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Introduction

= Heavy flavor and quarkonia production is a puzzle of QCD
= Relative role of competing production mechanisms is poorly understood
= LHCDb provides unique possibility to probe forward region of 2<y<5

and to imply a stronger tests on theory

Muon system

= LHCDb detector Cherenkov detectors EMH-W)~97%
g(K ~ K) ~ 95% at 1-3% 1 - 1 mis-identification
JINST 3 (2008) S08005 at 5% 1 - K mis-identification _—

talk by Sheldon Stone VELO
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= Good momentum resolution Tracking system

Ap/p = 0.4% at 5 GeVic & Calorimeters
to 0.6% at 100 GeV/c ECAL.: O'E/E ~1% (—B 10%/VE [GeV]

= Good B-decay vertex resolution

= Good patrticle identification
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Overview

= List of analyses on heavy flavor production during last year

------------------------------

>

- X, (NP)-Y(n'S)y at Vs=7&8 TeV
- n(1S) at Vs=7&8 TeV
- B_* differential at vVs=8 TeV

'----~
I E N = = = = .

= Yin pr at \/§ =5 TeV |talk by Marco Meissner
NN (HIP, right now)

INew! | = Exclusive Y at Vs=7&8 TeV [tak by Paolo Gandini
(QCD&HP, today)

INew! | = J/Y at Vs=13 TeV [talk by llya Komarov
(QCD&HP, 24 July)

Polyakov Ivan, EPS-HEP, 23 July 2015



X, ,(nP) production

- X,(1,2,3P)-Y(1,2,3S)y with unconverted photons at 7&8 TeV

EPJC 74 (2014) 3092

o LHCD 34 of I@P)=Y@SyLuch 2 % we LHCh ]
Ezﬂ{mg Xb(lP) Y(ls) \/_ STGV E sn{é— b \/EZSTEVE E :E;: \f STGV_
S 18w 18 W @R - Y@S)y 3
= 1w X(2P)~Y(AS)y 1 3 ¢ XGBP)=Y@S)y I m %ﬂ :
LR R xb(SP) Y(1§)y L SE AN . -
"’ mml” e P e GV myesy  [GeV/E]

~30% of Y(nS) are from feed-down :
(nS) My, (3p) = 10511.3 &+ 1.7 + 2.5 MeV/¢?

- Ratio of X, ,(1P) and ¥, ,(1P) cross-sections with converted photons

JHEP 10 (2014) 088

— ~ 3
T 120 1P 5 “F 7&8 TeV —} LHCby, T OF
3 L @ xUP)-YUS)y XorlP) e T ,5 @ LHCby scaled| 3 350 © HUGPIRYUSY LHCH
s 'F 7&8TeV| X Tk + R, 3 788 TeV
S b g o ¥ Lo NRacD S xb1,2(3P)
2 L C PRD 86 (2012) 074027 | 5 %
g 80_— 15__ ‘?—é’ 20:
E= i "y ©
5w - . B il
20‘ ! } % s E 10: lrﬁl TJ. T8N
} 0.5 - L q{- ﬁ
~ N C 2.0<y<4s L2 S LB/
0 i beebeopeabempee e PR g T R e C Lo b b b b b b b b 1 E eapengriite g TS
0 0;;.-..-=u+;||||\~|.11L deol | IR B!
9750 9800 9850 9900 9950 6 8 10 12 14 16 18 20 22 24
() m(ap) (Y (1S) MeVi?] pY [GeVic] Oty ity +m( ¥ (15)) [MoN2)

Polyakov Ivan, EPS-HEP, 23 July 2015

m(xp1(3P)) = 10515.7722(stat) ")

? (syst) MeV/c?




EPJC 75 (2015) 311

Complementary to studies of J/y, Y(2S) and X, , , production
NLO NRQCD predicts different p_-dependence for n_and J/{ and x_

PRD 70 (2004) 054014 )
Probe inclusive b -n X decays PRD 46 (1993) 179
CLEO limit: B(B~,B% — 1n.(18)X) < 9 x 1073 at 90% [ PrD52(199) 2661
n,— pPp and J/Y - pp decay modes are used
B(n.~ pp) =(1.52+0.16)x10°
s T
Selection: % Ez”‘_"’j‘iﬂ e
trigger by _ BRI
hadron calorimeter pT(pp) >_6-5 GeVic 0.6F prln separation
p.(p.p) > 2 GeV/c 2 <y(pp) <45 0.4 EPJC 73 (2013) 2431
PID requirements ", "

20 40 60 80 100

Momentum (MeV/c)

Separate prompt production and b-decays with
- pseudo-decay time ( t,=AzM/p, )
- Impact parameters of protons with respect to primary vertex
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nc(ls), frOm b'decays EPJC 75 (2015) 311

4000

% E_ LHCb . s o .

= b = Since efficiencies are the same

S g T for n_and J/y within 0.5%

£ 2000 1\N=6110+116

0 - e 2 b _

e e 21\ Noas)  B(b— n.(15)X) x B(n.(15) — pp)

cross-feed irom N=2020+230 ;| | b >

JIp —»Jc)pno N -\ ,-" \ NJﬁ,b B(b — Jip X) x B(J/p — pp)

2001
Dain atabani ta i ieetet (el e e
200 ! i ;
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M(pp) [MeV/c?]

- Neglecting the p_(pp)>6.5 GeVi/c bias derive:

First measurement
[ Bb— n.(15)X)/B(b — J/X) = 0.421 + 0.055 4 0.025 + 0.0455:J

: - in agreement with CLEO upper limit
dominant systematics: J PP

background model, J/Y polarization, cross-feed from prompt

- Mass difference: [AM ., a8 = 114.7 4 1.5 + 0.1 MeV/c? |

in agrement with world average (PDG 2014)
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nc(ls), prompt

