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LHCDb heavy i1on collision modes
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Recent heavy-ion results

* Results in Collider mode
» Open heavy flavor in pPb collisions DO: JHEP 10 (2017) 090
 Prompt D%nd A} production in pPb collisions at 5.02 TeV 4&: JHEP 02 (2019) 102
B, B%nd A} production in pPb collisions at 8.16 TeV  PRD99 052011 (2019)

e Quarkonium in pPb collisions
* J /4 production in pPb collisions at 8.16 TeV
« Upsilon Y (nS) production in pPb collisions at 8.16 TeV JHEP 11 (2018) 194
* Quarkonium in Ultra-Peripheral PbPb (preliminary)  LHCb-CONF-2018-003

@ Albert Bursche’s talk
' Thursday 15:45

PLB 774 (2017) 159

* Fixed target results
 Charm production in pHe and pAr at 87, 110 GeV  PRL 122(2019) 132002
 Antiproton production cross-section in pHe at 110 GeV PRL 121 (2018) 222001
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Heavy flavor in pPb collisions

Heavy flavor states are sensitive probes to study the properties of the QGP

ﬁlgcb

Phys. Lett. B 782 (2018) 474

27.4 pb™ (5.02 TeV pp) + 530 ub ™ (5.02 TeV PbPb)

. L. C [(m D +DP
Created In AA COIIISlon. 1'6; CMS & charged hadrons
. . . 14l [® IB'lyl<24
* Produced in the early stage of the collisions : rorpromp Jﬁ @ 787eY
C Byl 2.
« Strong interaction with the medium 1'2; Iﬁg:;;r':;ni- * lyl<24
) . . S
» Quarkonium states sequential melting D::E oef :E_‘ﬁ»
 Baryon/meson ratio in charm and bottom sectors probes hadronisation 0'63 %+ ik
. E P + ++I-—
i L. i i 0.4 : m_—g
Heavy flavor in pA collisions provide baseline measurements to 020 DS
- = ent. 0-100%
disentangle cold nuclear matter effects from effects of hot and dense bl ST
medium. 1 10 10
ediu P, (GeV/c)

LHCb well suited for such measurements:

_ Shadowing

]_.6 L T T II\IIIl T rTTI I| T T \IIIII T T \Illlr
14 |- / I
12 |- i I

* Heavy flavor measurement down to p; close to 0 C%
 Separation of prompt and b decay components )
)
— 1.0 IR
Cold Nuclear Matter effects N” 0.8 §
* Initial state: < 0.6 £
e L = 04—
* Modification of nuclear PDF = o2 L
. A L
* Gluon saturation & 0.0 Lol

« Multiple scattering of partons in the nucleus 10" 10”

* Final state
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LHCDb pPb datasets %

* Rapidity Coverage
« y*: rapidity in nucleon-nucleon cms

Forward - R.CHf"f’?éL T * Vems = +0.465
pPb ke, WAL R\ » Forward: 1.5 <y* < 4.0
el /I ) \\;\\\ « Backward: —5.0<y*<-25
3 \ « Common region: 2.5 < |y*| < 4.0
P | \:.\L-'i\,
— CL I * /Syy = 5.02 TeV (2013)
&= nEri . * pPb (1.06 nb*) + Pbp (0.52 nb™)
Backward L) * syn = 8.16 TeV (2016)

« pPb (13.6 nbl) + Pbp (21.8 nbY)

P bp ”/,/7;11(‘11 L/
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8 107k
g 10T E] [
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. C
Prompt D° and A} measurement in pPb at 5 TeV %
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Reconstructed through decay
channel:

D° > K—nt
AY - pK~m*
Inclusive D°/A7 signals from
fitting invariant mass dist.:
 Signal:
Crystal Ball+Gaussian (D°)
Gaussin (A})
» Background: linear

Prompt charm fraction
extracted from fitting impact
parameter dist.:

» Prompt: simulation
« from-b: simulation (D°)
sPlot+MC (A))

« Background: sideband in
data



Rpr

Prompt D? at 5.02 TeV
nuclear modification factor in pPb

1 _ doppp(¥",pTA/SNN)/dX
Rypp (Y™, p1) == X q ; o

*pp reference directly measured

*R,,py, suppressed at forward rapidity
«slight increase with increasing p+

by LHCDb

*R,py, closer to 1 at backward rapidity
* hint of enhancement at large rapidity

2_ LN N B T | L .- LI | T a‘:_’
- =4 LHCb LHCb Wa
[ ESJEPS09LO Syw = 5 TeV .

