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Outline

Includes new results made public since PIC2012, please refer to
S. Argiro’s talk ing on P1C2012 for old results
Bottom production

» Inclusive measurements, using electron, charmonium
» Exclusive measurements, b meson, A?, Bf

Bottom spectroscopy

» B**, B*, b-baryon and Bf masses
@ Bottom lifetime
» B2, AY and B lifetimes

My apologies in case | miss your favorite results
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Bottom production

@ Measurements of heavy flavor production provides important
tests of QCD

» Parton distribution function
» Hard parton scattering
» Fragmentation
@ Production cross-section at new energies also required to guide
relevant studies, e.g., search for new physics
@ Measurements of heavy flavor production in pp collisions provide
mandatory baseline for nucleus-nucleus collisions
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Bottom production using electron

[ALICE, PLB 721 (2013) 13]

@ Different sources of electrons separated using impact parameter

@ Bottom and charm differential
cross-section described well
by FONLL prediction

[M. Cacciari et al., JHEP 10 (2012) 137]
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http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1016/j.physletb.2013.01.069

Bottom production

[LHCb, EPJC 71 (011) 1645] [LHCb, JHEP 02 (2013) 041] [LHCb, JHEP 06 (2013) 064]

@ LHCb measured bottom production using b — J/y X at
\/s=2.76 and 8 TeV, apart from that at 7 TeV
@ b— J/yX separated from

prompt J/y using

_ (@upy—2zev)xMy)y
t, = DUy Ty

Pz
@ Good agreements with FONLL

using J/y
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http://dx.doi.org/10.1140/epjc/s10052-011-1645-y
http://dx.doi.org/10.1007/JHEP02(2013)041
http://dx.doi.org/10.1007/JHEP06(2013)064

Bottom production using y(2S)
[ATLAS-CONF-2013-094] [CMS, JHEP 02 (2012) 011] [LHCb, EPJC 72 (2012) 2100]
@ ATLAS measured bottom production using b — y(2S)X with
v(2S) — J/y(up)ntn—, overlaid with CMS and LHCb results
(note: different rapidity ranges)
@ Compared to NLO and FONLL, some discrepancy for high pr?
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http://cds.cern.ch/record/1596291
http://dx.doi.org/10.1007/JHEP02(2012)011
http://dx.doi.org/10.1140/epjc/s10052-012-2100-4

Bottom production using xc

[ATLAS, ATLAS-CONF-2013-095]
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http://cds.cern.ch/record/1596292

b meson production

[LHCb, JHEP 08 (2013) 117]

@ LHCb measured Bt — J/wK™, B — J/yK*0, and B — J/w¢
production for 2 < y(B) < 4.5, in agreement with FONLL
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http://dx.doi.org/10.1007/JHEP08(2013)117

b meson production (cont.)

@ do/dpr, good agreement with FONLL
@ Theo. uncertainty includes my, ugr, ur and PDF

[LHCb, JHEP 08 (2013) 117]
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http://dx.doi.org/10.1007/JHEP08(2013)117

B+ production by ATLAS

[ATLAS, arXiv:1307.0126] [CMS PRL 106 (2011) 112001]

@ ATLAS measured BT — J/yK*

in the central region

[M. Cacciari et al., JHEP 10 (2012) 137]
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http://dx.doi.org/10.1007/JHEP10(2012)137
http://arxiv.org/abs/1307.0126
http://link.aps.org/doi/10.1103/PhysRevLett.106.112001

fs/fd

[LHCb, JHEP 04 (2013) 001]

e f/fy needed for normalization of BY — u*u~

@ LHCb updated measurement of f/fy with BY — D3zt and
B® — D~ K™ using 2011 data (1 fo~")

@ Evidence (30) of dependence on pr(B2), while no indication of
dependence on 1(BY2)
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A9 production

do/de(pp—> b-hadron X) (ub/GeV)
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.©

0.

