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LHCb experiment e

. . , JINST 3 (2008) S08005
Aiming for precision measurements in b, ¢ flavor sectors IJMPA 30 (2015) 1530022

Acceptance: 2 <n <5
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LHCDb experiment
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LHCb fully instrumented in the forward region (2 <7 < 5)
» Measurements in a unique kinematic area: low pr, large y, very small or large x
» Complementary to other LHC experiments
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LHCb experiment e

JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022

Vertex Locator (vertex reconstruction)
* Impact parameter resolution: 20um
. Decay tlme resolution: 45 fs (75~1.5 ps)
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LHCDb experiment e

JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022

RICH detectors (K /m /p separation)
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LHCDb heavy 1on data %

* LHCD collected pp, pPb, PbPb/XeXe, and p- or Pb- gas collisions

» Atdifferent center-of-mass energy (/Syy) and rapidity coverage
LHCb rapidity coverage in rest frame

Collider mode: forward/backward rapidity

sw =15, 8 TeV sy =5.0 TeV ] e B
p-p .
P Pb Pb Pb | PbPb/XeXe ==/

Fixed target mode: mid or backward rapidity, p-GAS

energies between SPS and RHIC

Sy =110 GeV =69 GeV
e @ e

P Gas
(He Ne, Ar...) Gas (Ne, Ar)

GAS targets] He, Ne, Ar,|Kr, X¢ =) Different sizes of colliding system

L Dataalready available
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e

Open charm production in pPb collisions

Data: D°: JHEP 1710 (2017) 090
JSnm = 5 TeV (2013) AF: LHCb-CONF-2017-005

Forward: 1.06 + 0.02 nb'!
Backward: 0.52 + 0.01 nb-!

Backward
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Prompt D° production HIEP 1710 2017 090 %

D° fully reconstructed through D® = K*r T decays
Reconstruction and particle ID efficiency calibrated using data

Prompt D° and D° from b hadrons separated with impact parameter (IP) w.r.t.
primary vertex

Yield extraction fits
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D 0 production JHEP 1710 (2017) 090 %
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logyo(x2(D°)) fits 0.0 - 50 0.0- 50
efficiency 0.6 —17.0 0.6 — 30 . ..
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Nuclear moditication R,py, JHEP”WO”)O%%
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Data agree with theoretical calculations using nPDF or CGC

CGC1:Phys. Rev. D 91 (2015) 114005
CGC2: arX1v:1706.02728
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Nuclear modification Rppb H*EP””(ZO”)”O%
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» Data agree with theoretical calculations using nPDF or CGC

» R, on for DY and are similar
pPb ¥ J/inpPbat STeV:  JHEP 02 (2014) 072

J/Y inpPbat 8.16 TeV: PLB 774 (2017) 159
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Nuclear moditfication R,py, JHEP”W””)”%%
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Nuclear modification for D® consistent with J /i, stronger effect for ¢ (25)
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Forward-backward ratio R

JHEP 1710 (2017) 090 %
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Nuclear parton distribution function %

 LHCb results help to reduce uncertainty for x~107°>,1071
Gluon nPDF in Pb normalized to p
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A} production in pPb collisions A - pk-r*

LHCb-CONF-2017-005
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Forward-backward ratio = LHCb-CONF-2017-005
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Consistently smaller than one, agree with calculations using nuclear PDF
Size of systematic uncertainties comparable with theory band
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* Different proton PDFs for HELAC-EPS09
(CT10NLO) and HELAC-nCTEQI15
(CT14NLO) calculations

* nPDF uncertainties ~1%

* Scale agrees with predictions considering
nPDF, similar nuclear effects for AYand D°

* pr distributions may be different in forward,
to be confirmed with more statistics
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J /Y production in pPb collisions

Data: PLB 774 (2017) 159

JSyny = 8.16 TeV (2016)
Forward: 13.6 + 0.3 nb’!
Backward: 20.8 + 0.5 nb-!
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] / l/) prOdUCtiOIl PLB 774 (2017) 159 %

* Candidates fully reconstructed from well identified muons
* Prompt /i and those from b decay separated using pseudo-decay time () t
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J/W-from-b fraction: f, PLB 774 (2017) 159 %