1.5F — EPSO9NLO ]
C ---nCTEQ15

1 = } _+_ |

0.5F . ]
-’ Backward
L ]
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Models:
JHEP 10 (2003) 046

Eur. Phys. J. C77 (2017) 1 %

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238

A=208

* Measurements consistent with models
with nPDF, CGC
* Results constrain nPDFs in low x

PRL 121,052004(2018)
arXiv:1906.03943

(6§ JHEP 10 (2017) 090

2 ——r —— —— —— —— L B L L L
L -+ LHCb | LIHCb I =+ LHCb prompt D’ LiCb ]
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l ——— S e
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Charmed baryon/meson production ratio
R+ /po at 5.02 TeV

% 06 — ' T
= LHCb PPb \ s =5TeV
1.5<y*<40
0.4
02 Eepsosro
. EPS09NLO
. ncreats Forward
- —¢— data
ot
2 4 6 8
P [GeV/

(6§ JHEP 02 (2019) 102

» Sensitive to charm hadronisation

mechanisms

AD°

k
R opar(V', 1)
AY /D0 =
/P Gpo(¥*,pT)
0.6 ———— ————————————
[ LHCb PPb | s=5 TeV |
. —4.5<y¥< =25
0.4+ . _
0'2__ — EPS09LO 7]
e Backward
F  —¢— data
Ty T T e s o
pT[GeV/c]
* Forward:

» Model based on measured pp cross-section

* nPDF uncertainty mostly cancel
 EPS09LO & EPSO09NLO similar

* nCTEQ15 slightly lower.

10/17/2019

AL1D°

Models:

ﬁlglcb
Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238

L s S B s s B B B S B

1.4 ALICE A l ICE
- ® pp, \s=7TeV,Ilyl<0.5

1.2~ = p-Pb,\|s,, =502TeV,-0.96 <y <0.04 -

|

C LHCb
1.0 o pp, (s=7TeV,2<y<45

08 JHEP 04 (2018) 108 |
s H@H@%—H— E

04l- g -
0.2f- ﬂ—ﬂﬂ -
0gp—

pT(GeV/c)

« Consistent at lower p+
« Below theories at higher p

Backward:

 Consistent for all p;

Consistent with LHCb pp results ~0.3
Lower than ALICE points in midrapidity

for both pp and pPb

Implications workshop



Beauty hadron production in pPb at 8.16 TeV %

PRD99 052011 (2019)

Bt - DOt B* - J/YK* B > D m*
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10/17/2019 Implications workshop 9



. C
b-hadron production in pPb at 8.16 TeV %
B nuclear modification factor PRD99 052011 (2019)

1 , doppp(¥Y",pTA/SNN)/dX

Rppb (V" 1) = 4 X e ey =208

*pp reference interpolated between 7 & 13 TeV * Measurements consistent with

measurements from LHCb calculations with nPDFs EPPS16 and
*R,,py, suppressed at forward rapidity nCTEQ15
*increase with increasing p « Consistent with J /y-from-b
* Ry,py, consistent with 1 at backward rapidity * Trend similar to D° Ry,py,
SE e 'ég}:;;l's[; ] Ee T +Dua SETHOe et wpm 2
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HCD
b-hadron production in pPb at 8.16 TeV m

Production cross-section ratio PRD99 052011 (2019)
e 2T T g {2‘5_""|""l""l""_
% 1.8F LHCb +B°/B* pPb/Pbp 3 2 | LHCb +B%B* pPb.25<y<35 ]
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-

L il -f

03 8

1.4
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0.8F
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lIIIIlIIJlIIIJlIIIIlIIIIIIIII