[CMS, PLB 714 (2012) 136] [LHCb, PRD 85 (2012) 032008]
@ Measured with semileptonic decay modes (LHCb), and exclusive

decay modes (CMS), f, /(f, + f4) has significant pr dependence
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A9 production polarization
[LHCb, PLB 724 (2013) 27] [ATLAS, ATLAS-CONF-2013-071]
° /\g longitudinal polarization vanishes (P-conservation of QCD)

while transverse polarization could be as large as 20%

@ Angular analysis of AY — J/y(uu)A(pr) allows to measure
» Polarization and decay helicity amplitudes My, A
)

(Miq/2,00 M_q1/20, M_1/2 1, Miq/2 41
» Parity-violating asymmetry parameter
Op = [M1/2,02 = [M_1/207 +IM_1)0 12 = [ Mg /241]2

A helicity frame

Beam

;///,4-
14/32

J/y helicity frame
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http://dx.doi.org/10.1016/j.physletb.2013.05.041
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-071/

A9 production polarization (cont.)
[LHCb, PLB 724 (2013) 27] [ATLAS, ATLAS-CONF-2013-071]

@ Results of LHCb and ATLAS

Variable LHCb ATLAS

o 0.05+£0.17+£0.07 0.28+0.16+0.06
M1/20 0.014£0.04+£0.03  0.1770,2+0.06
M_1)20 0.57+0.06£0.03  0.5970 95 +0.04
M 11 0514£0.05+0.02  0.79700e +£0.02
Mi1jp1 —0.104£0.04+0.03  0.0875)5+0.05

@ J/y and A from Ag decay are highly polarized

@ Parity-violating asymmetry parameter oy in agreement with most
predictions, but not with the HQET prediction

Method Value Reference

Factorization —0.1 Cheng, PRD 56 (1997) 2799
Factorization —0.18 Fayyazuddin and Riazuddin, PRD 58 (1998) 014016
Covariant oscillator quark model —0.21 Mohanta et al., Prog.Theor.Phys 101 (1999) 959
Perturbative QCD —0.17 to —0.14 Chou, Shih, Lee, PRD 65 (2002) 074030
Factorization (HQET) 0.78 Ajaltouni, Conte, Leitner, PLB 614 (2005) 165
Light front quark model —0.20 Wei, Ke, Li, PRD 80 (2009) 094016
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http://dx.doi.org/10.1016/j.physletb.2013.05.041
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-071/

B production

[LHCb, PRL 109 (2012) 232001]

e B;, two different heavy flavor quarks, production more difficult
than other b mesons

@ Production cross-section at 7 TeV measured with B — J/yr+
using 0.37 fb~' of data
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http://link.aps.org/doi/10.1103/PhysRevLett.109.232001

B¢ production (cont.)
[LHCb, arXiv:1308.4544]

@ LHCb measured % - B(Bf — B3xn™) using 2011 + 2012 data, for
2<n(B)<5.

@ Measured with BY — Dyt and B — J/w¢ independently,
results consistent with each other

@ Combined results
t.p(Bf — Bnt) = <2.37i0.31 +0.11 fg_-};(%» x 1073
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@ First observation of B — BIx™
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Bottom spectroscopy
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Bottom spectroscopy

@ B mesons are heavy-light system of QCD

Hydrogen atom Heavy-Light
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B**

Searched with Bt

[CDF, EPS2013] [LHCb, LHCb-CONF-2011-053]

n~ (left), Bzt (right)

@ Evidence of B(5970)? More investigations ongoing
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B*

*, comparison
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[M. Kambeitz, EPS2013]
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@ Searched with BT K~
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http://link.aps.org/doi/10.1103/PhysRevLett.110.151803

B:*, comparison

[M. Kambeitz, EPS2013]

o Q(B:,) CDF (2013)
Q(B.1) CDF (2013) 66.78 £0.13 £0.14
10.38 + 0.1+ 0.14
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@(B,;) LHCb (2012)
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=, Q;
[LHCb, PRL 110 (2013) 182001] [CDF, PRD 80 (2009) 072003] [D0, PRL 101 (2008) 232002]
@ Big discrepancy between CDF and DO for 2, mass
» CDF:6054.44+-6.8+0.9 MeV D0: 6165+ 10+ 13 MeV
» Theo: 6052.1 +-5.6 MeV (M. Karlinera et al., Annals Phys.324 (2009) 2]

