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Why quarkonia in pPb?

* Quarkonia states are a benchmark for QCD studies

- produced in the initial state of the collision

- probe of QGP in PbPb == Sequential melting Y (1nS) — y., = w(2S) — J/y
- simpler systems (pPb) gateway to more complex (PbPb)

« Many effects might play a role in pPb:

- ifi I I i HELAC-ONIA: CPC 198 (2016) 238
nPDF modification — (anti)shadowing effects =54 o o G

- gluon saturation — Color Glass Condensate B Ducloucetal, PRD 912018114005 {1 iaiol otate effects

PRD 94 (2016) 074031

- parton propagation in medium — Energy loss  F Arleo, S. Peigné, JHEP 03 (2013) 122

- break up in nuclear matter

} Final state effects

i : E. G. Ferreiro et al., arXiv:1804.04474;
- break up by comoving particles Phys. Le;trﬁg?igizo%)l\és, arXiv:1411.0549

e Different models can describe data, look at
- dependencies (17, pr, 4 /Sy, Multiplicity ...)

- (excited) states
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https://link.springer.com/article/10.1007/JHEP03(2013)122
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.114005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.074031

The LHCDb detector

 One-arm spectrometer at LHC fully
instrumented in2 <7 < 5

M2
SPD/PS HCAL .

ECAL
T3 RICH2 M1

- Tracking system with momentum
resolution

Ap/p=05—1%

- Excellent hadron and muon ID il

Vertex

r ~ B 5
Muon ep = u) ~97% /R B
. misDe(x > u) ~1-3% o A
( eK—-K) ~95% | '%ﬂ% | '
Hadron s s i
| misiDe(r > K) ~5%

LHCb JINST 3 (2008) S08005
LHCDb performance IJMPA 30 (2015) 1530022

- Precise vertexing

= | HCDb specially suited for quarkonia studies:

- Excellent mass resolution even at low pr — Disentangle Y (nS) and y,., states

- Decay time resolution ~ 45 fs — Separation of prompt vs non-prompt contributions
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Forward configuration
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_ &, =13.6nb~!at, [spy = 8.16 TeV (2016) _ &, . =20.8nb! at, /[spy = 8.16 TeV (2016)
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Prompt and non-prompt J/y production at 8.16 TeV TWCH

PLB 774 (2017) 159

Measuring J/w — p*p~ aty [syy = 8.16 TeV

e Improved sample size and precision from 5 TeV analysis (JHEP 02 (2014) 72)

Kinematic coverage:
* Discrimination of prompt and non-prompt contribution with pseudo
(ZJ/I//_ZPV) XMJ/V/ 0 <pT < 14GeV/c

proper time: 7, = P, 1.5 < y* < 4.0 (forward)
—35.0 < y* < — 2.5 (backward)

e Simultaneous fit to MM+ﬂ_ and 7.

o B ol 1 ]
§ 1200~ 6 <p_<7GeV/c LHCb — = 0 LHCb -
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g 800 L PromPt /¥ B % 40<y* <35 ]
S i \ | = - .
2 | A ‘ el ' E
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2013-052.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-014.html

Prompt and non-prompt J/y production at 8.16 TeV TWCH

PLB 774 (2017) 1
RPTOMpla s Rfrom—b VS y* R _ O-pr (2017) 159
= : . Comp. Phys. Comm.
pPb pPb PPb = 908 . Gy, - HELAG-Onia +nPDF:  {grb.Fhy> com
Models for -
 Clear suppression in forward region prompt { - Energy Loss |- Areo, (82'0'31‘;'??26’2
e Higher suppression in prompt vs non-prompt B. Ducloué et al.,
g PP promp promp . - CGC (forward) .= 91“‘(32‘(’)‘112)91 4005
e Compatible with 5.02 TeV result uHep 02 (2014) 72) i PRD 94 (2016) 074031
. _ MOdel for ) FONLL Wlth EPSOQNLO M. Cacciari et al.,
o Compatible with Rpr of B hadrons (phys. Rev. D99 052011 (2019)) non-prompt JHEP 05 (1998) 007

Prompt J/y Non-prompt J/y
‘Q 2 . O I I I I I I I I I I I I I I I '_O 2 . O I I I I I I I I I I I I I I I
2 [—1HELAC — Onia with EPS09LO = - [ FONLL with EPSO9NLO
RS HELAC — Onia with nCTEQ15 RS " 4 LHCb (5TeV) ]