¢ RBO/B+
* No significant dependence on rapidity and p-

’ RA?,/BO
« ~0.4, no strong rapidity dependence
 Similar values observed in LHCb pp measurement JHEP 08 (2014) 143

* Decreases with prwhen p;>5 GeV/c
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Prompt and nonprompt J /¢ in pPb at 8.16 TeV %

e Sources

« Prompt: direct production, feed down from heavier states
1/)(23), XC
* Nonprompt: from-b-hadrons decays

 Reconstructed through [/ — putu~

* Prompt and nonprompt (from-b-hadrons) separated: the
pseudo proper decay time
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t, =
Pz
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R pPb

HCD
Prompt J /v at 8.16 TeV m

nuclear modification factor in pPb PLB 774 (2017) 159

1 _ doppp (Y 0T/SNN)/dX

» pp reference: interpolation of LHCb measurements at 7, 8 and 13 TeV

, A=208

« Forward rapidity: suppression up to 50% at low p-, decreasing with increasing p
» Backward rapidity: closer to unity
» Overall agreement with models with large uncertainties on the gluon PDFs at low x

« Results constrain NPDFs in low x down to x~7 x 10~% prL 121,052004(2018)
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L .. HELAC — Onia with EPS09NLO - L. HELAC — Onia with EPS09NLO 5 BB Fncrgy Loss 1
1.5F CGC - 1.5 4 LHCb(8.16TeV) - 1.5 cGC -
[ 4 LHCb(8.16TeV) de i i | i 4 LHCb (5TeV) ]
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S R _
0.5 :j—++ ] 0.5 B de ] 0.5 B W”@:
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[ 15<y <40 | [ —50<y <25 ] [ 0<pr<14Gevie
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HCD
J /Y-from-b-hadrons at 8.16 TeV m
nuclear modification factor in pPb PLB 774 (2017) 159

1 _ doppp (Y 0T/SNN)/dX

* — =X
Rppb(y ,Pr) A dopp(¥Y*,pTA/SNN)/dX

pp reference: interpolation of LHCb measurements at 7, 8 and 13 TeV

, A=208

Forward rapidity: smaller suppression up to 30% at low p+, reach unity at higher p;

Backward: compatible with unity
FONLL with EPSO9NLO consistent with data
» Compatible with 5.02 TeV results

EPS09 JHEP 04 (2009) 065
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(d26)/(dp._dy*) [nb/(GeV/c)

Y (nS) in pPb collisions at 8.16 TeV %I_\a

JHEP 11 (2018) 194

& _
: : . L600F - .
New differential analysis using 2016 pPb data > | LHCb $y=8-16 TeV. pPb 3
. . . . . CDSOO—_ -
Nice Y(35) signals in forward and backward configurations =>"f ™ res) :
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HCh
Y (nS) nuclear modification factor m

JHEP 11 (2018) 194
1  doppp (Y ,pTA/SNN)/dX
R * = - x L . A=208
pr (y pT) A do_pp(y*:pT: ’_SNN)/dx
pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for both states, compatible with nPDFs
Backward rapidity: Y(2S5) more suppressed than Y(15), consistent with

nPDFs+comovers calculation

2F T T T T 7 2_ | LI B I

2. “F '—4— pPb. Pb 1 & "4+ pPb, Pb :
**Q:il B LHCb léppsmp 1 SEL8E LHCb IIZ:PPSI6p E
1.6F nCTEQI15 3 i 6; | nCTEQ15 g
14F ] EPSO9LO+comovers 1.4F ] EPSO9LO+comovers

125« [ nCTEQI5+comovers 1.2E«® ™, [ ] nCTEQI15+comovers

0.4F

: p.<25 GeV/c E 04F p <25 GeV/c ++ 3

- Y(1S) - E — Y(25) :

02t sNN_s 16Tev 1A O2F (s=8.16 Tev ~ 11e2) 3
- —2 0 2 4 T o 2 4

y* y*
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Double ratio

mT(nS)/T(lS) o R(T(”S))prIPbp

(pPb|Pbp)/pp

R(T'(nS))pp

R(Y(nS)) =

Double ratio of Y(nS)/ Y(1S) in pPb and pp
Y(3S) more suppressed than Y (2S) in the backward rapidity

Suggests final state effects...

