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Perturbative and non-relativistic QCD do not succesfully

CRIMEA 2011

reproduce measured production cross sections and polarization

Discovery of new resonances opened up a new chapter in

studies of QCD and spectroscopy as their J°° sometimes do not
fit in the SM

Rare decays are sensitive to new physics and can therefore
provide constraints on the models under evaluation

Some of the presented measurements share technique and data
sample: aim is to give the taste of the quality of the ongoing
effort focussing on common points and strengths of CMS
shared by the different analyses
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Quarkonia Production at the LHC

b-Production at the LHC
Rare Decays and CP Violation with CMS

Concluding Remarks
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Housed at the CERN Large Hadron Collider, CMS is a general-purpose experiment
it is designed to collect data from proton- designed around a large solenoid
proton collisions at a center-of-mass energy capable of a 4 T field (curr. 3.8 T)
up to 14 TeV, at luminosities of 1034 cm—2s™"
(currently: /s = 7 TeV, lumi: 2-3x1033 cm2s-7)

( )
high-precision tracking: transverse :
momentum and vertex position 7 N
measurement with silicon pixels and strips y y \
e > 4 =
excellent electron and photon energy © |
measurement in PbWO, crystals, » 1
identification and energy measurement of \ / , L
hadrons with brass absorber, missing E; \ \ 7
. 4 \"\ “
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Quarkonia Production
at the LHC
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36.7/pb of pp collision Fit to dimuon invariant mass shape:

data at /s = 7 TeV (2010)
dimuon final state

double muon trigger,
opposite charge,
common vertex, invariant
mass in (2.5, 4.7) GeV/c?

Resonance: Gaussians + CrystalBall (Gaussian
resolution + power law lower tail to handle FSR)

Background: Exponentials

CMS - \'s =7 TeV
L =36.7 pb™

P(2S) oaw
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Events / ( 0.02 GeV/c?)
oco

dZO’ % BR _ ¢ B 4N . background
dp,dn e
signal +LVI<1.2, prin (8.0, 9.0) GeV/c ]
Acc x Eff x Lumi x Ap_An E
Prompt and non-prompt = ’ > bt variant mass (Gevic?)
components (decays of PDF used in fit includes PDFgg(L /) =

2D fit: dimuon invariant mass and

most probable distance L, in Background parameters from fit in mass

trasverse plane between primary  gjqehand regions (shaded in picture)
vertex and dimuon vertex
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Events / (0.06 mm)

10E

CMS Pre&iminary !
Vs=7TeV-L=36.7 pb’
—— data
— total fit (2 S)
-.-. prompt ‘-I)
--== non-prompt
........ background ]

12<pT< 15 GeV/c
1.6<lyl<2.4

CRIMEA 2011

prompt

Fraction systematics:

Tracker misalignment, b-lifetime model,
primary vertex estimation, background
fit in mass sidebands regions, resolution
model, different efficiencies for prompt
and non-prompt

Polarization assumed to be 0: no relevant
hints from previous measurements

—— T T T T T T T T T T T — 3 T T LS i I T T T T T T —E
L 3| = I Ve=7TeV L=36.7 pb" | Q1O E = l Ve=7TeV L=36.7 pb™ 3
% 10° = @*@‘ —o— 0.00<Iyl <0.90 (x625) | % - 4}@‘ —6— 0.00<1yl <0.90 (x625) |
0] Eo e —5— 090<lyl<120(x125) 0] B el | —5— 090 <Iyl <120 (x125) |
= C o —0— 120 <lyl <180 625) | b4 102 = e —o— 1.20<1y1<1.80 0625
o ’Q'.Q‘ i o2 —&— 1.60 <Iyl <2.10 (<5) Lo E™ e - o —5— 1.60<lyl<210065)
5 1 02 g_ .QQQ = - —4— 210 <1yl < 2.40 (x1) _E 5 C @@Q‘Q SRS '_Q_' —— 2101yl <240 (xD) ]
'C>S:_ N 3 "I’% B, = L Lt ] %._ " :_ Q@ S \ FONLL _:
o L B 2 o g 3
© 10: 1 i a— © E 3
U Rm =/ P = |
e - BB R ! 2 1 4 Q
g : = 18 F : E
> R N VAN I P, 10
B, i1l .. 1 210'F =t
2107 " o € 5
o = g N % e o B
&5 \  CMS Preliminary 6 \J X 10_2 B I
10 £ Lumi. and polariz. N = 1 £ Lumi. and polariz. N =l -
F uncertainties not shown S B m - uncertainties not shown & o
C 1 | 1 N 1 3, L] E oo | I 1 I 1 =
5678910 20 30 4050 5678910 20 30 4050 c
p, (GeV/c) p, (GeVic)
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40/pb of pp collision data
at \Js =7 TeV (2010)
dimuon+m*rt- final state
trigger and muon selection as
described for J/Y, pair of tracks

