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[ LHCb heavy ions latest results}

Heavy Flavour production in pPb and PbPb

» N, production in pPb collisions at \/syy = 5.02 TeV
> B*,B? and A?, production in pPb collisions at \/syy = 8.16 TeV
» Y (nS) production in pPb collisions at /syy = 8.16 TeV

» Exclusive photonuclear J /i production in ultra-peripheral PbPb collisions

Fixed target mode (unique at LHC)

> ]/ and D? production cross-section in pHe collisions

» Anti-proton production in pHe



The LHCb experiment

Vertex Detector
reconstruct vertices

decay time resolution:
IP resolution: 20 um

RICH detectors
K/mt/p separatio
g(K=>K) ~ 95 %,

's-ID g(m->K) ~ 5 %
| N - -
Y

I

Tracking system:
TT and OT
Dipole MSEN quc}?ingir;,_rifg;:t'm ' Calorimeters (ECAL, HCAL)
bending POVEIRSIN (5 GeV/c — 100 GeV/c) | energy measurement
e/y identification
AE/E = 1% @10 %/VE (GeV)

Single arm forward spectrometer with excellent vertexing, tracking, PID

(acceptance 2 < n <5)

Muon system

M identification e(u—>p) ~ 97 %,

mis-ID g(m—>p) ~ 1-3 %

[IIMPA 30 (2015) 1530022]
[JINST 3 (2008) S08005]



{ LHCb heavy ion : proton lead modes ]

pPb and Pbp
yr \s\ 2013 data : /Syy = 5.02 TeV
// \\ 1.1 nb~ ! (Fwd), 0.5 nb~ ! (Bwd)
// oA, HCAL \a M \\\ 2016 data : \VSNN = 8.16 TeV
/ agne v 13.6 nb~ 1 (Fwd),20.8 nb~! (Bwd)

Pb-Pb
2015 data :+/syy = 5TeV, 10 ub™*!
2018 data : /Syy = 5 TeV,210 ub~?

Physics motivations:

e Allow us to study QGP

e Study of cold nuclear matter effects and

_ their disentangling from QGP effects
Forward region: Backward region: * Sensitivity to small x (down to ~ 107°) >

* Y = Yiap — 0465 * y'=—(ya» + 0.465) gluon saturation and to anti-shadowing
* pPb: 1.5<y < 4.0 « Pbp: —5.0<y<-25 region




A, production in pPb collisions at \/syy = 5.02 TeV

Measurements of the differential cross-section and the forward- backward production ratio

* Larger production rate in the backward rapidity region
compared to the forward region observed

* The total measured cross-section (integrated over the full
kinematic range) is :

o(2<pr<10GeV/e, 15<y <40) =321+1.1+32mb,
0(2<pr <10GeV/e,—45 < y" < —-2.5) =27.7+1.8+3.9mb.
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A, production in pPb collisions at v/syny = 5.02 TeV

/D"’

Forward-backward production ratio consistent with calculations from Helac-ONIA with nuclear PDF
2 /ox . ox * m T —T————T7 T S e e p e e e s S e e
RFB(y* pT) = d U(y Py Y > 0)/dy de < (a) LHCb  pPb |5 i=5 TeV < (b) LHCb  pPb {5=5 TeV
d?o(y*,pr; y* < 0)/dy*dpr 'l ]
Ratio with DY production to 05 Jj] )
probe heavy quark EE8me 25 cprcan py<roev - S, ]
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0.6 T T T - 0.6 — — R ( » ) d2UA+ )/dy*de
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041 [B [ﬂ m m B] . 041 ﬂ]
0 g B] [}] H’] ET [ﬂ e Ratio to D production also
25 EPS09LO 0.2~ EPS09LO . :
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“2— +‘d'm; — ,'(, ol *"-"’4- T computations
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B*, B° and A}, production in pPb collisions at /Syy = 8.16 TeV

