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. b
Introduction %

* Unique probes of heavy-ion collisions
»mg > Agcp, production calculable with perturbative-QCD

» tprod ~ 1/my, information about initial and final state

 Information from heavy flavor

» Initial state ¢ /

NPDF [PRL121(2018)052004, arXiv:1906.02512]
saturation [Nucl.Phys.A735(2004)248...]

» Final state, medium properties
Elliptic flow [Nucl.Phys.A735(2004)248...]
Energy loss [Eur.Phys.J.A53(2017)5...]
Quarkonium dissociation/sequential suppression // \\\ Z

[Int.J.ofMod.Phys.A 28(2013)1340012...] beam beam

Coalescence hadronization [PLB595(2004)202...]

(to< 1 fmic)
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LHCb experiment R

.. . JINST 3 (2008) S08005
Precision measurements in b, ¢ flavor sectors  1mpa 30 (2015) 1530022

t(Hy)~1.5ps, t(H.)~0.1—1ps Decays: b — ¢ — s (KT);
Vertex Locator (vertex reconstruction) Baryon — proton
 Impact parameter resolution: (15 + 29/pt)um - RICH detectors (K /m /p separation)
* Time resolution: 45 fs, resolvmg HF decay vertex * ¢(K - K)~95% for r(m - K)~5%
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ogato = |

pp collision =,
point

— [0

| fi=—=———Tracking system ﬁ ‘
y ' % (particle reconstruction) == )
* €(Tracking)~96%

* 5p/p ~0.5%-1% (5-200 GeV)

co(mg_py) = 22 MeV
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Magnet
Bending power: 4 Tm



LHCb experiment

107 arXiv:1904.04130
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IHJQICb

LHCb measurements of heavy flavor production in pp collisions

» Open heavy flavor

» Double heavy production
» Quarkonia

> Quarkonium —like (Bf,E.,, ...)

http://Ihcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
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. THEP 06 (2017) 147 C b
Open heavy flavor production e =emes %

» Exclusive decays, very clean. Subjected to (very) small branching fraction
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Fragmentatlon
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Fragmentation fraction depends on collision

energy and kinematics

Y fag =89 £ 12% (PDG), ~ 20% (LHCb)

v' Inconsistency for f,+ cross experiments

Measurements in pp collisions with the same
condition is essential for heavy ion data.
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Semi-leptonic decays %I‘a

* Significant gain for beauty decays
» B(H, » H.lI"X)/B(H, - H,mt~) ~ 100
» Easy to trigger for [~ = u~
* Disadvantage: signal extraction more difficult, cutting phase space and kinematics

 Signal yield about 10 times of exclusive decays, also very clean
PR D100 (2019) 031102
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f (pT > 4 GeV > 4 GeV) = 0.122 + 0.006,

Uncertamty dominated by branchmg fractlons, otherwise <2%
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Semi-leptonic decays %I‘a

PR D99 (2019) 052011
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Quarkonia %

 Lucky for vector states, | /Y, y’, Y(ns)... using utu~/ete™ decays
* Recent measurement of Y (2S5) in pp collisions

LHCb-PAPER-2018-049
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a(y") energy dependence described by NRQCD
a(y")/o(J /) slight rapidity dependence, real or detection/kinematic effect?
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Quarkonia polarization %

* Polarization of J /1, ’, Y(nS) in pp collisions measured only in Run I data
ALICE: EPJ C78 (2018) 562

1F

LHCb: EPJ C73 (2013) 2631 0.8 j Collins-Soper — Helicity
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Surprisingly small polarization in contrast to S e

NRQCD/CSM predictions.

Demanding a lot of statistics, >

: .. 100 pb~! pp equivalent.
What about in pPb and PbPb collisions? May be achievable in Run3 (YR WGS:

Zero polarization for J /1 recombined in medium? 2.3 nb-1 PbPb)
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Non vector quarkonia %13]

LA [N B R B HNL B L R R NN BN R B B L BB B rprrrryrrrryrrrr [ rrr ot

L B
. LHCb

N§> @) ] ”\: 300:; LHCb Preliminary =
> LVs=7TeV y - 2 T pPb {5y =8.16 TeV ]
= i a<p Tlp< 5 GeVie T = 250 converted photons Pb -
; 1000~ - S F 15<y* <40 p .
Z i JHEP 10 (2013) 115 1 200 X, i
g [ PP - PR ;
L i} S r .
B swl-  Converted - g 100 e ]
% | i L s et i
© B N 100:_ _:
: R : Converted 1
i T 50F -
L PP FTTIR s N T S SN (SN T T ST T [ T S S r h
‘POO 200 300 400 _ 500 '60|(</| v/ Z?O F A 1
Mtuy)-Mu e I R A4 B N R SR B
Wry-Mern | ‘ 0 300 350 400 450 500 550
M@Hy)-M@') [MeV/c?]
— , ————r
% 6000F- (b) LHCb
% \s=7TeV
S 5000 Non converted photons
I\ .
& 4o00f. OTIVerted Xc; measured with both converted
23000 PP (y = eTe™) and non-converted
o 5 . .
e photon in pp data. Reduced statistics
2000
PL B718 (2012) 431
ook £ but y.; and y., peaks better resolved.
0

200 400 800 800 7000
M(uty) - M) [MeV/c?]