« . HELAC — Onia with EPSOONLO <4 LHCbH (8.16TeV)
Energy Loss

1.5 b - 1.5 -
i # LHCb (5TeV) | I ]
4 LHCb (8.16TeV) i}

R e S _

0.5 | prompt J/y 0.5 B J/y -from-b-hadrons |
- 0< pr<14GeV/c . - 0<pr<14GeV/c
I LHCb I LHCb
0.0 ] ] ] | 1 1 1 | 1 1 1 | 1 1 1 0.0 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
-50 =25 0.0 2.5 5.0 -50 =25 0.0 2.5 5.0

Oscar Boente Garcia Quarkonia production in pPb collisions 02/06/2020 S


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2013-052.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052011
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-014.html
https://link.springer.com/article/10.1007/JHEP03(2013)122
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.114005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.074031

Prompt and non-prompt J/y production at 8.16 TeV YﬁC‘é

prompt from—>b
Rpr and Rpr VS D

e Stronger suppression at lower p

« Models describe pr dependence

e Small tensions at low py

Prompt J/y

Non-prompt J/y
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w(2S) production at 5.02 TeV

w(2S) — utu~ measured with 2013 sample (£, = 1.6nb™)

JHEP 03 (2016) 133

oliy (5TeV)  o/W(7TeV)
« Measured ratio R = PP X , R¥S = RIV R
J{;’g(S TeV) 0"’(25 )(7 TeV) PPb pFo
%p

[ PRC 95, 034904 (2017)
JHEP 12 (2014) 073
PLB 790 (2019) 509

Observed also in inclusive measurements of PHENIX, ALICE, CMS, ATLAS / | EPJC 78 (2018) 171

Stronger suppression of prompt y(2S) with respect to J/y in backward

™

Fraction from b limited by statistical uncertainties — stay tuned for update with 8 TeV data! (x20)

Prompt y/(25) Non-prompt y/(25)
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1F 15 . e IR
08F = TROnm—— 0.8F i
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0.4 0.4F -
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-058.html

>

e Quarkonium suppression probes deconfinement in PbPb

JHEP 11 (2018) 194

Y (nS) sequential suppression observed in PbPb by CMS and ALICE (pLg 790 (2019) 270, PLB 790 (2019) 8¢)

» Important to explore CNM effects in pPb to understand results

Double differential analysis

with 2016 sample

Measured differential cross-
sections, R py, and Rgy for all

Y (nS) states

Y (3S5) signal in forward and

backward rapidities \ 0=——
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Pbp 3072 £ 82 679 4+ 54 159 £ 39 19.3nb~!
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9 10 II 11 II
M(utu) [GeV/c?]

0

Kinematic coverage:
0 < pr <25GeV/c

1.5 < y* < 4.0 (forward)
—5.0 < y* < — 2.5 (backward)
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https://www.sciencedirect.com/science/article/pii/S037026931930022X?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269318309973?via=ihub
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-035.html
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Y (nS) production at 8.16 TeV

RY(5and RY(ZS) yg y*

JHEP 11 (2018) 194

pPb pPb
* Forward: suppression for both states, Predictions:
compatible with nPDFs Eur. Phys. J. C nCTEQ15: Phys. Rev. D93
(2017) 77: 163 (2016) 085037
e Backward: enhanced suppression for Y(25), EPPS09: JHEP 04 (2009)  Comovers: arXiv:
- 065, arXiv:0902.4154 1804.04474; Phys. Lett.
predicted by nPDFs+comovers B749 (2015) 98, arXiv:
1411.0549
2 U 2o T T ey
Z&1REb p P E Q21 qb p P e
*Q:ml'gg LHCb EPPS16 : >~£5~1'8 LHCb EPPS16 :
1.6F I nCTEQI15 E 1.6F I nCTEQ15 E
14F [ ] EPSO9LO+comovers 14F [ ] EPSO9LO+comovers
12 _ ™ [ ] nCTEQ15+c0movers__ 12 _ | | nCTEQ15+comovers__
1 r : = \ — = 1 : : .
0.8 e 0.8 fA%\ 3 ;
06;_ i o < “; 06: 5 & —;
04F p <25 GeVic . 04F p <25 GeVic 4T -
02F o = = 02F _ =
0: . L?NN_.S..IP.T.eY I T O: . L?NN_.S.°1|6.T.6\., N B
2 0 2 4 4 -2 0 2 4
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https://link.springer.com/article/10.1007/JHEP11(2018)194

