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LHCDb detector

e LHCD - single armed

VELO RICHES E/HCAL MUONS
forward spectrometer, Primary vertices o Trgger,p, o, |
Impact parameter K, pi particle ID gamma. PID Trigger and PID
located at LHC
* Acceptance2<n< )
* Proton-proton interaction = e i o
T3
atup to Vs =13 TeV 1 -
* Physics goals: o | N il NS
ocato| - / N N
* Designed for: CP A e ‘ <
y, g ‘,, i N N\ N\ N \
violation in b and ¢ LA =g | | T TR
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sectors \VVivd \L -
* Today: also general . =
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purpose physics in
forward region

P of charged |-
particles
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LHCb heavy ion collider mode

Eheam(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

6.5 TeV 13TeV  110GeV 8.2 TeV 69 GeV 5.02 TeV
7.0TeV 14TeV  115GeV 8.8 TeV 72 GeV 55TeV

(SMOG = System for Measuring the Overlap with Gas)

* pPb/Pbp Quarkonium results - this talk

 pPb/Pbp open heavy flavour results - see Benjamin’s talk later today

» Fixed target (SMOG) results - see Jihyun’s talk on Saturday

Shanzhen Chen
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Proton-lead setups at LHCb

Forward _ ..

e Ion = 2084,Pb

Forward region:

* y* = yup — 0.465

e pPb:1.5<y< 4.0

Backward region:

° y* == (yap + 0.465)

* Pbp:—-5.0<y<-2.,5

2013 data taking: v'snn = 3.02 TeV
* 1.1 nb-! (Fwd), 0.5 nb-! (Bwd)
2016 data taking: vsnn = 8.16 TeV
* 13.6 nb~! (Fwd), 20.8 nb~! (Bwd)
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Physics motivation

* Study of QCD in a yet barely & 106,
explored regime % :

. Study of cold nuclear matter (CNM) % !0t
effects and their disentangling from |
QGP effects M

* Reference for nucleus-nucleus 103
collisions

» Forward acceptance of LHCb
allows to test unique phase space

e x4 : momentum fraction carried
by a parton inside the nucleon
bound in the lead ion

» sensitivity for very low as well
as very high x4 -values

Shanzhen Chen 5 July 2018
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LHCD 5 TeV quarkonium results - J/{, p(2S)
and Y(1S)

* Candidates fully reconstructed from well identified muons
* Prompt /¢, Pp(2S) and those from b decays separated using pseudo-

proper decay time

Prompt J/ ¢, p(2S) J/ ¢, P(285) from b Y(1S)

g QT T T T - a; 2T T T T T L;IC; '(25')f' ;; ™ o — 7777
= = —@— LHCb, prompt (2S) 3 = - > P rom = 1.4F LH -
x 1.8 F LHCl?i —F~ LHCb, prompt J/ : = 1'8; L]I;{)Cl‘)* STy —H— LHCb, J/ from b ] o - prCV% _5TeV B
L6 PPb \syy =3 TeV - EPS09 LO E L6F PED iy = 1€ EPS09 LO E 1oF e - .

'_‘ 7/ EPS09 NLO = r DSe LO ] o *

L4 . nDSg LO E 14 e 3 1F- o, N i
1.2 o —— E.loss 3 12 _: C \\\ ]
1:7 ,{,(///// ------ E. loss + EPS09 NLO 3 1; —— E 08k ., ‘~~~~-‘$ ]
P : : 3 E ]
0 ////////////////////////— 08 3 0.6F T e
osk 1 00 e = 3 06F 3 s oo
F — o 04 ; 0.4F E loss+EPS09 NLO —@— LHCb, Y(1S) ™.
0'45_ “E 3 : 2; —— y(1s) ~5— LHCb, Prompt Jiy ]
028 5 E 02¢ Py <14 GeVic E - Prompt J/y —A— LHCb, J/y fromb ]

) el S S IS S S — - 0 C 1 o o o 1 o 5 o 1 o o o 1 5 o a1 0 PR [T S S (N T ST S N T S S N T W T W'

4 2 0 2 4 4 2 0 2 4 -4 -2 0 2 4

Yy y y

Forward rapidity

e Significant suppression for J/¢ , even larger for §(2S)

