0

—_ Delivered 753.77 Ipb‘l I I

700 1 _ Recorded 689.07 pb™' | """""""" """"""" .

i """""""" """""""" """""""" """""" | 47 pb* delivered to CMS by the end of

300 e A A T 1 the 2010 pp run;

el I . A N . 1 In 2011, ~750 pb™* up to beginning of June;
W00 T A — T 1 Overall CMS data taking efficiency > 90%;
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The CMS Collaboration

3170 Physicist and engeneers, 169 institutes from 39 countries

SILICON TRACKER
CMS Detector ™.
~im?  ~66M channels

Microstrips (80-180um)
~200m? ~9.6M channels

~76k scintillating PoWO, crystals

\
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2\ \i'i == ’ﬁ

Silicon strips
~16m? ~137k channels

,l‘,.'.‘ Lj 1} \ ? ‘ 44
. -] i » v |
~13000 tonnes . l
/‘/ 4 =

Niobium-titanium coil

carrying ~18000 A FORWARD

CALORIMETER
Steel + quartz fibres

HADRON CALORIMETER (HCAL) ~2k channels

Brass + plastic scintillator
~7k channels

Total weight : 14000 tonnes
Overall diameter :15.0 m
Overall length :28.7m
Magnetic field :38T

MUON CHAMBERS
Barrel: 250 Drift Tube & 480 Resistive Plate Chambers

Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

* Highly redundant muon
system, triggering and
recording muons with
p;>1-3GeV and |n| <2.4

 Tracking efficiency > 99%
for central muons

4 T solenoid + return yoke

Si pixels, strips
alp;= 1.5x10%p; + 0.005

PbWO4 crystals
o/E = 3%/E + 0.003

Brass+5{:intillalt}r (7 A + catcher)
o/E = 100%/ME + 0.05 GeV

alp; = 1% @ 50GeV to 10% @ 1TeV
(DT/CSC+Tracker)

LT+HLT (L2 + L3)

All silicon inner tracker allowing good resolution on p_ and impact parameter measurements

B-physics mainly relaying on:
« Muon detectors, for muon ID in semi-leptonic decays;

« Silicon Tracker detector, for b-tagging, lifetime measurements and inv. mass reconstruction. 3



& b-handrons and b-jets: what's the deal

@ |arge beauty production cross section @ LHC at 7 TeV,
new kinematical region accessible

@ Cross section computed at NLO, essential at the LHC energy;
in the past, tension between experimental and theoretical results

o (nb)
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e Typical multi-scale process (Vs, m,, factorization, renormalization) |
1 e O EA" > s/)
large theoretical uncertainties o Lo 009

4107

£ Oygge(Myy =500 GeV) /.
| L

e B-hadron p, spectra depending on the non-perturbative part o b
(parametriz of fragm. function) Vs (TeV)

@ |Large scale dependence symptom of possibly large relevance of high order term

@ low-p;: small-x effects (x = m, / Vs); 02 g\Qet——b

@ high-p,: large log terms due to multiple gluon radiation. e e
b-jets SRS
e Enclosing most of the radiation emitted by the b-quark 0s® g b
e High performance of tracking capabilities required, Aol el b
fully exploiting the detector potentialities g
e p-jets essential in many searches of New Physics o g
e Measurements complementary to b-hadrons. Gluon Splitting b
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Jets and b-tagging

Good tracker performance and alignment
- high b-tagging efficiency;
Data well reproduced by MC

* The following results obtained using
jets reconstructed with anti-kT
algorithm with DR=0.5 with particle-flow
technigues or 'track jets’,

 Typical values: X
[Ijet resolution 10-15%;
[Iscale uncertainty < 3%;

Different algorithms:

* Track counting

(based on Impact Parameter significance)
* Secondary Vertex tagging

(decay length significance)