Agrees with predictions of “comovers” model

[U—
TTT

%I-‘?‘

JHEP 11 (2018) 194
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Candidates / ( 13 MeV )

J /4y in PbPDb ultra peripheral collisions

i

LHCb-CONF-

2018-003

* ]/ — u*u~ inultra peripheral collisions (UPC) PbPb collisions at 5 TeV

* First preliminary result by LHCb on PbPb collisions

 Coherent J /4y photo-production

10° ' LI'-ICb l;relim'inary' - —«-data
8  Pb-Pb |5y =5 TeV — Iy
oo NN — y(2S)
10 ‘ -=- nON-resonant
sum

M 1 " " M M M M "
3000 3500 4000
Dimuon mass [MeV]
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Albert Bursche’s talk

Guzey et al.

— LTA_W

w— LTA_S

= EPS09

Goncalves et al.

= [P-SAT+GLC

=== [IM+BG

Cepila et al.

== GG-hs+BG
GS-hs+BG

Miintysaari et al.

=== I8 fluct. +GLC

=== no fluct. +GLC
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Fixed target physics

Gas Injection

JINST 9 (2014) P12005
LHCb: only experiment at the LHC can operate in fixed-target mode

The System for Measuring Overlap with Gas (SMOG) allows the injection of a small
amount of noble gas into the LHC beam close to the interaction point

Allows p-gas and ion-gas collisions (He, Ne, Ar,... ~ 2 x 107 mbar)
VSyn = 69-110 GeV between 20 GeV (SPS) and 200 GeV (RHIC)
—28<y*<0.2

Access nPDF anti-shadowing region and intrinsic charm content in the nucleon
107
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Fixed target physics

LHCb: only experiment at the LHC can operate in fixed-target mode

JINST 9 (2014) P12005

The System for Measuring Overlap with Gas (SMOG) allows a small amount of noble gas

injection inside the LHC beam close to the interaction point

Allows p-gas and ion-gas collisions (He, Ne, Ar,... ~ 2 x 10”mbar)

. /Sy = 69-110 GeV between 20 GeV (SPS) and 200 GeV (RHIC)

¢ —28<y*<0.2

» Access nPDF anti-shadowing region and intrinsic charm content in the nucleon

c oA

o =5
g _ y =35

§ | ¢ arXiv:1612.05741v1 y=5 y=3.5 y=2.5 0 3 Y= =2.5

,) T T ITIIH] T T IIIIHI T T TTTTTT T T TTTTTET C ':

[ - ]
° 14 - B 2 ‘l‘ l 1. ]
B 19 [ i i _8 1072 | Wlth Intrinsic charm —
© L ] = E , . v
£ 1.0 _bu_- i "3 N
5 0.8 s 3 © _3 With no \\", |
o i - A0 £ Intrinsic charm '
g 00 = Eprsicyflli ;
o2 04 F e EPS00 = BHPS with CTEQ6.5 :
g r R | [ 1074 | = '
g 02 + —— l)ggz I E E C,C at u = 2 GeV ,E
g () () L 11 1111111 1 1 lllllll 1 1 1111111 11 111’1‘r a C lllll - lllll A
p 4 A n 1 < 103 10~ 2 « 101 100
= 10 10° 10~ 10 | @) .
n T LHCb LHCb
E Bjorken-x = fraction of the nucleon momentum carried by a parton
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Data samples: %

 Measurement of J /3 and D production:
* pArat.syy = 110.4 GeV (2015)
e ~4x 1022 Protons On Target v BQSZ;G::,

B 4000 GeV
B 6500 GeV

* pHeat./syy = 86.6 GeV (2016)
« ~5x 1022 Protons On Target
Lyye = 7.6+ 0.5nb™?

protons (Pb) on target [10%)

pNe pHe pAr pPATr PbAr pHe pHe pNe pNe
2015 | 2016 | 2017

« Measurement of antiproton production:

* pHeat/syy =110 GeV (2016)
* Lype ~0.5nb™!