* Modest suppression for non-prompt J/¢ , similar to Y (1S)

Backward rapidity

* No suppression for J/¢ and Y(18)

* Unexpected large suppression for P(2S), not described by E.loss and shadowing
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J/¢ production in proton-lead collisions

at 8.16 TeV

[PLB 774(2017) 159-178]

Shanzhen Chen 5 July 2018 8
e



https://www.sciencedirect.com/science/article/pii/S0370269317307700

ol XXXIX INTERNATIONAL CONFERENCE rP LB 774 (20 1 7) 1 59 - 1 78]
./&f ICHEP2°18 SEOUL ON/"J‘ &p&g}PHYSICS
T JULY 4 - 11, f:%‘gx,ssoTl

Signal extraction
* 2016 pPb collision data, 8.16 TeV

* Prompt J/¢ and J/p-from-b are extracted by simultaneous fit of mass
and pseudo-proper time: tz=(Zj/y-Zpv ) XMj/yp/pz

Forward Backward
L ogbocn<rove o | Lomfecp<raeve e Mass distribution:
\% 250 ;_315/ ;—{rini-::gadrons +m=8.16 Tev: prj \% 1000 :,—_j4l/'(z)p—<fr);:1-<l7-;iri0m+m=8'l6 Tev: Pbp,: Signal: C rystal B all
- [ -~ background - | -background ] A
% a0l TP 1 G s ] Background: exponential
.C: E .f L al ]
% 150~ = % 600 ! \\ 7
© A © i | \ ] ° ° °
100[- 1 oo | ] tz distribution:
E . i I 1 A
o E R 7\ | Signal: 6(tz) for prompt J/;
05000 3050 3100 3150 3200 0000 3050 3100 3150 3200 Exponential fOl’J/ lp-from-b.
M, [MeV/c?] M, [MeV/c?] e .
- o T Background: empirical function from
& r LHCb 1 gI0°F LHCb E
= I Fasa6TevipP | 2 f (=816 TeV: Pbp | sideband
\\;10 ? 6<p <7GeVic E :/103:, 6<p,<7GeVic |
§ E 35<y* <40 g % ~40<y*<-35 ]
ERs 1 Zwl | Total yields:
: : prompt from-b
10E
: Forward: 3.8x10%  6.7x10¢
1 tH

Backward: 5.6x10°; 7.1x104
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Results: J/ ¢ total cross-sections in pPb

* Forward:
OpromptJ/p(1.9< y*<4.0, pr <14GeV/c)=1625 + 4 + 117 pb,
OJ/y-from-b-hadrons(1.9<y*<4.0, pr <14GeV/c)=276 * 2 * 20 ub,

 Backward:
Gorompt)/e(—5.0<y*<—2.5, pr <14GeV/c)=1692 * 4 + 182 pib,
GJ/\l)-from-b-hadrons(_S.0<y*<_205, p1<14 GeV/C)=209 i 1 i 22 ”b,
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Results: J/¢ double differential cross-section

C > Forward Backward
Double-differential cross- W e 1 g
N R ) LHCb ] & LHCb
section is defined as: R TS = S AT prompt /v, Pop |
- 2 Fo  n=816Tev ] 2 T /A=8.16TeV ]
o NIy = ptuo) g 2w N {2wf  Ee
. HH g & 3 +$35=£ ok i,
* : . P . Ay © "o %" s 10 T
dprdy* L€+ B - Apr- Ay = 5 B e
£y 102 4 15<y"<20 4 102 + —30<y'<-25 ﬁ
+ 2.0<y*<25 E + —35<y"'<-3.0 E
[+ 25<y°<3.0 1 [+ —40<y*<-35 Rt
10 % 30<y<35 3 100 4 45<y <40 E
4+ 35<)' <40 E 4 50<)y'< 45
100 P S S (T S SR S S T SR 100 P S R S S SR S SR S
 N: number of reconstructed 0 5 10 0 5 10
pr[GeV/c] pr[GeV/c]
° . [ — —al — [ — —
promptjltp orJ/tp-from-b, ;Q 10 ' " LHCb ] g o ' " LHCb
1 i ° 10° J/y -from-b-hadrons, pPb _; > 105;_ J/y -from-b-hadrons, Pbp _
* U3: branching fraction of = VRRSBIETYV 3 & f g, VANSBICRY
(i ;| o 2wpHE 2w,
J/¢p —>ptp~ decay (~6%) g I, = I e i
< 10 +* 4 s 10°F T
PDG]; o Riagve: = f e
2 o 102F 4 15<y* 33 2L c2s 4T
5<y*<20 10°F + —3.0<y"<-25 + 4:;;;
=y + 20<y*<25 E F o+ 35<y'<-30 + +
[+ 25<y'<3.0 1 [+ —40<y'<-35 ]
10°F 4 30<y<35 3 100 4 45<y<-40 Tf
4+ 35<y'<4.0 ] o+ —5.0<y*<—45 3
0 PR R I R S S R S R 0 S S T I S S T S R S S
10 0 5 10 10 0 5 10
pr|GeV/c] pr[GeV/c]
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Results: J/ ¢ differential cross-section
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1
e
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+
+
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0< pr<14GeV/e ]

