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Introduction

The b-hadron production has been predicted with NLO accuracy for more
than twenty years. However, the dependence on the factorization,
renormalization scales, m, results in theoretical uncertainties of up to 40%.

The large production cross--sections for B hadron particles in pp

collisions at LHC energies provides opportunities for testing the Standard
Model picture of flavor dynamics.

Motivation:

¢ Test of perturbative & non-- - perturbative QCD models for B hadrons
production/fragmentation.

¢ Study dynamics of heavy quarks inside hadrons, decay models and

spectroscopy.
¢ Heavy flavored hadrons are profusely produced at the LHC. It is possible
to study/search for some quarkonium-- - like exotic states and new
physics.
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CMS and ATLAS

General Purpose Detectors running on LHC
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ATLAS and CMS fully exploit the highest HF production rates and highest LHC luminosities, and
sept. 20&CCESS regimes and phase space, complementary to B factories, Tevatron, and ERHGHHer, cas



Data and trigger system
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Trigger selection for heavy flavour
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Inclusive b production

Early inclusive b production measurements are performed at ATLAS
and CMS, data sample ~nb! to several ~pb.

Inclusive b-hadron with muon CMS: JHEP 03 (2011) 090,
7 TeV, 85 nb?
Inclusive bbarX—puuX’ CMS: JHEP 06 (2012) 110,
7 TeV, 27.9 pb,
Inclusive b-jet production CMS: JHEP 04 (2012) 084,
7 TeV, 34 pb?,
b-hadron (D**uX) ATLAS: Nucl. Phys. B 864 (2012) 341,
7 TeV, 3.3 pb't
b di-jets ATLAS: Nucl. Phys. B 864 (2012) 341,
7 TeV, 3.3 pb,
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Inclusive b production
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Production Cross Sections
are measured with few data
In early ATLAS/CMS run.

Differential Cross Sections
are consistent with NLO

predictions.
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B* production
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B, B, production
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B, B, production
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BO. - J/y (980), JAud
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B.—J/yo

‘golden’ mode to explore CP violation,
flavor non-specific, experimentally clean final state

CPV arises in interference between
direct decay and decay after oscillation

@ Precise theoretical prediction of CPV phase ¢@g within SM:
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Angular analysis of BO-K® pu*u-
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Peaking Structures in B*— J/yoK* &5
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B. production

CMS JHEP 1501 (2015) 063
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Excited B, search
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»No excited states of B*, reported previously.
»The spectrum and properties of B*, family are predicted by non-
relativistic potential models, perturbative QCD and lattice calculations.
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Qp+
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B.(2S) observation

ATLAS Phys. Rev. Lett. 113 (2014) 21, 212004
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CMS Phys. Lett. B 714 (2012) 136 7 TeV, 1.9 fb™!

explore the baryon decay

No=>J Iy () N\o(pr)
» measure /\, properties
» production cross section

Events /(0.02 GeV)

0=1.16 £ 0.06 = 0.12 nb
(7 TeV, p,>10 GeV, |y|<2)

1[' [ rrrrjJ|rr rr]
= CMS +Js=T TeV

L B L
B (ly" | =2.4]3
B" Tsallis fit
= B (ly®] = 2.2)]
B® Tsallis fit -
* Byl =24)
B; Tsallis fit
= Ay fly 1= 2.0)
Ay T=allis fit
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p; distribution falls faster than measured /-mesons spectra and than predict%&gseﬁéctra from
NLO MC POWHEG and leading-order MC PYTHYA.

sefor@ss-section ratio +(%;)/7(A}) consistent with 1 and constant vs p;, and rapidity |y].
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€ mass and lifetime
ATLAS m =5619.7 + 0.7 + 1.1 MeV
1=1.449 + 0.036 = 0.017 ps

CMS 1=1.503 £0.052 + 0.031 ps

@ Parity violating asymmetry
parameter a, and the
helicity amplitudes

ATLAS a,=0.30%+0.16 £ 0.06
(assume CP conservation)

» Perturbative quantum chromodynamics
(pQCD): a, =-0.17 to -0.14 (PRD 65,
074030 (2002))

» Heavy quark effective theory (HQET): a, =

0.78.(PLB.614, 165 (2005))
Sept. 2015
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ATLAS: Phys. Rev. D 89, 092009 (2014)
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A, y(2S)+A°

ATLAS
Submttted to Phys. Lett. B

aI’XIV150708202 ::. Enu =l rryrrfrrreqpree e rr et
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= (0.501 £ 0.033(stat) = 0.016(syst) £ 0.011({5),



=, 2 observation

|
CMS: PRL 108, 252002 (2012) Comploxeateatines’

topology
» 4 displaced vertices
€ CMS observes new baryon state: =, > 6 final state tracks
® note: LHCD just reported two charged 16
additions to the =, family: =, =~ > | cms o
= 14 :_ PP, \s=7TeV # Opposite-sign data
P = m(E;D) —m(Z, ) —mg+ =14.84 +0.74 + 0.28 MeV E - L=53fb" —— Signal+background fit
m(Z;%) = 5945.0 £ 0.7 + 0.3 £ 2.7(PDG) MeV | 212 ~ Background
QO L
[(Z;%) = 2.1 +£0.74 MeV g 10 ©®
"E . 21 signal events
g 8 - significance >50
W 6l
4
k.
+ 1t | TR TR
05 o

0 10 20 30 40 50
MJIWET) - M/ WE) - M(x) [MeV]
21 Z.Wang, IHEP, CAS
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B.,,—up search: motivation