= Constraint signal shape from fit of “from b-decays” sample

«10°

EPJC 75 (2015) 311
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- Similar p, dependence for n_and J/Y (in contrast to NRQCD expectations)

(on.08)/ o) V/3=8TeV
(O0e18)/Tap0) s rey

= 1.604+£0.294+0.25+0.175,
= 1.744+0.29 £ 0.28 £ 0.183.

dominant systematics: I'(n_), background model

= Use previously measured J/i cross-section as reference

EPJC 73 (2013) 2631
JHEP 06 (2013) 064

0n.15)) sy = 0524 0.09 £ 0.08 £ 0.06,,, 5 ub[First ]
01.15)) gy = 059 £ 0.11£0.09 £ 0.08,,, 5 ubumeasurements
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consistent with color-singlet NLO predictions | JPG 39 (2012) 015008




fragmentation

- Similarities of B_* with both B mesons and quarkonium

- Main process: gg - (bb)(cc)—~B_* + b + ¢ (order of a_*)

suppression o(B_")/a(B*°) ~ 10 | arXiv:hep-ph/9408284 b
Phys. Atom. Nucl. 67 (2004) 1559 b
.. i i i B *
= Competitive role of fragmentation and recombination . c
— different impact on p. spectra
+ difference with B*° spectra c

recombinantion

= Measure cross-section with respect to B*:
using decays B_*— J/ymt* and B* - J/PK* with similar kinematics

o _O9BIBB —J/ym) NBI—J/ym) | el
S o(BY)BBT - J/YKT) T e NB* = J/yK")

= Previously only average ratios of o(B_") to o(B*,B_°) were measured
at LHCb and CMS | PRL 109 (2012) 232001 || PRL 111 (2013) 118801 || JHEP 01 (2015) 063

— measure the kinematics dependence for the first time
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BC+ p I'Od u Ctl on : 8 TeV PRL 114 (2015) 132001

_fitexample

- Study R, kinematic dependency in range < 4sE ~+ Data 3
v 40F LHCb —Tptal 3
0<p,<20 GeV/c and 2<y<4.5 > s W Signal 3
= S 1 Background 3
S 30 e B~ J/yK" 3
: < 25F 20<p. <3.0GeVic 3
= BDT-based selection 5 20b 1 ey <207
S st
2 10§ E
(cj sER LT 3
;L NRPPE OTTTLLT PR PR B i{'. :E
] ] 0 6200 6300 6400 6500
- Excellent description of B_* spectra by BCVEGPY M /y ) MeV/e?)
» 0.16 T » 0.1 . ]
= - ] = :I
_,'Cl_,; 0.14F +-Data 3 _2}‘ <+ Data .
< onf +} ~BCVEGPY 1 Z0.08p + —scveaer (0 * approach)
% 0.1;— LHCb — Té {mﬁ:_ LHCb _:Comput. Phys. Commun.
5 008 8Tev 4 & f 5 oy | 174(2006) 241
< 0,06;— g?gjd““r’ i1 “ 0‘“4:_ O<p_Tl<20 GeV/c E
0.04: —: 0.02f 2fb
0.02£%  N(B_*)~3100" + . I N(B_*) ~ 3100 :
D{)ll.lSIIJlll:Dlll‘IISl. 20 02“”275”“élHI3,|S“”4”I45

p (BY) (GeVlc) y(B2)
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BC+ p rOd u Ctl on : 8 TeV PRL 114 (2015) 132001

- Dependence on p. and y is observed:

First measurement

— 1.8 ——r————————————————r—, 2.2 rr—————— . ,
% l'ﬁ:_ 8 TeV == [ HCh data _': % 2;_ 8 TeV == LHCh data ;
=~ 14 2fb? 3 = L8F 21fp?
% 1.45 BCVEGPY . &= l.f}f— BCVEGPY (GS4 approach)
12 N(B,*) ~ 3100 E 14F :
03 . 12 N(B_*) ~ 3100 Comput. Phygf; Commun.
08k 44ty - E 174 (2006) 241
C + = o E
(.6 _:’_++ —: ﬂ.g:— . _E
04F = 068 . :
o2k E 04F -
N E i 1 N 1 L L L i 1 i i a N _:. {]'2 :_. L 1 | sl a
nﬂ 5 10 15 20 2 2.5 3 3.5 4 4.5
Py (GeV/e) y

in p,<20 GeVic and 2<y<4.5: (R = (0.683 £ 0.018 £ 0.009)% |

dominant systematics: fit model

in 4<p_<20 GeV/c and 2.5<y<4.5: (R = (0.698 + 0.023)% |

(to compare with previous measurement)
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consistent with measurements at 7 TeV
(0.61+0.12)%
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[ INew! ] arXiv:1507.03516

Update measurement on relative B of B_ - (2S)rt* and B_"— J/y1t*
based on only 7 TeV data; 0.250 = 0.068 (stat) 4= 0.014 (syst) - 0.006 (BF)

[PRD 87 (2013) 071103

BDT-based selection
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BB, — W(2S)I*)/B(B_* — JIPTT): M(y(25) ') (MeV/c?)

| Rs = 0.268 + 0.032 (stat) 4 0.007 (syst) + 0.006 (BF)

consistent with the previous measurement
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LHCDb provides unique input for QCD
with exploiting HF production in forward region

X,(NP) = Y(n'S)y with unconverted and converted photons

n.(1S) production (first time measured in pp collisions)

B_" differential cross-section + update on B(B_"— (2S)m")

We are looking forward for run at 13 TeV
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