0

* The cross-sections as a function of y*, integrated over the pr

» Sizeable forward-backward asymmetry

l
5
y*

« Uncertainties are the quadratic sums of the statistical and systematic

components
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Results: J/ ¢ differential cross-section

- . Forward Backward
* The cross-section is 108 e 108
o L Fe oo LHCb | = S LHCb
compared with the reference R R E N AR
° < 105k 15<y'<40 4 & 105k .- —5.0<y <25
cross-section for prompt J/ E pEEE R +  moniee
o=, ==

do
dpr

- ] [ -

g Swl |
and J/¢-from-b-hadrons g 35 [ RS EE -
production in pp collisions at £ e ] : -

Vs = 8.16 TeV, multiplied by 10° o ok -

F 4 pPb 1 F 4 Pbp
the Pb mass number A = 208 4 pp rescaled ] S pp resaled
102 M B ST 102 M RS ST
0 5 10 0 5 10
e The cross-sections as a e ,’I’T[,vafc]: O e ,’TT[,G?V,/C}:
funCtlon Of p T 9 lntegrated § E J/v—from—b»hadronijl-;(lit? ; g% ; J/I[/—from—b—hadronil}lil(;;) ;
over the range 1.5 <y* <4.0 1B Y e R e S osieny 3
for pPb and -5.0 < y* <-2.5 . e P T g B 7= j
© 10k 4 7" 10tk - |
for Pbp - ? -
o -~ : -
= i ; ; -
m 103 3 *ﬂzﬂ:_; 103 = +=W==Q= E
F 4 b ] E 4 Py *
S peaed ] L Fopeed
10 0 5 10 10 0 5 10
pr|GeV/e] pr|[GeV/c]
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Results: fraction of J/Y-from-b:. [~ ]
203l /AN = 8.16TeV _¢__¢__+__+_,
= 0.2 Vs =8TeV —o—_°__.__._+ n
[ ] [ ] 0] :.d_e_ N
* Fraction of J/y-from-b is defined as: S S I
04+ 4 2.0<y;‘,p<2.5 *j:
2.0 <ypp, <2.5 ]
deJ/y/-from-b-hadl’Ol'lS 8';: + ' ———— |
f dpydy* 0.1 FE=——— .
= 0.0:::::_::::::::::::::::::::::
. dzo'prompt Jhy dzO'J/y/-from-b-hadrons 8:: i i:gi;fg’;om g I:
dprdy* dprdy* 02f * 27 ums30 e L

0.1 E
0.0 -—+—-+—+—+—+—++—+—+—t++—+—+—++—+—+—t+—+—+—+++—

« Comparing pp (black), forward (blue) 04 4 305 s s ]

° : 4 3.0<y;,,<35
and backward (red) configurations. 031 3 s0cinaas
0.1 === B
* Similar trends. 0.0 (bbb
041 4 35< bep<4.0 _|
Y 3 osf + 32 Tu0 +
* But deviations at low pr highlight the 031 ¥ 35<simet ey e L
° ° 0.1 Eﬁ 9 -
dlffel‘ences in the nuC].ear effects on 0.0 ~———————————
L 40< — v;bp <45 n
prompt J/¢ and J/P-from-b hadrons. O ¥ o tas e
0.0 +—+—+———4+—+—+—+—+—+—+—