* Combined
10 CMS pre“mlnary! 2'9 pb_1 \‘I'E = ? Tev = TTT T[T T 7T 7 |C\;|M§ .P\rﬁllmu‘].lnary\ |2Q|1\(|) |||||||||
— [ T T T T T T1TTT | T T T T T TTT | ] l
X F &= Total uncert. 1 2 1
- % —Total MPF 3 8 f -
T gE particle flow jets +Eht0t0n ;.;c;a_ale 4 m@ o -
© - . - Extrapolation 3 5107
T 7p Ak 0.5807  _ offset(+iPu) § S f
_ = 1]
o - - Residuals 1 B ©
c 6__ - — 10-27 —
= - = .a 3 . *SSVHE B
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Highly non-trivial measurements
Sizeable uncertainties from both
theory and experiment

MEMO: standard jet definitions for flavoured
jets are infrared-unsafe: soft gluons splitting
into a qq pair can change the flavour of the jet

Main ingredients of
the measurements:

e Number of tagged jets Ntaggecl

e b-tagging efficiency f.: fit from MC,

data/MC scale with muon p."

e b-tag purity € : fit from MC, data/MC

scale from SV mass templates

P, Bellan_

@ Theoretical Uncertainties
(~ in order of importance):

@ Experimental Uncertainties
(~ in order of importance):

‘i-i- PDF Uncertainty | + Jet Energy Scale (JES)
+ pQCD (Scale) Uncertaintjf + Noise Treatment

+ Non-perturbative Corrections + Pile-Up Treatment
+ Luminosity

+ PDF Parameterization

+ Knowledge of ay(M,) + Jet Energy Resolution (JER)
+ Trigger Efficiencies

s eee

Resolution in Rapidit
Jet Algorithms used by CMS esolution in Rapidity

* lterative Cone
e SISCone + Non-Collision Background

. (anti-)k, + oo

Resolution in Azimuth

Master formula:
dQUb—jets (PT: y) _ Ntagged (PT, y) JbCsmear

dprdy s ApT AYLejet
Other corrections:
> Unfolding correction C to move the

smear

measured p, back to particle level using the
ansatz method (need jet energy resolutions)

> b-jet JEC: same as inclusive jets
(Pythia predicts residual difference below ~1%) 6
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<103 CMS Preliminary

— b events

Inclusive beauty

----udsg evenis ||

events/bin

PYTHIA D6T
N\s=7 TeV
LMC=0.1 pb™ ]

production

JHEP 1103 (2011) 090

Semi-leptonic decays used to separate
b-jets from udscg Jets: distance from jet |
axis of muon from b decays on average -

larger than for light quarks pre! [GeV]
3

« Triggering on muon p; > 3 GeV, ~ }(1 Q. BRI I
(p;> 6 GeV, |n|< 2.1 offline) s 14 T * CMS data E
od B Fit 7]

. “Track jets”: tracks with 0.3 < p, < 500 GeV o 12 | & |- o -
clustered with anti-k;. (R = 0.5); ETiet > 1 GeV % 10E = B
g o \s=7 TeV .

® - b

. pT"" spectrum fitted with distribution obtained L=85 nb"

8 -
from simulation (signal, c) and data (other backgr.); E ]
binned log-likelihood technique 6H. i -
* Signal validated in a b-enriched sample 43_ = b fraction B
e ¢ and udsg templates combined in the fit L - om fit~46%
« Background dominated by hadrons misidentified as 2 i ) -
muons (mainly decay-in-flight), weighted by the o : N
misidentification rate from data; 0 1 2 3 4 5 6
other sources neglected (< 3% from W @ high p.) muon p’® [GeV]
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JHEP 1103 (2011) 090

Measured visible cross section: p_(4)> 6 GeV, [n(y)| < 2.1;
a(pp =b X—= PX) =(1.32 + 0.01(stat.) = 0.30(syst.) + 0.15 (lumai.)) |Jb
o =(0.95_, " (scale) £ 0.09(m,) + 0.05(pdr) ) pb; o =1.9 pb