@ LHCb measured with 1 b~ of data, in agreement with CDF resuilt
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http://dx.doi.org/10.1016/j.aop.2008.05.003

B/ mass

e With Bf — J/yD{ (3o~ 1)

[LHCDb, PRL 109 (2012) 232001] [LHCb, PRD 87 (2013) 112012]

@ LHCb measured B} mass with B} — J/wx*t (0.37 fo~ 1)
» M(BF)=6273.7 +1.3(stat) == 1.6 (syst) MeV

» M(B}) =6276.28 4 1.44(stat) £ 0.36(syst)
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@ Consistent with lattice QCD:

M(BZ) = 6278(4)(8) MeV

[HPQCD, PRD 86 (2012) 094510]
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Bottom lifetime
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Bottom lifetime

@ Decay of b-hadrons dominated by the weak decay of b-quark

o 7(B% ~ 1(B*) ~ 1(B2) ~ t(A2), when ignoring contribution of
lighter quarks

@ Heavy Quark Expansion (HQE), decay rate of Hp

/\ n
iyt = |CKMEY. ) (;f;:’) (Ho| Ol H)
n

> cff ), coefficients of OPE, can be calculated perturbatively

» All non-perturbative physics shifted into (Hp|Opn|Hp), can be
calculated using lattice QCD, or QCD sum rules, or related to other
observables via HQE
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BY lifetime
[ATLAS, JHEP 12 (2012) 072] [LHCb, NPB 873 (2013) 275]
@ Due to BY mixing, two mass eigenstates my, my, with different
lifetimes Tq = 1/I'H, T, = 1/I'L
o Effective lifetime tg = 1/I's, I's = (Tu +T1)/2 is sensitive to AT’
and mixing induced CP- -violating phase ¢ for CP-eigenstates
@ Apart from measuring B — K*K~, and B2 — J/y1(980), LHCb
also measured B — J/yK? effective lifetime,
el =1.754+0.1240.05 ps (ref: reff ykolsm = 1.63940.022 ps)
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http://dx.doi.org/10.1016/j.nuclphysb.2013.04.021

Ag lifetime

eventually resolved with recent results from Tevatron and LHC
@ Take LHCb measurement as example, t(A9)/7(B°) measured
using A — J/ypK, and B® — J/yK*, in 16 bins of decay time

[LHCb, PRL 111 (2013) 102003]
@ Long-standing discrepancy between experiment and theory,

@ Verified on simulation that the ratio of acceptance is flat
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http://link.aps.org/doi/10.1103/PhysRevLett.111.102003

A? lifetime (cont.)

@ LHCb measured

[LHCb, PRL 111 (2013) 102003]

> 7(A9)/7(B%) = 0.976 +0.012+0.006
> 7(A))=1.482+0.018+0.012 ps
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Experiment

LHCb (2013) [J/ywpK']

CMS (2012) [J/wA]

ATLAS (2012) [JApA]

DO (2012) [J/yA]

CDF (2011) [JAyA]

CDF (2010) [Aim]

DO (2007) [J/yA]

DO (2007) [Semileptonic decay]

DLPH (1999) [Semileptonic decay]
ALEP (1998) [Semileptonic decay]

OPAL (1998) [Semileptonic decay]

CDF (1996) [Semileptonic decay]
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B lifetime

[CDF, PRD 87 (2013) 011101 (R)]

@ Both b, c quarks decay, or annihilate, t(Bf) ~ 37(B°)

@ B/ lifetime was measured using semi-leptonic decays, before

CDF did it with exclusive Bf — J/yzt (6.7 fb~)
@ Acceptance from MC, and verified on simulation
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@ 7(B}) =0.45240.048 4+ 0.027 ps, consistent with previous

measurements
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Summary

@ Many new results on bottom production, spectroscopy, and
lifetimes

@ Experimental measurements agree with theoretical predictions
well, while in some cases, the experimental precision is much
better

@ More accurate theoretical prediction needed, possible to reduce
theo. uncertainties? E.g.

» Uncertainty due to ur and ug
+
» Branching fractions, ratio of BRs g((g%m

@ Many new results will come soon, stay tuned
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