Standard model Beyond SM
b ' "D

Ty

O Highly suppressed decay in SM
Forbidden ar tree level -»FCNC transitions only possible through penguin or box diagram.
Cabibbo |V | < |Vis| and helicity suppressed

O SM predictions

BR(B® —u*u) = (1.06+£0.09) x 10-10
BR(B.'—p*u) = (3.664-0.23) x 10 (PRL112, 101801, 2014)
O Sensitivity to NP

2HDM and m(H*)  MSSM tan
Leptoquarks 4t generation top

22 Z.Wang, IHEP, CAS



B.,,—uu search

CMS: PRL 111 (2013) 101804

o CMS-LSWTESTTV. L= =B TeV <10 CMS {5=7 TeV, L=5 fo”' {5=3 TaV, L=20 0"
E sor o= Z F fasc 1 f

— tull POF Tl . N
= By S EBFE e

! W Fragi = F *2. -1
= 40 —— combinatorial biig & 1.6 [3-5_1_;!11E
- == s2mlieptonic big - “F
I —-— peaking kg 14 ':
§ = - ) 2.0 '__
W 3g F BN .
n B [~ ) LLI o .I 1 .- -’
E B 1-_ o, M -éilﬂ'na-u'm
= Y U . -
'g | + + III.B:—
= - 0.6
0 i L
+ : :-,":::-:I:l. - | '\-_". - ...'}1-
= 10 A o | + \ :
E?", L "' i) o E h I|
Z i ;_j /
f-“‘h'""".' : E_IIIIIII?"I-IIIIIIIIIIIIIII.-I‘"fIIIIIIII'iIIIIIIIIIIIII-"‘E-e
E.EI 5 &1 K2 53 K4 K55 KA K7 KB 5BE 0 1 2 3 4 3 i ¥ B . ] _1|:|
m,, (GeV) BF(B -

B(Bs — p1)=(3.07%%(stat.)T0%(syst.)) - 10~° S=4.30 (Exp. 4.8)
B(Bgq — up) < 1.1-107° (95% C.L.))

ATLAS: BR(B% — p*u7) < 2.2(1.9) X 1078 at 95% (90%)
Sept. 2015 Physies Letters B 713 (2012) 387—-407 ZWang, IHEP, CAS



B.,;; CMS + LHCD

CMS+LHCh: Nature 522 (2015) 68

Data: 25 fb"' (CMS) and 3 fb-! (LHCb) cMsandLHCoMHCRN)
a0 —4— Data
Selection: BDT with 20 categories, 12 CMS =, Eifl“;:afd background
categories which depend on +/s, detector . == Continaorl g
region, and BDT ranges + 8 LHCb o et

(5]
(=]

categories which depend on BDT ranges

[ =)
(=)

I|IIII|IIII.'|IIIIIIIIIIIIII

Common parameters: hadronisation

—
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:I+'_‘IIIIIIIII|IIII|IIIIIIIIIIII_
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Measurement of the ratio : n e

R = BR(B—>pu*u™ ) IBR(BL—ptu™) _25.1; =

=0.14%%9% 4 06 R :
|||f||||I||||I|a||? . ©
Compatible with the SM prediction PRI B TR N

— +0.0028 : :
R =0.0295 _o0.0025 at the 2.30 level Cion e el
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Y(nS) cross section

ATLAS: Phys. Rev. D 87, 052004 (2013); CMS: Phys. Lett. B 749 (2015) 14

S-wave measurements for 0 < p; <100 GeV j w;.;;,’ S
g : ; - 1'{1S) corrected cross sections”
. . ;_ Or / Spin-alignment envelo
»high-p; reach allows to probe models with T E — :‘MO‘-;W N
. . . » ) | ILO* CSM (direct only)
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v =

v Candidates J/ (25 MeW)

o

P-wave bottomonia

radiative decays y, — Y(nS)y are explored to reconstruct P-wave bottomonia.

» Photons reconstructed by e*e™ or detected in calorimeters

> X (3p) first observed by ATLAS ATLAS: P.R.L 108 (2012) 152001
! 1 CMS: P.L.B 743 (2015) 383-402
> Xp2(1P)/ x,,(1P) production ratio measured
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CMS Phys. Lett. B 727 (2013) 57

T I T T T I T T T I T T I T I T T T I
> C ¥{25) ¥(35) CMS barrel ]
= 8000 i | E=8TeV —
0o B L=2071"
& B P, > 13,5 GeV_
L 8000 — Iyl = 1,2 —
m - -
o B _
= L 4
m 4000 — |
© . ]

2000
L I [ T T T | P
B

T I T T B
10,6 10.8 1
My (1 gpe [GEV]

R— N2\ ey (as)
No%eh | €x,

€ No structure apart from Y(2S) and
Y(3S)
€ No significant excess is observed
€ At 95% CL, Upper limit on the cross
sections*branching fractions ratio: 0.9
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Exotic resonance X(3872) discovered in the final state J/yn*n
A bottomonium counterpart X,, may exist and decays into Y(1S) n*n™
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X, @ATLAS

ATLAS: Phys. Lett. B 740 (2015) 199
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Summary

CMS and ATLAS collaborations extensively measured inclusive and exclusive
productions with LHC run-I data. Gave significant contribution in the study of

rare decays. Stringent test of the Standard Model prediction, Great effect
on New Physics searches

Achievements Iinclude:

€ Precision measurements of b hadron production and decay properties,

® Spectroscopy: observation of new meson and baryon states and decay
modes,

@ rare processes: observation of the long-sought B.—pu decay.

higher enerqgy, luminosity and pileup of coming LHC runs will bring
both challenges and new possibilities to B physics studies
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Thanks |

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

HF Physics talks in the parallel meeting.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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