T —
04; + 4‘5<_y;bp<5'0

03F _+_

02F
E +
01, o o o~ I I |
0.0 E . . oy ey ey ey
0 2 4 [§ 8 10 12 14

pr(GeV/e]
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Collision of pp at 8.16 TeV reference

Interpolation in energy
° pp measurements at 8.16

. p; bins y* bins
TeV not available. £1600F Loes | ' 3 24000 Toew ' E
I R R R S b
* Estimated based on 1200f 3o e
interpolation (in energy), soof/ i' 2000F
- 1 1d1 600 : 500 F =
extrailpolatlon (in rapidity i o 3
outside pp coverage) of 200 I ]
measurements at 7, 8 and K . O - TS T e -
13 TeV. Extrapolation in rapidity
e These methods were Prompt J/{ ~ J/Y-from-b hadrons
validated with ALICE and § RS = o
LHCb data 3sp e
[LHCb-CONF-2013-013; ¥ £ o 1
ALICE-PUBLIC-2013-002] 3 : +~i‘»*
1.5F +
13 E:
0.5F *'
e —
y y
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Results: prompt J/¢ nuclear modification factor

Nuclear modification factor is defined as:

| depr(PT,)’*)/ dprdy*
R, po(p1:y*) = —— ,A =208
Ad Gpp(pT’ y*)/dedy*

In Fwd: suppression at low prup to 50%, converging to unity at high pr

In Bwd: R,pi, closer to unity. Intriguing low values in Bwd at low pr

Overall agreement with theoretical models. Compatible with pPb 5 TeV results.

R,pb vs. pr, Forward R, vs. pr, Backward Rypb vs. y¥*
’ 9
i 2_0 T T T T T T T T T T T T T f 2,0 T T T T T T T T T T T T T 'é 2_0 T T T T T T T ] T .l T T T T
S [ CJHELAC — Onia with EPSO9LO ] & [ C_JHELAC — Onia with EPSO9LO | & [ C_JHELAC — Onia with EPSO9LO 1
< HELAC — Onia with nCTEQ15 1% [ HELAC — Onia with nCTEQ15 & [ _ HELAC—Onia with nCTEQIS ]
L . HELAC — Onia with EPSOONLO L . HELAC — Onia with EPSOONLO - Encrgy Loss i
1.5F CGC 4 1.5F 4 LHCb@8.16TeV) 91 15 CGC .
[ 4 LHCb (8.16TeV) ] i ] [ 4 LHCb (5TeV) ]
_ L 4 LHCb (8.16TeV)
[ ] : . N
1.0 1.0 === = 1.0
NN FEECRE b A H o
k\\yﬁ\%}\ s 1
0.5 - 4 05F 4 05
- prompt J/w, pPb - prompt J/w, Pbp L prompt J/y
i 15<y <40 | I 50<y <-25 ] [ 0<pr<14GeV/e
. LHCb | . LHCb | i LHCb
O'O ! ! ! ! | ! ! ! ! | ! ! ! 0.0 ! ! ! ! | ! ! ! ! | ! ! ! 0.0 | | | | ' | | ! L | ! ! !
0 5 10 0 5 10 —5.0 -2.5 0.0 2.5 5.0
pr[GeV/c] pr|GeV/e] y*

Shanzhen Chen _ 5 July 2018 16



https://www.sciencedirect.com/science/article/pii/S0370269317307700

[PLB 774(2017) 159-178]

o~ |CHEP2018 SEQUL :’;*;:;;;2";2‘;3;:::;.5:““

8z

2
m
JULY 4 - 11, 2018
COEX, SEOUL ]

Results: J/¢p-from-b nuclear modification factor

Nuclear modification factor is defined as:

1 d’c po(PT, y*)/dprdy*
R,pp(p1-y*) = ——— ,A =208
Ad Gpp(pTa y*)/dedy*

In Fwd: suppression at low prup to 30%, converging to unity at high pr

In Bwd: R,p, slightly above unity

Overall agreement with theoretical models. Compatible with pPb 5 TeV results.