* fp larger than in pp, prompt J /1) more suppressed in pPb collisions compared to
J/W-from-b
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Nuclear modification

* Prompt J/y: modest suppression in backward, strong suppression in forward
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NUCIC&I’ mo diﬁcaﬁon PLB 774 (2017) 159 %

* Prompt J/1: R,py, increases with pr, strong suppression at low pr
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NUCIC&I’ mo diﬁcation PLB 774 (2017) 159 %

* J/Y from b: R,py, slight increases with py in forward, consistent with being flat in
backward. Suppressed in forward especially at low pr
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FOrward—baCkward ratiO PLB 774 (2017) 159 %

* Rgpp smaller than unity especially at low py, increasing with py

* No evidence of energy dependence
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Productions in fixed-target collisions
LHCb-CONF-2017-001

HCAL

ECAL M4 MS

¥ g \
[/ SPD/PS M3 - \\\ \
RICH2 M1 &
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Fixed targets setup

 Fixed-target beam configuration implements the SMOG “

System for Measuring the Overlap with Gas
» Primarily for high precision luminosity measurements
» Injection of noble gas into interaction region
> Allows to study p or Pb-Gas collisions at different /Sy
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] / l/J and D 0 production n p AT LHCb-CONF-2017-001

* Productions in SMOG at LHCDb probe nuclear PDF especially the anti-shadowing
region (large x), also sensitive to intrinsic charm
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J /Y and D° production 1n pAI’ LHCb-CONF-2017-001

* Luminosity not available yet, only kinematic distributions and cross-section ratios

* p¢ and rapidity distributions compatible with Pythia 8 and interpolations from pC
(HERA-B 41.5 GeV) and pp (PHENIX, 200 GeV)
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PbPDb collisions at LHCb
R

01 Dec 2015 19:24:07

Display of one reconstructed PbPb event



Centrality coverage at LHCb %

* LHCD 1s optimized for low multiplicity events, challenging for high occupancy

* Event activity measurements: counting energy deposited in calorimeters, not
saturated even at large multiplicities

_ — x10°
s: g 45 :_ I ..-I » I _;
=o10° . 2 40FE ) 3
- LHCDb preliminary =] s o E
O _ O 35E LHCD preliminary
2 ol Vsam = 5 TeV e: E
Lﬁ E 30 ;_ \Snn = 5TeV _;
10 Z 25E =
o) = 3
20 E
10 3 _F E
: S 15F —
: £ -
10 E 2 10 =
5 =
, o . 0 M A =

0 20 40 60 0 20 40 60

Ecal Energy [TeV] Ecal Energy [TeV]

* VELO detector (tracking) saturates at ~10K hits = 50% event activity class
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J /W and D° signals in PbPb collisions %

J/Y - ptu

N W W
wn O W

—
9}

10

Candidates per 8.0 MeV/c?
(V]
e}

LHCb preliminary
sy =35 TeV

T A
70%<Event Activity<90% J

. . 1
3100

3200

3300

2900
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0 — o+

D" -> K rm
N, 500F T T T T T T T T T T T T T T
; [ LHCb preliminary 70%<Event Activity<90% J
() L _ ]
S 400f VSan =3 TeV =
< C ]
T 300F -
5 C ]
o B ]
n - |
L 200 ]
= C ]
i) C ]
g 100F =
= - ]
Q B ]
: il - re—jo—9—or 4—ero
1800 1850 1900 1950
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Candidates per 8.0 MeV/c?

Candidates per 8.0 MeV/c?

Full statistics
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j: fR
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L
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Prospects

Heavy Flavor Workshop (LBNL) Yanxi ZHANG (LAL) 33



Events / 2 MeV/c?