Epeam(P) pp p-SMOG | p-Pb/Pb-p |Pb-SMOG  Pb-Pb
450GeV | 0.90 TeV
1.38TeV | 2.76 TeV
2.5TeV 5TeV 69 GeV
3.5TeV 7 TeV
4.0TeV 8 TeV 87 GeV 5.TeV 54 GeV
6.5TeV 13TeV | 110 GeV 8.2TeV 69 GeV 51TeV
Run3&4-> 7.0TeV 14TeV | 115GeV | 8.8TeV 72GeV | 55TeV
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Charm production in fixed-target pA collision

o(J/y) [nb/nucleon]

C

PRL 122 (2019) 132002

« J/y and DO inclusive cross-section in pHe collisions at 86.6 GeV
« First determination of cc cross-section at this energy scale

 Cross-section measurement agree with pre
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Charm production in fixed-target pA collision &

(68 PRL 122 (2019) 132002
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2 F i oo ERP N =Tt DT e | DTS WINETENSS
= F P 5 = r ) - — | _
Z 0.8 -"“pp CTI4NLO — 2, 08| | ElpAr CTISNLOMCTEQIS == 10 = ©,C at u — 2GeV
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« Differential cross-section (pHe @ 86.6 GeV), differential yields (pAr @ 110.4 GeV)
» Reasonable agreement with Helac-Onia predictions in rapidity shape
¢ -2.53<y*<-1.73 - 0.17<x<0.37 Vodels.

. i intringi St Eur. Phys. J. C77 (2017) 1
No evidence of strong intrinsic charm contribution observed Cormput, Phvs, Commun. 184 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238
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_ .. . C
p production in pHe collisions

PRL 121 (2018) 222001

AMS02, PRL 117, 091103 (2016)

_ | >0 FT — T
é PAMELA 2012 B0 E LHCb
¢ AMS-022015 T 180 - pHe — pX 04< p _<07GeVie
< 160 - Vo = 110 GeV
=140 -

=

10~}
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IIJlIHjIﬂ‘II IHlIHlIJLllllllllllllllllllI

10-5F — Fiducial 40
Uncertainty from: Cross-sections p [GeVic]

Propagation = = T T r .

. Primary slopes é’ 140 = LHCb =

Solar modulation T 120 o 5&3 - pX 07<p <12GeVic -
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1 5 10 50 100 S0z, - E
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AMS-2: possible anti-proton excess at high energies

p/p ratio predictions limited by uncertainties on p _
production cross-sections, particularly for p-He p [GeVic]

. ; 35 — T T T T L T =
Prompt production at \/syy = 110 GeV 8 wE ™. LHCh o asGeve e
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. HCD
Conclusions m

 Production cross-sections of open charm and beauty hadrons in pPb collisions at
5.02 TeV and 8.16 TeV

* Precise prompt D® meson measurement down to zero p+. Relative suppression to pp
collisions in the forward rapidity observed.

« Prompt Af/D° ratio consistent with theoretical calculations and pp results

 First measurement of b-hadrons using exclusive hadronic modes. Smaller relative
suppression in the forward rapidity than D® meson at low p-.

- First direct measurement of A% baryon in heavy ion collisions.
A3 /B ratio ~ 0.4
 Production of quarkonia in pPb collisions at 8.16 TeV

 J/: relative suppression similar to open heavy flavor results
* Y(nS): relative suppression of Y(nS) states observed in pPb

 Fixed-target mode (SMOG)
« Charm production: no evidence of strong intrinsic charm contribution
 Antiproton: valuable inputs to astrophysics



Conclusions

e For the future:

» Upcoming results:
« DY and Z production cross sections in pPb at 8.16 TeV
X(3872) and ¥ (2S) in high multiplicity pp collision at 8 TeV
Charmonia in UPC PbPb (2018)
Various ongoing analyses:
Charmed hadrons, direct photons, y., V°, etc. in pPb, PbPb and SMOG data

2018 PbPb dataset (20 times larger than 2015)
pNe and PbNe data sets at 69 GeV

Upgrade of SMOG system: SMOG2
* More gases (H,, deuteron...)
» Density of the target gas increase - luminosity increase up to a factor of 100
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Backup
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HCD
Prompt charm production at 5.02 TeV m
forward-backward production ratio
_ o(+y*l, pr)
o(—=ly*l,pr)

Compared to Helac-Onia calculations incorporating different nPDFs
» Model parameterisation constrained by existing LHC pp cross-section measurements

FB

Rgg does not need results from pp collisions.