Rypes vs. pr, Forward Ryev vs. pr, Backward Rypb vs. y*
& 20 T T T T | T T T T | T T T ﬁ 20 T T T T | T T T T | T T T .é 20 T T T | T T T | T T T | T T T
S [ [ FONLL with EPSO9NLO 1. [ C—IFONLL with EPSO9NLO 1.2 i [C_JFONLL with EPSO9NLO ]
R [ 4 LHCb@8.16TeV) 1% [ 4 LHCb@®8.16TeV) 1= I # LHCb (5TeV)
i ] [ ] [ 4 LHCb (8.16TeV)
1.5 B 7 1.5 B 7 1.5F -
[ ] | | | [ ]
i L. i = [ % = = T N _ i
1.0 1.0 | F=H 1.0 @
i | o9 | -| ‘+‘ 1 r 7
ESall : : : : :
0.5 N J/y -from-b-hadrons, pPb | 0.5 B J/y -from-b-hadrons, Pbp | 0.5 | J/y-from-b-hadrons ]
i 15<y' <40 | I —50<y <-25 ] 0 <pr<14GeV/c
. LHCb _ . LHCb ] i LHCb
0‘0 1 1 1 1 | 1 1 1 1 | 1 1 1 0.0 1 1 1 1 | 1 1 1 1 | 1 L L . 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 5 10 0 5 10 095.0 2.5 0.0 2.5 5.0
pr[GeV/e] pr|GeV/e] y*
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Results: J/¢ forward-backward asymmetry

RrB vs. pt RprB vs. y*
e Forward-backward 2 2.0 [ 2 2.0 [
o o A ;é" i :HELAC—On}a thh EPS09LO _é“ I :HELAC—Oma w1th EPS09LO ]
production ratio is defined AT | [ e o T ]
= 15F 4 LHCb (5TeV) - 1.5+ [ Energy Loss -
as:? (o ¥ - 4 LHCb (8.16TeV) . - 4 LHCb (8.16TeV)
d2 ( + | *|) E [ ] r 4 LHCb (5TeV) 1
Oppu\PT> T 1Y a Lol +,\ 1 ol ]
. ARYS .
* H N\ 2 \< N\, \, N ;
Re(pr,y*) = —— 2 S L ! ﬂ%: —t———e—— ——
d26py,(p1, — |y 1) 0.5F 3 osf -
[ prompt J/y ] [ prompt I |
dedy* [ 25< [y <40 LHCb 1 i 0 < pr < 14GeV/c LHCb ]
00— '1|0['G' '/] R Y R Y
pr|GeV/e |y*|
e Clear forward-backward Y ey
asymmetry for prompt J/, < | ¥ Do Gaemn 15 I e men
in particular at low pr Bl ! 1 ¢ ;
* For J/¢y-from-b: Rfg is closer g 1.o:$ %% dﬂ*'rﬂﬁ«; Lof l ]
° n T i Iy
to unity s i ﬁF - e
0.5 - 05 -
[ r _from-b-hadrons ] i J/y -from-b-hadrons 1
¥ Agreement WIth pr 5 TeV Z;V<f\y*|<b:0d LHCb 1 i 0 < pr < 14GeV/c LHCb ]
data within uncertainties 00—t g
pr([GeV/c] ly*|
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Outlooks and conclusions
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Outlooks and conclusions

* Production cross-sections of prompt and non-prompt J/¢ in v'snn
= 8.16 TeV pPb collisions are measured as function of pr and y*

* Nuclear modification factors and forward-backward asymmetry
are measured

 These results can have an impact in constrain models for nuclear
effects

* These results will be the reference for the analyses of nucleus-
nucleus collisions

* More measurements with vVsyn = 8.16 TeV are still yet to come

($(28), T(nS), ...)
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Backups
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LHCb heavy ion collider mode

»Pb/Pbp PL) E; 5.02 TeV 1.6 nb-!
PbPb 2015 5.02 TeV 10 pb-!
oPb/Pbp P 8.16 TeV 34 nb-!
) 2017 5.44 TeV 0.4 pb-!
PbPb 2018 5.02 TeV (~10 x2015)
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