Heavy Flavor Workshop (LBNL)

Events / 1 MeV/c?

pPb 2016 (L~13/21 nb1)

- I ! I ! ! ' ! I -
3000 E % LHCb preliminary 3
- * . p-Pb, \sy =8 TeV 3
2500 - + ~13 nb™! =
C L 4 ]
2000 + 3
n + .
1500 * - =
C * ]
1000 - o° ‘., E
raseemanores™ e S N R S
500 =
0 E | L 1 1 L 1 3
2250 2300 2350
Mass(K p*rt) (MeV/c?)
2<10|j T L) T T I T T T =
F .’0 LHCD preliminary 3
600 - s p-Pb, sy =8TeV 3
500 f_ . o ~13 nb! _f
400 - . =
300 - . . 3
200 - . . E
100 - : . =
OM I .'ﬂ'si .
1800 1850 1900
Mass(mtK) (MeV/c?)

o C T T T T T T T T T T T ]
% 180 ;— LHCDb preliminary + —;
= 160 F PPb. {58 TeV E
o - ~13nb’! + .
C 140F E
Z120F 3
5 100F t t E
> C ]
60F #o4 :
40 & 3
4+ ++ + ]

205 Ty 4t ASSL TR

L 1 | 1 L 1 1 | 1 1 1 | 1 s

0 5500 5600 5700

M(A{r) [MeV]

Charm, Double-charm, Beauty, 1(2S),
Xc» Y(nS), DY, W/Z ...

More SMOG data are being analyzed
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Summary %

* LHCD contributes to heavy ion studies, unique (forward) kinematic range

Precise measurements of charm cross-sections in pPb collisions at 5 TeV
» Strong cold nuclear effects observed
» Helping to constrain nPDF

Precise measurement of / /1 productios in pPb collisionsat8.16 TeV
» For both prompt J /1y and J/y from b decay

More analyses with pPb data being performed, results coming out soon

LHCDb unique for SMOG fixed-targetcollisions

Thank you for your attention
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Additional material
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LHCDb experiment

JINST 3 (2008) S08005
Aiming for precision measurements in b, ¢ sectors IIMPA 30 (2015) 1530022
RICH detectors Calorimeters (ECAL,HCAL)
(K /m /p separation) (e/y identification)
Vertex Locator * (K > K)~95% * E/E ~1%®10%VE (GeV)
(vertex reconstruction) * Mis-ID e( — K)~5% HCA
- ECAL Ma M5
o ([P resol_utlon. ZOurp SPD/PS M3 |
* Decay time resolution: 45 fs Maoad HY g M2
(tp~15 ps)’ T3 B
il
[RICH1
rte
ogat
RN HEL g A
\ : { & l | /
/ ' / y Herschel
Herschel 0. 20m, 114m

7.5m, -20m, -114m %

=

”'”
Tracking system, TT T1-T3 ] .
- (particle reconstruction) e ch(im s.)f'vstem
Bending magnet «€(Tracking)~96% (w4 identi 1cat10n)0
bending power: 4 Tm «8p/p ~0.5%-1% (5-200 GeV) ce(u—->w~97%

* o(mp_py) = 22 MeV *Mis-ID e(u —» u)~1—3%
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The data samples rwa ——» <SR
* p-Pb collisions > "Pb il ‘I""E

» /Syny = 5.02TeV (2013): 1.06 nb"! (Fwd) + 0.52 nb-! (Bwd), MB trigger
» /Syny = 5.02TeV (2016): 0.6 nb"! (Fwd), charm hadron/muon triggers
» /Syy = 8.16 TeV (2016): 13.6 nb"! (Fwd) + 20.8 nb"! (Bwd), 10° MB + physics triggers

* PbPDb collisions
» JSvn =5 TeV (2015): 0.4 ub™', MB trigger

* SMOG (fixed target) runs

JSnn /GeV (p/Pb on target, E21)

He 110 (2.4x), 110 (2.7%), 87 (40x)
p Ne 87 (pilot), 110 (0.9x%)
Ar 110 (39X), 69 (0.2x)
Ne 55 (pilot)
Pb Ar 69 (0.2) * Heavily analyzed

* And pp collisions for comparisons
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LHCDb heavy 10on data taking %I_‘?ﬂ

* pPb runs: 2 nb-lat \/syy = 5 TeV (2013), 30 nb-! at \/syy = 8.16 TeV (2016)

LHCDb Integrated Luminosity at p-Pb 4 TeV in 2013 ‘ ‘ ‘ ‘ lep

— i Integrated luminosity Number of events
o — . .
= 3000 ®  Delivered Lumi: 2137.72 fub - Actual pPb M{n!mum B!as PPb
; C q 20 — Actual Pbp <+ Minimum Bias Pbp -2.0
£ _ . Recorded Lumi: 1949.02 jub = c
§2500 - = 3
- = (]
E C a n
- : g
JpE Feet Wl :
£ ook S 10- S E