Consistent with nPDF predictions within uncertainty

D? meson show smaller uncertainties than nPDF calculations
ik JHEP 10 (2017) 090 (K6 JHEP 02 (2019) 102
T T T — 1T . 1 . . T T

m L g ‘N o
Qﬁh - LHCb . CELL i (a) /12._ LHCb pPb \s=5TeV ]
' Vs =5TeV - !
0.5
i Data I EPS09LO ]
I Total | EPS09 L.O 0 1 | ESJEPSONLO 55 |y#<4.0 p_<7.0GeVie
uncertainty - —EPS09NLO D . | AT 55 <y <35 p, 27.0GeVie
L ...nCTEQIS ! ol T
Usyst R e e S 2 4 6 8 10
uncertainty 0 2 4 6 [SGeV/cl]O Models: p.[GeV/c]
Pr Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562
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Charmed baryon/meson production ratio %
R+ /po at 5.02 TeV

GG JHEP 02 (2019) 102~ 4 2 o

5 [
< LHCb
z L

0.5

» Sensitive to charm hadronisation
mechanisms

* Model based on measured pp cross-section

» nPDF effects mostly cancel

EPSO9LO & EPSO9NLO similar
nCTEQA15 slightly lower.

« Slight increase with increasing p

10/17/2019

T T T T T T
—EPSOSLO |
--- EPS0NLO
------- nCTEQ15
—4-data
- -~ ALICE
= mm&mﬁ
| pPb |5 =5 TeV
20< p_<10.0GeV/c
1 n L T- 1 L " L 1 " " n | "
2 4
yif
)

Models:
o+ (Y Eur. Phys. J. C77 (2017) 1
At pr) Comput. Phys. Commun. 184 (2013) 2562
opo(y*, 1) Comput. Phys. Commun. 198 (2016) 238
DD [T ' T ! I ! ' ' T I ! ' '
Z 14 ALICE ALICE
+<° @ pp,\s=7TeV,lyl<05

1.2~ = p-Pb, |5, =5.02TeV,-0.96 < y <0.04 -

C LHCb
1.0 o pp, (s=7TeV,2<y<45

08 JHEP 04 (2018) 108 |
s H@H@%—H— E

0.4; L _H_—E— E
0.2 ﬂ—ﬂﬂ -
i
Forward: p. (GeVic)

« Consistent at lower p+
« Below theories at higher p

Backward:
 Consistent for all p;

Consistent with LHCb pp results ~0.3

Lower than ALICE points in midrapidity
for both pp and pPb
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b-hadron production in pPb at 8.16 TeV %
B*, B%nd A} forward-backward production ratio

« B* production suppressed in the forward rapidity region compared to the

backward.
» Limited statistics to observe clear trend wrt p
« Consistent with nPDF expectations _a(+ly*l,pr)
_ FB = /7 1.x
« Small uncertainty on B* Rgg compared to nPDF a(=ly*l,pr)
- Consistent Rpg between B*, B%and A}
m 2T T T T T T T T T T T T T ] m 2T T T "7 """
%LL 185— —4— Data B*, pPb/Pbp LHCb _E Q:u- 1.8 :_ +B+ pr/Pbp LHCb _:
L6F EAEPPSIS Vs = 8.16 TeV 165— 4B [Srn = 8.16 TeV 3
o DHCTEQIS . * E 'é'AO E
L4E  Eppsier E 14F ’ 3