MC@NLO PYTHIA

Results including efficiency of trigger (88+5)%, muon rec. (94+£3)% and U -jet association (77x8)%

= L N L = 120071
r_% L | " WenLo (CTEQ6M, m =4.75GeV) | Z, o [ —— ﬁ"g% data o ceM. m a5 Govt| ]
5 103 | —----. MC@NLO total uncertainty — o 1000'_ ( P V) N
- gL_ﬁ_ PYTHIA (MSEL 1, CTEQ6L1) ] >:<|- | MC@NLO total uncertainty i

— = | . .y [ | —~— PYTHIA (MSEL 1, CTEQ6L1) i
S.-<I- - — _:- T:;TE :T:_‘: muon | | < 2.1 } T BOO:_ \s=7 Te‘i muon p_>6 Ge\f_:
o 1 1025— —1_. _E >-<I- i L=85 nb ]

T = 1 9 gool -

> - = 1 - ]
10F u = a | _

7 : oo | & 40— L e

% : e e e = = : ) :gnzu'_-_' '_-_in'—‘l’;:

oo~ .| ey L e
-E-U 1:_ e e e e e e e == = = — » i
015 20 25 30 O

-2 -1 0 1 2

muon p_ [GeV]
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Shapes reasonably well described by NLO QCD;
Shape confirmed by the findings from b production using fully reconstructed B mesons
Uncertainty dominated by signal and background pTre' shapes

8 Trigger efficiency 509, Background composition 3-6 %

k= Muon reconstruction efficiency 3 % Production mechanism  2-5 %

= Hadron tracking efficiency 2%  Fragmentation 1-4 %

& b p," shape <21 % DegayI | 3 %

n rel 140, Underlying event 10 %

5 Background p,“'shape 2-14 % Luminosity 11 %
E 4 [ T T T I T T T T I T T T T T I T T T T i 9 4 -I ) L] T 1 I T ] T L] I T L] I ) I T L] L] ) I-
z C | [ | cms data ] =z " | [ = | cmsdata ’
@ 3.5 | —*— PYTHIA (MSEL 1, CTEQS6L1) = g 3 5 | ——— pyTHIA (msEL 1, cTEGSLY) -
—Z [ | =rériren FONLL(CTEQGS, m =4.75 GeV) . = [ | +ésisinss FONLL (CTEQ6S, m =4.75GeV) -
= [ | = = = = CASCADE (CCFM set AD) ] e _
8 g 3 : : _Bl_g 3 CASCADE (CCFM set A0) E
S—_— N Ws=7 TeV muon|n|<21 — C \s=7 TeV muon p >8 N
N 2.5 L=85 nb” . 'ST'E 25 L-85 b’ _
= B = ] Lol & = n .
3| - ; - -
2F E | -
1 .5 :_ - 1 '5 :_ _ '_'_|_!_:—-—I—1 _:
= — —
s = =

0.55
5
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CMS-PAS-BPH-10-009

b-tagging efficiency

0.2f

01: o

——0.5<|y|<1.0
- 1.0<|y|<1.5
- 1.5<|y| <2.0
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100
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Displaced vertices with > 3 tracks selected to identify
b events; b-jets tagged using a high-purity SV tagger.

Discriminator: monotonic function of the 3D decay length;
requirement on its significance corresponding to:

| tagging effic. = 60% @ p,/* = 100 GeV, ~0.1% contamination

Inclusive jet sample (anti-k; R =0.5 with ParticleFlow) collected
with minimum bias and single jet triggers combined,;

b-tagged sample purity

CMS preliminary, 60 nb" \'s =7 TeV
B I T L ) ) T T 1 | T i
[ —Data ly| <2.0 ]
— I MC .