- ‘é‘ f S

C i 5

— Q

- £

1000 % 5- 053
_ 9 =4
— (7]
o<
500 - /

C 0-2 ! - ! ; - 0.0

C o*° o*° o*° o*° e o*° oY o*°

C e \ﬂ“l N 2 \xlhl \11@1 ql’bl \17’“1 coll cgﬁl

24/01 31/01 07/02 WO WO WO WO WO WO o%
Date

e 2015/2016/2017 LHCb Integrated Luminosity at Pb-Pb in 2015
> Several fixed target data taking periods Detvered Lo 610/
(p-He, p-Ne, p-Ar, Pb-Ar with E,, = 6.5 TeV)

Recorded Lumi: 5.58 /ub

PbPb.2015

Integrated Luminosity (1/ub)
~

»First participation in PbPb data taking .

TTT[TTIT[ T[T T[T T[T I [ TIT T [TIT I [TTT1T
¥

successfully at \/syy =5 TeV,~150 h : e
j =

Date
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pPb data taking (2013/2016) S8

* pPb data collected at nucleon-nucleon (NN) center-of-mass energy /Syy = 5/8 TeV
* NN center-of-mass system shifted by Ay = 0.47 in proton beam direction

HCAL
ECAL
SPD/PS v

M5 \
RICH2 | 2 b

Two beam configurations:

,/ T ) | y * |
p+Pb collisions (forward) P CZ/ | -
Rapidity coverage: (1.5 < y* < 4) Tontrs
data analyzed: L, ~1.1/13.6 nb™1

\b

ECAL HCAL
SPD/PS M3
RICH2 M)

Pb+p collisions (backward)
Rapidity coverage: (=5 < y* < —2.5)
data analyzed: L;,;~0.5/20.8 nb™1

On average, multiplicity higher for Pb+p collisions in LHCb

y*: rapidity defined in NN center-of-mass frame
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Open charm tagging %

* Suppression of hadronic backgrounds
» Displaced tracks and vertex

» Particle identification for kaons and protons
« Separation from non-prompt production using impact parameter

prompt Fs

Pb
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Gluon-Quark PDFs %

=¥ ratios of nucleon PDFs: F'y;(Pb)/Fy(free)

Ly | Q=10GeV’ I Ly | Q'=10GeV* :
> 11 - valence quarks =11+ gluons
O i O
O () | oaflr] o 1_0] ................................
T B, T ,,,,,,,
No: 0.9 — <)—H—IV” b NO, R R
o 08 f immo.s
0.7 —b b . 107 ¢
C . k) —— EPS09 ta
= ts! - po date,
10161- o dataconse® I} DSSZ OO0 omstraints! -~} DSSZ
o5- | HKNO7 - o5+ HKNO7 |
0.4 0.4
10 10 107 107 1 10" 10 10?10 1
arXiv:1401.2345
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Prompt D° production

JHEP 1710 (2017) 090

« DO fully reconstructed through D® — K*r T decays
» Reconstruction and particle ID efficiency calibrated using data
 Prompt D° and D° from b hadrons separated with impact parameter (IP) w.r.t.

primary vertex
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LHCb
—+- Data
— Fit
----- Prompt
@ D'-from-b
Background

Backward
2< P, < 3GeV/e

-40<y*<-35

4
log, (x2,(D")
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Nuclear moditication R,py, H*E“”O(Z“”)”%%

-3

OQ 7i<1IO ! ! | | |
@) - LHCb i
= 0 VSyn =3 TeV ]
B 6F -
s[n i
4b — pPb .
[ | | ]

3 -5 0 5

<
*

Nuclear modification for D° consistent with J /1, stronger effect for 1 (25)
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AT production

~ T T T I I ' ' ' ! 1
(E 3000 = (a) ~+ data E
> F »Pb =5 TeV :
2 2500 F P70 BT 1€ — total E
= - forward b 8 ]
o o .. Pl = AQ -
— 2000 = LHCbD preliminary [ ¢ .
§ 1500 E background =
2 : .
. - .
5 1000 E
S F .
< - .