(pion candidates) of opposite
charge, 4-tracks common vertex

Strong suppression of
combinatoric background:

Pion pair with p-> 1.5 GeV/c
(0.4 GeV/c each), close to J/Y in
opening angle AR < 0.7

Ratio of production cross section x
BR( to J/yrtit), X(3872)/y(295):

= 0.087 = 0.017 (stat) + 0.009 (syst)

CRIMEA 2011

5000
4500

S

000
3500

3000

Candidates / 5 MeV/c?

2500
2000
1500
1000

500

Signal extraction:

Unbinned likelihood fit to
dimuon+Tirt mass spectrum
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REF: PAS CMS BPH-10-018
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Inclusive Y Production

3.1/pb of pp collision Fit to dimuon invariant mass shape:
data at Js = 7 TeV (2010) Each resonance: CrystalBall

dimuon final state Background: 2nd order Polynomial
same approach as for J/P,

dimuon invariant mass in Total and differential cross-section:
(8.0, 14.0) GeV/c? Fit either inclusive, or in 15 different p, ranges
(not shown)
gﬁﬁﬁgj nlClMsl\/Ellel'eVi Cross-section x BR(dimuons):
S 1800~ Ll;ﬁggj—; Y(1S): 7.37 + 0.13 (stat) 067 ,, (syst) = 0.81 (lumi) nb
S o 1 Y(2S): 1.90 = 0.09 (stat) +020 ., (syst) + 0.24 (lumi) nb
ézgg; 1 Y(38): 1.02  0.07 (stat) *0-1"_ o5 (Syst) + 0.11 (lumi) nb

800/

o g —— CMS data ] g —— CMs data 3
600¥ 8 — PYTHAmormalized | (5 | — PYTHIA (normalized)
400F iy Shapes 210‘ y'1<2 EW‘E— y1<2 3
2005 - agree w/ 3 3

:I 111 | I | 1111 | 1111 | I | I | I | 111 |: m10—2 E ?610,25 _é

08 85 9 95 19_ 10.5 11 G1 '{]5 212 P | I HIA g g b 3
~ mass (GeV/c o - .
a (GeV/c’) predictions Sl 310.3
o FVs=7Tev,L= 3pb < E
AP P PPN P P ]

REF: Phys Rev D, 83 (2011) 112004 RN v v B 2°pv(é%v}c'>
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Quarkonia Production

* Measurement of J/y and @(2S) differential cross-
section (p; and n), determination of prompt and non-
prompt cross-sections, with reasonable agreement
with NRQCD predictions (exception: non-prompt at

high p;)
 Clear signal of X(3872) is observed, determination of
the ratio between cross sections x BR to putr (g(2S))

* Measurement of Y(nS) integral and differential cross-
section (p;, in two n regions)

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 10



Quarkonia Production

A larger amount of data will allow the measurement of
polarization to better understand and constrain models
of quarkonium production

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 11
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b-Production at the LHC
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Event selection:

5.84/pb of pp collision data

at /s = 7 TeV (2010) J/P 2> PU: opposite charge, mass in
dimuon+track final state (2.95, 3.25) GeV/c?, one additional track with
first measurement of quality cuts(K candidate) > 35k B candidates
B* - J/QYK=* at LHC, double
muon trigger for J/P Backgrounds:

J/P (prompt, non-prompt), misreconstructed B - J/P K*(892)

10 _I T 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 T 1
o CMS \/[s =7 TeV
A L=5.8 pb”

— BF (3.5%) and Lumi (11%) uncertainties not shown

— Signal extraction:

Max likelihood fit to mg (Gauss+Exp, 30
MeV/c? res.) in (4.95, 5.55) GeV/c? and
proper decay length nyxmB/pTB (Exp
conv. resolution function; 30 pm res.),
912 + 47 signal events

do/dp_ (pp — B*X; |y| < 2.4) [ub/GeV]

10 E_ PYTHIA (MSEL 1, D6T, CTEQ6L1) _; Proper decay Iength as

- E MC@NLO (CTEQSM, m_=4.75 GeV) 5_________* _______ 2 ConSiStency check:

e MC@NLO total uncertainty 7 measured: 481 + 22 pm (stat)

102 p 7 oMb world-average value: 491 + 9 pm
5 10 15 20 25 30

B' p, [GeV] REF: Phys Rev Lett, 106 (2011) 112001
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39.6/pb of pp collision data Event selection:

at Js =7 TeV (2010) J/W > pp: opposite charge, invariant mass in
dimuon+rm*ni- final state (2.95, 3.25) GeV/c?, two additional opposite
complementary to previous charge tracks, Kq mass in (478, 518) MeV/c?:
analysis, sharing selection - 23k B candidates

criteria and backgrounds ) ] L ,
Signal extraction: Max likelihood fit to mg; and

L L e B L WL

F DA S IS AL
= :z g O o proper decay length: 809 + 39 signal events
[0
(O] C ]
& s00f - 10 E —e— CMS data (a)
R N o e i r |yBl<2.2 S —+ - Pythia 6 (MSEL = 1, CTEQ6L1, Z2)
$ O, 1 p/£>5.0GeV/c & - MC@NLO (CTEQ6M, m, = 4.75 GeV)
g r P eaking ] 2 i — —- MC@NLO i
5 + peaking B ] = total uncertainty
S 20~ 0 + non-peaking B ~ 1
[&] r (a) —— +signal ‘3 E
o L | 1 1 PRI A 1 PRI A 1 m— [
49 5 51 652 53 54 55 56 57 > ~
mg (GeV) g<" : [
m E
A YN £ T T o L — = —
- L=40 pb-l Q. =
§ 10 - e =
= —=— CMS data g -
8 -~~~ Prompt JI¥ ] § - CMS \s=7TeV 3 ]
2 - L=40pb" [ ]
g oy 102 o e T ey e e
3 | T 5 10 15 20 25 30 35 40
S | A B° p, [GeV]
T
1(!6.()5 0 005 01 015 02 025 0.3 0. 04 REF: Phys Rev Lett, 106 (201 1) 252001
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39.6/pb of pp collision data
at \Js =7 TeV (2010)
dimuon+K*K- final state
complementary to previous
analysis, sharing selection

NQZZOE— a 3 —e— Data b
Ezoo :— (a) ’\% E CMS \[g = 7_;rev -------- PYTHIA (MSEL 1, CTEQ6L1, Z2 tu(ninZ)
o F 3 o L =40 pb
5180 & 251 MC@NLO (CTEGEM, m = 4.75 GeV/c?)
g1 60 :_ CMS \lg = 7 -1rev % : ------------------------- —— —— MC@NLO total uncertainty
240 L =40 pb’ o 2= T '
g F ct>0.01cm O 7
G120 = . e
100 g /= — 1 I
= B 35 , ,
80 Iy |<2'4 Tw 1: .—;— e _|
. Q. -————_
40 : < 05 ——
20~ T Frmmimimia [ SR ARE S SRS S 204 E - BF (30%) and Lumi (4%) uncertainties not shown
i Leneenns st L 3=f e geboetenmn R I P I R B I I BN B I T B B
] 0 02 04 06 08 1 12 14 16 18 2 22 24

Al ul mhujmyup 'T 11 1 1 1 1 -|.1'L-|.ilh ! L b IJ dale 1 el ol
2.2 5.25 5.3 5.35 54 5.45 5.5 5.55 5.6 5.65
J/p¢ invariant mass (GeV/c?)