4/11/2019 HF@LHCb, GDR-InF19 (Yanxi ZHANG) 12



X(3872) {EG

DD " Molecule

ch1(3872) — (MDO + MD*O) = OO].:EOQ? MeV state e J/C" Yeo Yel X2 4 X(3872)

mass [GeV] | 2.98 | 3.10 | 3.42 | 3.51 | 3.56 | 3.69 3.872
0.00001+
0.00027

AFE [GeV] [ 0.75 | 0.64 | 0.32 | 0.22 | 0.18 | 0.05

Satz, J. Phys. G 32 (3) 2006

Another system to test sequential

suppression/comover?
Hadronic molecular?
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X(3872) {EG

Accessible in proton-Pb collision, more suppressed in Pbp data?

L~12nb™! L~19nb?!
n}'\; - LHCb Preliminary + “E «00-- LHCb Preliminary |
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n(1S) ES

» Abundantly produced, slightly higher binding energy compared to J /i

LHCb ]
Ve =13 Tev - Detection of prompt 1. already
challenging in pp data, pushing to

high-pr.

Candidates / (10 MeV)

1 LHCb-PAPER-2019-024 —

pr > 6.5 GeV ] May be improved with n, — AA:
' B(ne = AA) = B(nc = pp)
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20 x10__ , . . Does it probe a different nuclear
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=7 production

* Difficult due to low production rate and small detection efficiency

Candidates / (6 MeV/c?)
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e(E}F) = 1% for pr > 4 GeV
o(EF - AfK 2% ) /o (AL)
=(2.22 4+ 0.27 + 0.29)x10~%

* Production mechanism similar to / /1 in PbPb collisions

» Dissociation of primary production + medium recombination at low p
» Ep(ccq) = 1/2E,(cC), may be comparable rate of recombination as J /i

4/11/2019

>

N(EZ;

) ~ 0.02/PbPb at mid y for 0-10% centrality, enhanced by X10 (Rs4 > 1),

however yield is strongly reduced at pt > 4 GeV

Hope to reach low pr in the future!

HF@LHCb, GDR-InF19 (Yanxi ZHANG)
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B} production ﬁ'ﬁ%

* Subjected to dissociation and recombination in medium
» recombination dominate production in central collisions, enhanced by ~10
« LHCb measurement with Bf — J/ym™ PR C62 (2000) 024905

> 2fb~1 pp data at 8§ TeV
PRL 114(2015) 132001

a0 S L L L= 0.16 ———— — — ——
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Reasonably clean signal, Ng;; = 3100. R(BY — ] /)

o 2 = (0.68 + 0.02)%
pr distribution well modelled by Bcvecey[hep-ph/0504017] ~ R(B* = J/YK™)
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B production with SL decays %

» B(Bf - J/Yutv) = 1 — 8%, about 15xB(BF — J/yn™)
 LHCb measurement at 7 (1 fb'!) and 13 TeV (1.7 fb'l)  PhysAtomNucl 67(2004) 1559
» pr(BF) > 4 GeV to reject background LHCb-PAPER-2019-033

> Signal obtained from meo, = /m(J/Put)? + p? + p, using templates
v' Signal, feed-down: simulated B - J/yutv, ¥', x. u*v, J/Y1Tv decay

v Background: inclusive b — | /i decay from simulation

§350| L L L L A LR IR B 5\1400_4 L B B B B
8 (a) LHCb 7 TeV B —=Jhyuv 8 1200 :_ (b) LHCb 13 TeV B;—>J/1/J,U‘V_:
; —+ Data ; 1000 - —+ Data .
= — Total fit = 3 — Total fit E
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:_c'z Background :-c-z 600 Background -
o o) " N
5 § 4074 A\ 7 Bex v 3
&) O C B—=Jhpt Vv .
200 -]
0 X i SRR B TS this oLk 1T T 3

5 6 7 8 9 10
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Almost background free. Total yields: 4K at 7 TeV and 15K at 13 TeV, about X3 larger
compared to Bf — J/ym™. Losses due to pr and other selection criteria.
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B production with SL decays %%

* pr(B}) estimated from pr(J/Yu™) using simulation LHCb-PAPER-2019-033

" (a) LHCb simulation
[ 13 TeV Bi—=Jhpyv

—
~

T

A good B} decay model is required.
Both Ebert [PrDS2(2010)0340191 and Kiselev
[arXiv:0211021]1 models studied and found
to agree with data.
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Primary production of B /21" is very tiny, < 10% of ] /i

Enhanced production of BC+ /BT and X /AL, have we confirmed
enhancement of B /B and D /D?
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Summary ﬁ'ﬁ[\a

« LHCb, with excellent design for heavy flavor, measured almost all possible
bottom/charm production in pp data
e Summarized
Those accessible in heavy ion data
> Open charm: abundantly produced, sensitive to PDF with x - 107°.
Reference for measurements in heavy ion data
» Open beauty: subjected to small branching fraction, not difficult in pp
» Fragmentation: reference to understand coalescence in medium

» Quarkonium: reference to relative suppression in nuclear matter
Those not deeply explored —_

» Quarkonia polarization: recombination L}E(ljb measurements using ~
> Ne» Xcj» Xc1(3872): sequential suppression fb™" data

=++ . :
> “C_I_C Dissociation and enhancement May be able to see signals with
> B; from recombination PbPb collisions of ~10nb™!, and
— pPb of ~1 pb-!

Is the detector good enough to

Many thanks to the organizers resolve these decays?

Michael, Francesco, Yasmine...!
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CMS measurement of AL

PbPb 44 ub™, pp 38 nb™” (5.02 TeV)
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Non converted y. in pPb data ey
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