==

0.2 ;— 25<y| <35 _; 0.2 3 25<| <35 E
O — . : PR SN (NN TN SN TN TR N SN SN SN S NN SN S S f_—
0 5 10 pl 5 [GeV/C2]0 0 5 10 15 20
T GeV/c
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b-hadron production in pPb at 8.16 TeV
B%and A} relative modification

 forward rapidity: consistent with 1
« backward rapidity: hint of more suppression for A}.
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Prompt and nonprompt J /¢ in pPb at 8 TeV ﬁ

PLB 774 (2017) 159

- Separation of prompt and nonprompt o+ i U -
- Y o
J /¥ with p down to O 02f  vww e -
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b
Prompt J /1y at 8 TeV %ﬂ

forward-backward production ratio e

2207 1 o207 71—
€ | Dombcomaeieo (& AN
R _ da(+|y*|,pT)/dx I ;’\ HELAC — Onia with EFSOONLO ] I + LHCH (B16TeV)
FB — d " 1_5_— LHCb (5TeV) 5 -1_5__ .
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Y(1S) nuclear modification factor

Rpr (y*; pT) =

1

A

doppp (VY PTA/SNN)/dX

A=208

dopp v*.prA/SNN)/dx ’

ﬁlgcb

JHEP 11 (2018) 194

pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for for Y(1S5) and Y (2S) states, compatible

with nPDFs

Backward rapidity: Y(2S) more suppressed than Y(1S5), consistent with

nPDFs+comovers calculation
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Y (2S) nuclear modification factor

1

doppp (VY PTA/SNN)/dX

Rppo (¥, Pr) = - X

dopp v*.prA/SNN)/dx ’

A=208

ﬁlgcb

JHEP 11 (2018) 194

pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for Y(1S5) and Y (25) states, compatible with
nPDFs
Backward rapidity: Y(2S) more suppressed than Y(1S5), consistent with

nPDFs+comovers calculation
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C

J /Y production in fixed-target pN collision

: : : Phys. Rev. Lett. 122 (2019) 132002
« Differential cross-section (pNe @ 86.6GeV)

 Differential yields (pAr @ 110.4GeV)
 Helac-Onia underestimate the J /1 cross-section by a factor of 1.78
» Reasonable agreement in rapidity shape

10°

B 800 = Hes | Suy = 86.6 GeV pHe E T VE LHCb | s, = 86.6 GeV pHe E
700 & - > C .
% F —— LHCb data 3 3 C —— LHCb data ]
= 600 - @l pHe x 1.78 CT14NLO+nCTEQI15 — =4 L — @ pHe x 1.78 CT14NLO+nCTEQ15]
£ 500 pp x 1.78 CT14NLO = g e s S p— pp x 1.78 CTI14NLO -
"2 FE —— Linear interpolation 3 e - —— Linear interpolation
= 400E - Logarithmic interpolation .. = £ 100 Logarithmic interpolation — p Ne
5 3005 = = F 3
= E s 3 3 -
T5200E E § ; | @ 86.6GeV
il E " = E -
5100 3 g
S 16k = = 3 : | e
2 i : 3 S e 2
= SE _ i - ,:—6—' - B = TE. ++ IHTEH S
S e I 1 o :
E 04 ‘ = E 04F ‘ 3
=2 -1 0 0 2 4 6 8
y* 2N [GeV/c]
L. [ LHCD |5, =110.4 GeV pAr 1 T E LHCD | 5, = 110.4GeV pAr 3
> | —— LHCb data — = L . —+— LHCb data ]
= C B pAr CT14NLO+nCTEQILS 3 3 - B pAr CT14NLO+nCTEQIS -
Z 0.8 pp CTI4NLO i = S — pp CT14NLO i
> - —— Linear interpolation O = —— Linear interpolation pAr
Z:; 0.6 - Logarithmic interpolation m—*—i = 107! = e Logarithmic interpolation —
S GuF R E 2 F ) . @ 110.4GeV
0‘4 — e — Z [ —
- 4 ES ~ —
0.2 s . 3 z L i
= ! | = I I
© 16E j = o 16E =
- E 3 E 3
zZ t ¢ 3 ZODE gt ; :
E 04F ‘ - 3 04F ‘ =
10/17/2019 -2 - Implications w8rkshop 2 4 6 8 36
y* 2N [GeV/c]