Event selection:

J/P 2> PU: opposite charge, mass in
(2.95, 3.25) GeV/c?, two additional opposite charge
tracks, ¢ mass in (1009, 1029) MeV/c?:

- 6200 B candidates

criteria and backgrounds Signal extraction: Max likelihood fit to mg and proper
decay length: 549 + 32 signal events

iy(B)i

REF: Phys Rev D (sub) hep-ex/1106.4048
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1  Exclusive B Production  §

» Measurement of charged and neutral B mesons
cross section, both integral and differential in p;
and n

* The result is in reasonable agreement with the
predictions of MC@NLO in terms of shape and
absolute normalization

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment
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85/nb of pp collision data b-jet:

at s = 7 TeV (2010) all tracks are clustered in jets (anti-k-),
muons+jets final state b-jet requires a clustered muon; energy
inclusive production of b-hadrons, and direction w/o muon!
single muon trigger, one central muon Relative p:
pr>6 GeV/c
3
% 14?10 """"" LA LR LA rel_lpuxpjetl
- " « CMS data B T
((\DI B — Fit ] | pjet |
o 12__ ------ b - 7]
g A c + light i Signal extraction:
S Dt b-fraction from binned-likelihood fit to relative p,
8l | templates from MC (b, ¢) and data (background),
61 starting from ~158k candidate events
4 | templates for ¢ and light flavour backgrounds are
2 too similar to each other: backgrounds merged
05: B 3 4 6_ fit stability: d ' t d re-binni
muon p! [GeV] it stability: pseudoexperiments and re-binning
CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment
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b-fraction:
overall fraction in

Cross section:
measured for muons in acceptance region

acceptance after fit: 46% p;>6 GeV/c and |n| < 2.1:
Systematic uncertainties: 1.32 + 0.01 (stat) = 0.30 (syst) = 0.15 (lumi) pb
MC@NLO:

dominated by shape of
relative p templates: signal
template is validated with a

H '_'1200|""I""I""I"" [y AL L L AL L L B L
b-enriched sample (muons g s E ST T ——
with |arge impaCt parameter, < 1000:— ------ MC@NLO total unce’rtali’;t; —: S 108k MC@NLO total uncertainty -

. 0 t [ | ——— PYTHIA (MSEL 1, CTEQ6L1) = o] ———— PYTHIA (MSEL 1, CTEQ6L1) E
b-fraCtlon up to 85 A)) /|\ 800+ \s=7TeV muon pT>GGeV__ Q \'s=7 TeV muoninl<2.1 :

< i L=85 nb" 1 % 0 - L=85 nb"
+ i o E

Other non-trivial Yy 8oop 1

systematics: D% 400:__ﬁ_‘_ﬁ4ﬁ¢.¢ #Lﬁ_l_ﬁ__ % i 1
data-driven LF-gluon . a g ]
template (2-14% difference O g R
. © = JPup i =
wrt PYTHIA, according to Ol T R
different kinematic regions), muon muon p. [GeV]

MC generation and
fragmentation models REF: JHEP (sub) hep-ex/1101.3512

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 18



3/pb of pp collision data
at \Js =7 TeV (2010)
jets+muon+sec.vix final state
inclusive production of b-hadrons,
muon inside jet + secondary
vertex: HF longer lifetime - higher
impact parameter significance;

muon trigger

o 7000
Event selection: ~114k events selected %6000'
jets (anti-k;), pr > 30 GeV/c, |y|<2.4 B 50001

b-jet: b-tag + muon (p; > 9.0 GeV/c) within AR<0.3
b-fraction: fit to relative p; templates (meas. 86%)