O 500,
O - % I 2 s e X S a 1 J:

2250 230 2350
m(pK 1) [MeV/c?]
G 3500F [y | E
e s .
o () 2<p, <10 GeVie3
~ 3000 F pPb \sy\=5 TeV 15<y*<40 3
% 2500 E LHCDb preliminary forward
= : ]
S 2000+ Data E
= - —Fit :
O 1500;_ ----- Prompt E
1000 ;— — Al-from-b -;
500 [£JBackground £
0 C
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2
log x2(A"

Candidates / (3 MeV/c?)

Candidates / 0.25
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LHCb-CONF-2017-005 %

' r + r r r 1 T+ r 7 |-
(b) —+— data E
pPb s =5 TeV e

— I -

backward tota 3
LHCD preliminary [ ;* A E
Pl background

s
“
1

l 2250 ' 2300 — 23150 |

m(pK ) [MeV/c?]
T T T ) T T T 3
3 (b) PR 2<p. <10 GeV/e3
E_ pr SNN:5 TeV —45 <Ty* <-25 _E
E LHCb preliminary ¢ backward 3
E_ —+ Data _E
= — Fit =
;— ----- Prompt —;
= — Al-from-b E
= [JBackground E

v_h L1l
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do

A-CI._ pI‘O duction LHCb-CONF-2017-005 %

77—

/’T\ 102 7\ B ' |

§ (a) PPb s=5 TeV § L (b) PP sn=5TeV 4

(05 10 —— LHCDb preliminary (UD) : LHCb preliminary 7

2 —3= 5 C | - ]

E == ——

— . C —_—t— —— E B + _r .
| o107 F —— br;\ i — i
= - :8:_’_ 2| 101 — ]

10—2 E ——t—— | |
T Bockeard G0 23 < b <40 - = Forward: 2 < p (A?) < 10 GeVie .
10—3 :ggrcvlg{avréir & 212 : b))):ll : Zlg) : -e—Backward: 2 < pT(A:) <10 GeV/e :
1 M L M 1 . L L L L L O . L | M L . L 1 2 L " L 1
2 4 6 8 10 2 3 4
p. [GeV/c] ly*I
Source Relative uncertainty (%)
Correlated between bins Forward Backward
Invariant mass fit 0-12 0-14
2 (AT A 9 2 i} .
Efﬁ - R ; é 1;1 ?7 Production more suppressed
aeney ) _ in forward sample
Luminosity 19 1
B(AT — pK—7t) 5.2 5.2
Uncorrelated between bins
Simulation sample size 2-13 2-14
Statistical uncertainty 3-33 6-44
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NUCIC&I’ mo diﬁcation PLB 774 (2017) 159 %

* J/Y from b: consistent with model prodection

ﬁ 20 I | J [ T T [ T T T | T T T
=, " [ 1FONLL with EPSO9NLO
< " # LHCb (5TeV)
i 4- LHCD (8.16TeV)

1.5k ]

0.5 i J/y -from-b-hadrons ]
0 < pr < 14GeV/c -
i LHCb
OO AR T S I R SN TR NN TN TR SR S T S
—5.0 —2.5 0.0 2.5 5.0
y*
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FOrward—baCkward ratio PLB 774 (2017) 159 %

* Rgpp smaller than unity especially at low py, increasing with py

* No evidence of energy dependence

prompt J /Y J/Y from b
20— 7 20— 7

o [ ~[JHELAC-Onia with EPSOOLO | & [ 4- LHCb (8.16TeV) ]
[ HELAC — Onia with nCTEQ15 | I 4 LHCb (5TeV) |

[ " HELAC — Onia with EPSONLO | I 1

1.5F Energy Loss - 1.5 u

- 4- LHCb (8.16TeV) . - .

i 4~ LHCb (5TeV) I i il

N e - ] .