Y (nS) production at 8.16 TeV

JHEP 11 (2018) 194

RYUSand RY3S ys I S B B e e T o B B I B
pPb pPb Pt SA&18F LHCb —+ Pbp 1 S=18FLHCD —+pPb 3
g 16:_ EPPS16 1 & 16:_ EPPS16 E

TE ~InCTEQI15 ] TE " InCTEQI5 .

e Clear suppression in forward L4r E L4F E
region 1.2 SR 1.2F s
é:z : 1 —;

e Compared with nPDF predictions 0.8% + . 08F . :
(same for Y(15) and Y(29)) 0.6F = 0.6F T 3
04k 1 gap+ E

Eur. Phys. J. C (2017) 77: 163 i =5.0<y*<=-2.5 : E 1.5<y*<4.0 ]

nCTEQ15: Phys. Rev. D93 (2016) 085037 0.2F San=38-16 TeV - 0.2¢ |'Sxn=8.16 TeV 3
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@) N 2 e [ 2
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-035.html

Y(ns)/ Y(1s)
(pPb|Pbp)/pp

R(Y (n5)),pb|pbyp

R(Y(nS)),,

[SE N

(pPblIPbp)/pp

[y
N A O 00 N

Y (25)/ Y (1S)

e Consistent with comovers model

JHEP 11 (2018) 194

e Double ratio of Y(25) and Y(35) over Y(15) in pp and pPb

- Interaction with particles close in phase space dissociates the bound states

- Suppression linked to comover density

Y(25)/Y(LS)

- LHCDb

+ LHCb =

comovers

p <25 GeV/c
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https://link.springer.com/article/10.1007/JHEP11(2018)194

x.1 and y., studies at LHCDb

o Measuring y,| ., = J/w( = p*p™)y with | /syy = 8.16 TeV dataset

 Analyzing pPb and Pbp datasets

Analysis ongoing... stay tuned
e Two strategies to identify the y :

- converted photons (y — e*, material interaction) - non-converted photons (using calorimeter)
VY T | T T T T | T T T T | T T T T VN j<1I0:I3 T T | T T T T | T T T T
N& 300 :_ LHCb Preliminary _: Ni'\’ ~ LHCb Preliminary E
> [ pPb sy =8.16 TeV § > O pPb sy =8.16 TeV B
> 7250  converted photons _‘ > E non-converted photons E
= B 1.5<y* <40 3 o S5 15 <y%, <40 -
2000 n : = F pr>30eVie ]
g § L e . N X -
= - ] = L T T S < SUNRPR e y
> 150 - g ]
e Ty . b 3 ]
100F- ' 7 o E
50F /\ = | f— _f
O :I | | | | | | | | | | | | | 1>l | | | | | | | | | | | | | : :I | | | | | | | | | |4/>I\|‘L | 1 | | | | :
300 350 400 450 500 550 %50 300 350 400 450 500

M(uwruy)-M(u'w) [MeV/c?] M(uwruy)-M(u'w) [MeV/c?]
LHCB-FIGURE-2019-020
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https://cds.cern.ch/record/2699041

Conclusions

e LHCDb has an unique program on quarkonia studies in proton-lead
collisions

- Jly, w(2S) and Y(nS) at 5 and 8 TeV with dimuon decay channel

- Stronger suppression at backward rapidity for both charm and beauty excited states
— described adding final state effect

- Crucial to understand sequential suppression in PbPb

- Updates on y/(2S5) and y,, expected soon

e Just the tip of the iceberg! Many possibilities ahead...

- Studies vs multiplicity? See Cameron Thomas Dean talk on X(3872) vs multiplicity
(Wed. at 12:25)
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Prompt and non-prompt J/ 1// production at 8.16 TeV Y“C;)
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= 10*F Iﬂfﬁ* 1 & 10°E i%* -
* —— = * -o— A 3
e = > C g
do SIE e = S 2 e,
for non prompt J/y Fls10° +_’+'_,+_5'::—:._‘-_;;, =I5 10° 3 e
dedy* i +_+_Z?>Z:F i +_+_+ S
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Comparison

Phys. Rev. D99 052011 (2019)
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w(2s) production at 5.02 TeV
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