Major systematics on cross section: b relative p; po00 -

fragmentati

Tagging of a b-quark inside a jet:
~independent of the details of the

on: rate of jets is a direct

measurement of the b-quark production rate

Secondary Vertex b-tagging:

template, b-tagging efficiency, jet energy scale,

each ~10-15%

measured: 108 + 1 (stat) + 17 (syst) = 4 (lumi) nb
MC@NLO: 113+40_,; (scale) = 3 (m,) = 5 (pdf) nb

CRIMEA 2011

N. Pozzobon - HF Physics with the CMS Experiment

o 05 1 15 2 25 3

at least 3 tracks with Pixel hits to get clean
signal, (more details ln next study descr/bed)

[T T I L I LU
C et CMS prellmlnary :
L=3.0pb" ]
Ns=7TeV ]
« Data
— Fit ]
- b 7
. - C -

Muon preI (GeV)

REF: PAS CMS BPH-10-008
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60/nb of pp collision data Secondary Vertex b-tagging

at Js =7 TeV (2010) (3-tracks+Pixel) efficiency:
jets+sec.vix final state with muon jets, or directly from MC (pict. below)
inclusive production of b- ~60% on b-jets at p; = 100 GeV/c; ~1% mistag
hadrons, first search using only (hadron lifetime larger at higher p; = higher eff.)
secondary vertex; min-bias and o f
Sin Ie -e_t trl er - 0_7CII\IIS S|m|ulat||on | - \fs=7Te|V
gle ) g9 o f ]
S gab i -
8 06 , :
: : . © 50 '
Secondary Vertex b-tagging purity (1): o 0-5; :
fit to vertex invariant mass templates from MC D 04 E
160CMS preliminary, 60 nb" \'s =7 TeV 1CMS preliminary, 60 nb" \'s =7 TeV _,‘E B ]
> [T T T I T T T S - ' T T ] 1 r .
0] Flyl<2.0 —e— Data 1 = [ — Data lyl <2.0 o 0.3 7
E?) 140 | | -btemplla:e 1 2 0.9F mMC = - .
r . c template F L i
g 120F Elight tzmplate — % 0.8:— 3 0.2 f ——0.5=<lyl<1.0 -~
% 100k Fep <SGy | 5 ¢ ==t /) e 1.0slyl<15 ]
o % w2/NDF =189/17 § . 0.7[ —t— 0.1 .
‘5 80F . % - 7o —B—15S|y|<20 .
- N o 0.6 . . . . L] L
£ oo LR ; 920 30 40 50 100 200
2 40 E l: z p_ (GeV)
ook E 0.4 Data / MC = 0.976 = 0.022] T
- | - x2/NDF=1.2/3 ]
%05 115 225 3 35 4 45 5  °320 30 2050 100 200
Secondary vertex mass (GeV) p, (GeV)
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Secondary Vertex b-tagging purity (2):

REF: PAS CMS BPH-10-009

MC-only, from flavour fractions and tagging efficiencies:

1CMS simulation \s=7 TeVv
> 1& T I i ] i .
= ] Differential Cross Section:
g 0.9 E 10° CMS preliminary, 60 nb’ \s=7 Tev
— : : —— \I I I I I I T I I E
e 0.8 y . ) - % 1 LB IyI<05(><125) 3
S : 7 E ¢ 1075 o 0.5=lyl <1 (x25) ]
0 7§ T [ B 106 s
3 i [ ] " oY = 1<lyl < 1.5 (x5) EE
S 0.60 | : 2 10°E 15<lyl<2 -
8 —— 1yl <0.5 . - =
A - ] o 10 F E
0.5F = 05<lyl<1.0 ] L -
. . 1.0<lyl<15 ] B 10°F E
0.4__ % C\'IO 102 L l
- = 15=1yl <2.0 ] S 10°g E
5 ] ) i ]
0.3% L : +— 10¢ N\ T
20 30 40 50 100 200 O = N
p. (GeV) 1e — MC@NLO |
10-1; [ exp. uncertainty E
. fraction efficiency_ ,E Anti-k; R=0.5 PF :
purlty == 10 E 1 1 1 1 1 1 | 1 1 ‘ 1 1 E
fe +fe +f.e 20 30 40 100 200
LFLF :
b-jet P, (GeV)
CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment
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27.9/pb of pp collision data