0.5 0.5F _'
[ prompt Jy i i J/y -from-b-hadrons ]
[ 0 < pr < 14GeV/c LHCH | i 0 < pr < 14GeV/c LHCD 1
0oQ—~———t oolb—
2.5 3.0 3.5 4.0 2.5 3.0 3.5 4.0
vl [y
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J /Y and D° production 1n pAI’ LHCb-CONF-2017-001

Compared with Pythia
x10° %10°
& 2F 0257
s . X' b
% 1 6f LHCb preliminary 309 N LHCDb preliminary
S F \'Syy = 110 GeV pAr Z 0.2~ |'syy = 110 GeV pAr
14 N + 1.
1.2 e o IVIJ/w 0.15— M.
- + X, = — exp(-y*) - X, = —2- exp(-y*)
= l \'Snn C \Snn
0.8 0.1
0.6 -
04 :_ I 0 05 __ R E§i§§§ii¥§§ii§ﬁi§§i§§ii§ii§§ii§Eiii§i§§iiiié’sii§i§i§§i§§ii¥§ii§:’i
- L C
0.2~ L
o:| poa v b by b b b s by v vy by 00_ D — 'O |05' L '0|1 Ll 'O |15' — '0|2' L 'OI 5' 1 1
0 005 01 015 02 025 03 035 04, 0.45 . . . . . 0.
Bjorken-x x_ Blorﬁen-x X
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JHEP 02 (2014) 072
JHEP 07 (2014) 094

. : ch

Heavy quarkonia production THCE
JHEP 03 (2016) 133

* Candidates fully reconstructed from well identified muons

* Prompt J /Y, Y (2S) and those from b decay separated using pseudo-decay time (z,)

» LHCD is unique to separate the two components in the forward acceptance

o T Zw=Zo ) XM
01800 25<y<3.0 a © ]/ll) 25<y<30 3 ¢ =( JIy PV) JI¥
21600 <14 GeV/c N g 1 ¢

1 1400 Z pPb(Fwd) (s, = 5 TeV 3

N (7] 3

~1200 o 10

A ©

21000 o

© ] 2

S goo T 10

- S PV

S 600 o —_ -
o 10 > z

Loveneogoompongens Py 1 L e | 1

0 P B S

3000 3050 3100 3::0 Ve \7./2:)2(5 10 5 0 5 10
m t, [ps]

o _ T T T T T T ] a C T T T T L—
S L LHCD 15<y<40 ] F ]
> 2500 peairwa) iy = 5 Tev b <iGeve 3 0 forward -
= C ! ] s F ]
L i =] r b
S 200 forward P(28) 3 5 10k P(2S) Prompt ]
> F . S = Fromb 3
% 150 = — 102 1.5<y<4.0 =
% E p,<14GeVie 3
100 i il
S 10g E
sof c ]
1e =
AR ol 2 INJ

3600 3700 3800 5 5 10
M, [MeV/c?] t, [ps]
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> " JHEP 02 (2014) 072 Cb

Heavy quarkonia production e jsiGs
JHEP 03 (2016) 133

 Candidates fully reconstructed from well identified muons 2010

* Prompt ]/, P (2S) and those from b decay separated using decay time

A N I ' I ' v v | N I 1 ' ! ! |
P LHCb 2 90 LHCb
%120_— Pb sy, =5 TeV B % pPb \/s\\ =5 TeV
= L Ywms) | P Ve = 801 Y(nS) o=
3 100 1 g 703
© f 15<y<4.0 19 B 50<y<-25
8 sof p, <15 GeVic 1 g 60 | p, < 15 GeV/c
g ] § %0 p
T 60F 1 forward 1 8 4 ey + backward
S Lk ] S
30 Pl +
g 0 } i 8 +
(@) * o O 20 it + \
200y P 5 i
. R 10 i - i T
o —— 1 | PP :1 "; L -':l “'- L 1 1 L O L L 1 FPPLA "u 4 ~:| “‘. AL 1 1 | 1
9000 10000 11000 9000 1000 11000
M, [MeV/c?] M- [MeV/c?]