- — l
s l
- I
: l

_ Purity of the b-tag from a fit to_;

- the the SV invariant mass
: Data / MC = 0.976 + 0.022-
- X2/ NDF = 1.2/3 ]
20 30 40 50 100 200

P, (GeV)
Hadron 2011

b-tagging efficiency
and mistag rates
from c-jet and light
jet taken from the
MC and constrained
by a data/MC scale
factor from data
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Jet energies correction:
for the rapidity dependence - from DATA

for absolute scale and p, dependence - from MC

Uncertainty of JEC estimated

using y+jet or with dijet p, balance
technique (barrel/endcaps)

Fit to the SV mass distribution: shapes from MC, relative normalisations for ¢ and b jets
let free, (small) contribution from light fixed to the MC expectation (“template fit”)

Results cross-check with alternative method MC based;
Purity using b-tagging efficiency and

Example of fit to SV mass

CMS preliminary, 60 nb’ \'s =7 TeV
> 160 _|| LI | LI | LILBLEL I LI | LI I LILBLIEL I LI | LI I LILILIL | LI |_
@ - |ly| < 2.0 —e— Data ]
O 140F l I b template —
o - | I c template .
o 1201 B light template
= n _
w 100:_ 37SPT<56GEV _:
QD - %2/ NDF =18.9/17 .
© 80r 7]
8 60 .
E - .
= 40:— —:

20| -

DCJ

05 1 15 2 25 3 35 4 45 b

b-tagged sample purity
© o o o o o
S N ©

o
©

 Bellan. Secondary vertex mass (GeV) Hadvon 2011

mistag rates from MC

—
T T

CMS simulation

\s=7TeV

o

55
3 |yl <0.5
- —~—0.5<]y|<1.0

- 1.0<|y|<1.5 #

= 1.5<|y|<2.0 ]
_I | | 1 1 1 | | | I_
20 30 40 50 100 200

P, (GeV)
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CMS preliminary, 60 nb’ \'s =7 TeV

= | mcenLo . lyl<05
@ O - Pythia o 05<|yl<1 |
: . = 4] [JExp.uncertainty . 1<|y|<1.5
Reasonable agreement with Pythia and MC@NLO o & oneredonansa) » 1521yj<2 |
Significant difference in shape though. = of ]
| —_— ’ —. ....... B o e ; '..'..'..!T.'..‘..'i-..-:ai..g,,,,_‘_ ....... !;.;....;L_.;.;.; .;.;.;;;_;_I_
10° CMS preliminary, 60 nb’ \s=7TeV % ol t 4
— ‘I T T T T T 1] T T T L IS N i
> o B + |yl <0.5(x125) R e = S S
O Rl 5 NN o 0.5<|y| <1 (x25) 3 2F— _
8 106 O g | i LETT P
ol N _. - 1 < |y| < 1 _5 (XS) EE e Ty 'F:!:'-"'“"""““"'I_l"""--;--n
— 105 q"'._"\,_‘h.h“ 1 5 < ] 2 B -
>, By R Y, ¢ 1.5<|y|<2 E o
-U 4 [ h: ‘;:_H‘_-‘ . ~.“.-..‘H 3 1 _G ...... g T . u...‘..ﬁ.—..—.rﬂ.-..-..-ﬂ.. - Q‘“l:r'--u-- o |
N N A ! L, | e Py -
%HO W W N N _! 920 30 4050 100 200
& 10°F ooy Ry E b-jet p_(GeV)
Y 102L NN B . o _ |
- 10 E LR N E CMS preliminary, 60 nb’ \'s =7 TeV
2 10k RN = ko) Of#mc@""b o Iplmltilan 0.5 PF
1 E N Sl N, e 2 R | hi - =v. —
Q - N RN g I II:E’it.lznn::s.e ain 1
1F — MC@NLO (RN 1 5 [ Rered o aneatd) -
. . b E E B cenierea on ansatz i
10 [l exp. uncertainty T E_ o 0.05 ly| < 0.5 ot ;+,§,z .i-.--;{., %‘
,F Anti-k; R=0.5 PF - e ==k
10 | 1 1 1 Lo | 1 1 | L | (}_J‘ 0 DD-5£IY|<1 _J
20 30 40 100 200 O i -

18<p<300Gev b-jetp_(GeV) 005, -

Leading systematic uncertainties @ p, > 30 GeV: 0,050

* b JES relative to inclusive jets (4—-5%),
 data-based constraints on b-tagging efficiency (20%)
» mistag rate for charm (3—4%) and for light jets ( 1-10%).