at \Js =7 TeV (2010)

dimuon final state

Z,Y, P’s resonances:
rejected using invariant mass

Technique:

dimuon trigger, pr > 4 GeV/c in fit to transverse muon impact

tracking volume

Symmetric templates:

Tl3xy) = 2(T6:x) Ty + Thy) T6.0)

I,j: muon classes
X,y: muon IP’s

1D projections =2

CRIMEA 2011

=
o
<
o
<
o
~

=z

—
TrTeTT

parameters templates from PYTHIA:
beauty, charm, decay-in-flight; prompt
muon templates from Y in data

T I T T T T | T
CMS Simulation

Ill 1E|lll Illllllllll

CMS Simulation

e
(@]
ﬂ- -
—BB 4 8 10k —BC =
— CC o 3
—DD = - 8D
B PP (CMS Data) S 102k Lm —CD
= 10°E
= 10%E
i | 1 1 1 1 | 1 1 1 1 I 1 1 1 10'5 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
d,, [cm] d,, [cm]
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Likelihood fit results:
BB fraction: 65.10% + 0.30%

Cross section x BR in acceptance:

26.18 + 0.14 (stat) = 2.82 (syst) + 1.05 (lumi) nb

MC@NLO: 19.95 + 0.46 (stat) +498_, ., (syst) nb

N,/0.004 [cm]

10

10°

10?

10

PULL

CMS Preliminary ~ DATA
L, = 28 pb"’

—BB
—cc
—DD

BD
—BC
—cD

PP

f v o ol

CRIMEA 2011

0.04 006 0.08

0.1

012 014 0.6 0.18 0.2
d,, [cm]
N. Pozzobon - HF Physics with the CMS Experiment

Sources of systematic error:

detector IP resolution: 3.4%
relative fractions and lifetime: 3.8%

fit method: 4.7%
selection efficiency: 8.3%

REF: PAS CMS BPH-10-015
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3.1/pb of pp collision data Flight direction comparison:

at |Js = 7 TeV (2010) directions from SV = directions from MC
single jet trigger, E; > 15/30/50 GeV, AR difference in [-0.05, 0.05]
sample divided in 3 ranges: 99% CMS \s=7TeV,L =3.1pb’
efficiency of triggers, jet |n| <3, N AN AR N\ -
B hadrons: |n| < 2, pr > 15 GeV/c, ofEros i< - \
valid primary vertex c e 3 : ?—;H NN
s 10°E T‘=§= . a_a_:zﬁ:»—*—!_.—T_
Secondary vertex ?nd angular correlation: . =\ SR\
two secondary vertices (>3 tracks each) from I _ \
a BB pair, angular correlation from flight 1°3§_ = SR MR\
directions (SV wrt PV), B momentum: sum of L e o o Getd =
SV tracks momenta 102 & Data (b -84 GoV)2 ==\
; o Data (p* >120 GeV) .
Backgrounds: - eviea 1
. . . 10 E—D Normalisation region N
signal events with misreconstructed SV, TN )
LF QCD, cc with D-hadrons, sequential 0 05 1 15 2 25 3 385 4

B->D- ... with both B and D SV
REF: JHEP (sub) hep-ex/1102.3194
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\ Inclusive B Production

« Complementary analysis techniques:
measurement of inclusive b-jet production and
correlated bb production