More data needed to study Y(2S) and Y(3S5) productions
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Nuclear modification factor (J /)

i

1 do,p,/dy JHEP 02 (2014) 072
p
R = —X
pPb
A doy,/dy
QqeET T T T T T T T T T T T T T ] 2 qeF T T~ T T T T T T T T T T T ]
o L LHCb ¢— LHCb, P t J/ ] o C LHCb * ]
o 1.4 i‘- (a) pPb s, =5 TeV » Frompt iy - oc 1.4F (b) pPb \s,, =5 TeV Do ]
C ' p, < 14 GeV/c E C p, < 14 GeV/c ]
128 = 1.2 -
08 Wi E 0.8F '—F -
0-8F" EPS09 LO E 0.6[ E
0.4F EPS09 NLO 3 C ]
- nDSg LO ] 0.4 - -
0.2 —— E.loss - 0.2F EPS09 LO .
o E. loss +IEPSOQ NLOI | | ] C nDSg LO ]
0 L L L L L L . : . . C 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 | ]
0
-4 -2 0 2 4 . -4 -2 0 2 4 .
y y

* Prompt J /1: strongly suppressed in forward region, significant signs of CNM effects
— Data well described by energy loss models w/ and w/o shadowing

* J /¢ from b: modest suppression in forward region
— Suggests suppression of b-hadron production

* Backward rapidity: compatible with no suppression

EPSO9LO (CSM): PRC88 (2013) 047901, Nuclear Physics A 926 (2014) 236
EPSO9LNO (shadowing + CEM): IJMP E 22 (2013) 1330007

Energy Loss: JHEP 03 (2013) 122, JHEP 05 (2013) 155

nDSg LO: PRC88:(2013)104 7901 52

Models:
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Nuclear modification factor (y(25)) %

; 1 doypy/dy JHEP 03 (2016) 133
= —X
pPb
A doy,/dy
e 2F T T T T T T T T T T ] A L L L L
= —@— LHCb, prompt w(25) 3 = F —@— LHCb, y(2S) from b 3
A 1.8 E- LHCb —HF— LHCb, prompt J/1 E & °F" LHCb —H— LHCb, J/v from b ]
16;— pr VSNN =5TeV EPS09 LO —; 16;'— pr \ SNN =5TeV EPS09 LO _;
3 24/, EPS09 NLO J C -
14E Prompt ~ DS LO E L4 From b s E
128 —— E.loss = 12F -
. E_ /'y"///////“ - - E. loss + EPS09 NLO .E | E_ _E
0.8;— ///////////////////////— 08F —
S L S 0.6F -
04F + 04F =
02F p <14GeVie E 02F |, < 14GeVic E
b ) ob 0 o
-4 -2 0 2 Lk -4 -2 0 2 4
y y

* Prompt ¥ (25): more suppressed than J /1, intriguing suppression in backward rapidity
— Energy losstshadowing don’t explain (2S5) suppression in backward rapidity,
requiring other mechanism (Comovers?)

* P (2S) from b: suppression consistent with that of /1 from b, as expected
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Nuclear modification factor (Y(1S)) %13]

A 1 y do,pp/dy JHEP 07 (2014) 094
pPb = 4 o T I ', T rrrrrrrrrr T
A dopp/dy & 44t LHCb .
1 2:_ pPb\s,, =5 TeV 3
- N )
1t N -
- ~S— )
0.8f \\~:i:\\ v
- No ]
0.6 e — \
X N
0.4 E.loss+EPS09 NLO -
[ —— Y(1S) -
0.21 Promptyiy  — I/ from b ]
0' I BT BT T T T ST R
-4 -2 0 2 4
y

* Suppression in forward region is smaller than for J /1, but close to that of /Y from b —
CNM effects on open b hadrons and bottomonia are not very different

* Hint of enhancement in the backward region — could be effect of anti-shadowing

* Data agree with prediction of energy loss + shadowing



Bottomonia in pPb 2016 %

g _ -
° C C
s 800 600 |-
E C
°  700F -
- 500
600 |- C
- 400
500 F -
400 300
300—?" =2 1
= 200 - ¢ Moy
200F C
= 100
100 C
— N C 1 1 L L I IIIIIIII
g500 9000 9500 10000 10500 11000 11500 00 9000 9500 10000 10500 11000 1 12500
m[MeV/c?] m[MeV/c?]

yields T(15) T(2S) T(3S) Integrated Lumi.
pPb 2619475 564458 204+£52 13.6nb~!
Pbp 30204+81 701460 164+38 20.8nb~!
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Ultra-peripheral PbPb collisions: J /i %I\a

* Low multiplicity events: only two muons in the detector

- “ N

§ 220 i— | | | —i @ Ik \LHClI) preliminalry o
© 200 E"LHCb preliminary E > 1 F s =5TeV -, . _
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