Conclusions and outlook

@ Successful B physics results with 2010 data, very significant
results obtained with early data;

e CMS able to perform inclusive measurements of b-hadron
production with high precision;

e Heavy flavour production measurements performed with
different techniques;

e \Wealth of new data going to be used to refine
theoretical models and improve MC simulation.

Thanks for your attention!
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Topic arXiv Article Luminosity (nb)
Inclusive b-hadron production 1101.3512 JHEP 1103 (2011) 090 85
Inclusive b-jet with SV (ICHEP2010) CMS-PAS-BPH-10-009 60
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_ 2 ol CMS Preliminary 2010
=
& :H HCAL u [ B Simulation, PF
: : M I 1200 *  TTeV daka, 7.5 b, PF
noutral | s, Clusters E C = Simulation, calo
: E 1000- 0 TTeW data, 7.5 nb” cala
a
E o0
3 b
r A RN ETA
Minimum-bias evenis
a0 f ; :
00
]

*In CMS, charged particles get well separated due to the huge tracker volume
and the high magnetic field (3.8 T)

 CMS has an excellent tracking resolution, able to go to down to very low
momenta (~few hundred MeV)

* CMS has also an excellent electromagnetic calorimeter with good granularity
 In multijet events, only 10% of energy corresponds to neutral (stable) hadrons

Big improvement in energy resolution and tau

identification using particle-flow techniques
P. Bellan_ Hadron 2011 16



L= N1N2fnb/p1(x.y]pg(x.y)dxdy

Interaction
region

N-| Ngfﬂb Bunch 1 Bunch 2

L= T T < :
"H__ -"-\.:_-} _:'I -
eff N
Aeﬁ s 2”ng};

- Intensities N, , measured by LHC beam current transformers

- Shape and size of the interaction region, A_, measured via Van der Meer

scans: relative variations or rate as a function of the transverse separation
between beams

e Rates measured in CMS using fraction of zero counts of HF and vertexing

Systematic Error (%) Uncertainty: 4%
Effective Area Determination 2.7 Luminosity correction wrt
Beam Intensity 2.9 initial estimates: -0.7%
Sample Dependence 0.7
Total 4.0
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Some technical details

The MC event generator PYTHIA 6.422 used
to compute efficiencies and kinematic distributions.
CTEQ6L1 PDF, m_ = 4.8 GeV, and Peterson fragm. funct. for ¢ and quarks

(e.=0.05, ¢, =0.005)
Underlying event simulated with the 'D6T tune' setting.

Pileup events not included (negligible impact)
Cross check sample with Evtgen for the b hadrons decay.

The MC@NLO package (NLO ME interfaced to herwig parton
Shower): m_=4.75 GeV ; CTEQ6M.

The CASCADE generator o-shell LO ME, KT factorization with CCFM low-x
evolution.
The unintegrated CCFM parton distribution set AO and m_ = 4.75 GeV

Events generated with mc@nlo and CASCADE not passed through the detailed
detector simulation (studied only at the generator level)

Simulated events were reweighted to reproduce
the branching ratio B(b -u v, X) = 10.95%

Results compared with the analytical FONLL calculation
(CTEQ6.6 PDF set, m_ = 4.75 GeV, Kartvelishvili fragm. function with a = 24.2)

P Bellan. Hadron 2011
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