* The results are in reasonable agreement with
the predictions of MC@NLO in terms of absolute
normalization, there are still discrepancies in p;
and n

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment
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Rare Decays and
CP Violation with CMS

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 26



1.14/fb of pp collision data Searching for: both B> pu and B°>pp

at \Js =7 TeV (2011) Normalization: B*>J/p K*>up K*
dimuon final state
BR(B, —uu)
dimuon trigger, p; > 3 GeV/c in NZB ] Acc(B,) xEff(B, = uu) xf, =
tracking volume, same vertex, s
opposite charge, mass in _BR(B" = Jy[uu]K) Acc(B') x Eff(B* — JyluulK) x f
(4.9, 5.9) GeV/c?, blind in NB* — JyK) )

(5.2, 5.45) GeV/c?
Validation: B°>J/p ¢>pup KK

Optimisation of selection: |
CMS, 114" Ns=7Tev

muon p; > 4.5 (4.0) GeV/c, B pr> 6.5 GeV/c,
Isolation I;5: 75% of p; (tracks) within AR < 1
from B candidate, additional requirements on
flight direction and distance

® Data

+ EETTI

Candidates
[e)]
o
o

400_— -
Backgrounds:

semileptonic B decays (+misidentified hadron), 200:
other rare decays (B,2>KK, B;2>Kpv),
misreconstructed SV...

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment



Barrel Endcap
B> pp B%~>uu B> pp B%~>uu

SM expected 0.065 + 0.011 0.80 £ 0.16 0.025 + 0.004 0.36 + 0.07

combin. bg 0.40 £ 0.23 0.60 £ 0.35 0.53 £ 0.27 0.80 £ 0.40

peak bg. 0.25 + 0.06 0.07 + 0.02 0.16 + 0.04 0.04 + 0.01
Branching fractions upper limits: CMS, 1.14 fb" \s=7TeV CMS, 1.14 fb" \s=7TeV
Bo~>pu: < 1.9 E-8 @ 95% CL gz_""""Bg'rr'e'I"_ gz_""""E’n'd'C;'_
BSup: < 4.6 E-9@95% CL g o P

= - BY signal window = - BY signal window
LHCb results: % -4 B signal window % -4 B signal window
0.037/fb (2010) + E E
0.3/fb (2011) “Tnonon T ocunnn |
BO.>up: < 1.5 E-8 @ 95% CL 11y 1
- Al

Combination CMS+LHCDb: o oo
Boseuu; <1.1E-8 @95% CL 5 52 54 56 58 5 52 54 56 58
REF: CMS PAS BPH-11-019 my, [GeV] m,, [GeV]

CRIMEA 2011

REF: Phys Rev Lett (sub) hep-ex/1107.5834
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Rare Decays and CP Violation

* B> up: observed events are consistent with
SM signal and background expectations, no
evidence for this rare decay yet

* Other searches for rare decays and CPV started
in 2010 but data analysis is still in progress

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 29
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Some other remarkable Heavy Flavour Physics

ongoing analyses at CMS:

* Observation of the B_.~>J/y £,(980) decay and CP
violation in B,>J/p ¢ and B> J/y f,(980)

decays
. Forward/backward asymmetry in B°>K*°up

* Observation of A, and measurement of lifetime

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 30
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* The CMS experiment confirmed to be competitive in HF physics
measurements with pp collisions, finding its strength in the
Silicon Tracker and in the Muon System, which can provide
precise identification and measurements of muons, tracks and
vertices

* The event selection and data analysis techniques proved to he
sound and effective and some of them are successfully shared
among different search channels

« The CMS experiment could perform interesting HF physics
measurements also with heavy ion collisions, which were not
included in this presentation but are widely documented
elsewhere, such as the suppression of excited Y(nS) states
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Backup
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Muon
Electron

= Charged Hadron (e.g. Pion)
-~ — - Neutral Hadron (e.g. Neutron)

=== Photon

Transverse slice
through CMS

CRIMEA 2011

Silicon
Tracker

il

Typical high-quality requirements on muons:

Electromagnetic
Calorimeter

Hadron
Calorimeter

Superconducting
Solenoid

Iron return yoke interspersed
with Muon chambers

asociation Muon System + Silicon Tracker
4-10 tracker hits (>1-2 in Pixels)

reduced track X 2<2-5

constraints on vertex transverse IP wrt pr>3.5-5GeV/cif|n|<1.6

beamline and vertex |z] pr>25GeV/cif1.6|n|<2.4
N. Pozzobon - HF Physics with the CMS Experiment 34
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CRIMEA 2011

reconstruction and identification of all stable particles:
electrons, muons, photons, charged hadrons and neutral

hadrons

thorough combination of all CMS sub-detectors towards an
optimal determination of particle direction, energy and type

muons reconstructed first, track removed from list,
calorimeter energy correction

electrons reconstructed after muons, track and ECAL
deposit removed from list

charged hadrons from HCAL matching to tracks, until no
tracks are left unmatched

photons and neutral hadrons from unmatched ECAL/HCAL
redundant cross checks for further muons/electrons

N. Pozzobon - HF Physics with the CMS Experiment 35
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Anti-k; Jets

hard particles with transverse momenta kr,, kr,, . . . and many soft particles, R typical
angular jet aperture

d,; = min(1/k;2, 1/k;?)AR?,/R? between hard particle 1 and soft particle i is exclusively
determined by the transverse momentum of the hard particle and the 1i separation dj
between similarly separated soft particles will instead be much larger: soft particles
will tend to cluster with hard ones long before they cluster among themselves

if a hard particle has no hard neighbours within a distance 2R, then it will simply
accumulate all the soft particles within a circle of radius R, resulting in a perfectly
conical jet

if another hard particle 2 is present such that R < AR,, < 2R then there will be two hard
jets: it is not possible for both to be perfectly conical, if k;, > k., then jet 1 will be
conical and jet 2 will be partly conical, instead if k;, = ky, neither jet will be conical and
the overlapping part will simply be divided by a straight line equally betweencthe two

what happens with AR, < R : particles 1 and 2 will cluster to form a single jet: if k;, >
kr, then it will be a conical jet centered on 1; for if k;,= k;, the shape will be more
complex, being the union of cones (radius < R) around each hard particle plus a cone
(of radius R) centred on the final jet
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REF: PAS CMS BPH-11-019

CRIMEA 2011 N. Pozzobon - HF Physics with the CMS Experiment 37



Observation of inclusive J/y and Y(nS) production, prompt and non-prompt
fractions, same technique as for pp collisions

REF: PAS CMS HIN-10-006 Hints of excited Y(nS) states suppression confirmed

S ol oms pramnary by further measurements of Y(2S+3S)/Y(1S):
S [ PbPb\[sy =276 TeV :
T : . 0.78+016 _ (stat) % 0.02 (syst), pp @ 2.76 TeV
\\C_’, 500 0-100%, 0.0 <lyl <12 o 24 Mevi2
£l ‘f‘s;f;fs‘"" seve ; « 024013 (stat) £ 0.02 (syst) , PbPb @ 2.76 TeVIN
- 30;: :)Okt;lif:t- non-prompt é
===+ background
20:— — 80 E
- o a) A CMS, pp,\/s = 2.76 TeV 80 b) CMS, Pb-Pb,\[sy, = 2.76 TeV
oF E Wb B> 4 GeVic, In'| < 2.4 sof B> 4 GeVlc, In'| < 24

p}( <20 GeV/c
Line = 225 nb™

m,, (GeV/c?)

Events /( 0.14 GeV/c?)

uu invariant mass [GeV/c?]

Events / (0.14 GeV/c?)

a0
30|

20 F

10

p}‘ <20 GeV/c
L, = 7.28 ub™

T

9 10 1 12 13 14

up invariant mass [GeV/c?]

REF: Phys Rev Lett 107 (2011) 052302
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