« B* BYand A% production in pPb collisions at \/syy = 8.16 TeV Signal yields

. . . Decay p Pl Pby
* Measurement of differential cross section, forward-backward — —
. . ; + 0 Bt — D'zt 1958 £54 1806 + 55
Rpp ratios and nuclear modification factors Ry,p,, for B™,B” and | 5"~ K" 883432 907433
B Dnt 1151 £38 889 + 34

A} in pPb collisions A0 Atm- 434424 399493
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B*, B® and A} production in pPb collisions at y/Syy = 8.16 TeV

* Consistent with R, of D% mesons Differential cross section for B* vs. pr
* Confirm the nuclear suppression seen with
— — T T T T
non- prompt]/ll) 203 _ B*, pPb/Pbp LHCb -
> : [Sxn =816 TeV 3
8 T g ]
e Significant suppression in forward rapidity, decreasing S = ——
at large 210 F E
sepr . . N —— .
* Consistent with unity at backward rapidity = [ ]
—% L ——pPb, 1.5<y<25 i 4
S 1oL +PPb 25<y<35 _
e N E —-Pbp, 35<y<-25 n 3
I 2 | - = u]
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l4:_ 25<y<35 EPPS16* 3 ]4:_ -35<y<-25 QPPSIO' E I
TE == Nonprompt J/y ad 2 = Nonprompt J/y 1 1 1
l E 2 Eppall — ; Experimental uncertainties gre
i & E | - smaller than the nPDF, provides
Y51 pAH 08F J 3 constrains for future nPDFs fits.
1 oaf :
_ 3 02F Backward 3
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Y (nS) production in pPb collisions at /syy = 8.16 TeV

C/\]'\ L L s c/\I-\ L L L e '_:
§600; LHCb 5\=8.16 TeV, pPb S 800F | 1w 5un=8-16 TeV, Pbp
2500 F : o /00 :
5 : W Y (nS) : 5600 M r(nS) :
400 S Background Ds00 0 Yl - Background s
2300k — Total _ 2400 — Total _
= : S200E E
: b : 2200 | .
oloog 7~ F/TT ' "" My F O100F \ W E
C T B L e
0 9 10 11 0 9 10 11
M(u+u) [GeV/c?] M(u+u) [GeV/c?]
Y (1S) Y (2S) Y (1S5) Y (2S5)

At the first three resonances, the Upsilon system can only decay by the b quark and anti b quark annlhllatmg
' Here the Y'(nS) mesons are reconstructed through their decays into two opposite-sign muons .



Y (nS) production in pPb collisions at v/syy = 8.16 TeV

:105_""l""l"-'l""l""E zlosllll :104_""l""l""l""l""g :1045'"'I""l""l""l""E
S | LHCH + pPb | S [LHCb 4 Pbp _ S [ LHCb + pPb S | LHCb + Py
8 104? . ‘+—pp scaled E {B 1()4? +pp scaled E (GD.) %:’_+++ -+-pp scaled 8 | - ‘+‘pp scaled
< S : < 100 1 <10k E
S o u ¥a) P = 1 > - > -+
= ok e ] EpfF = . ) AR = b e
- =107 + - — S
= - 5 —a— ] & s t——
3 [ 1 2 I ] < 102k 4 =02k i
S ol ] 30l ; 3 10 RL:
AR R — ] S fres — v 1S res
15<\*<40 ] —50<)*< 2.5 ] :15 *<4.0) ] I ® :*:—
[s0y=8.16 TeV (=816 TeV SN “50<y*<-2.5
10} (5 =816TeV T 10f P 7" T 105~\sNN-816TeV 5 105—\sNN-816TeV 3
............ | IR B oo b b o by by vy o
05 o B 1Geviel - Sk :jo B 1Gevid 0 s 01520 25 0 s 0 15 20 25
Forward T ackwar T Forward P, [GeV/c] Backward D, [GeV/c]

* Cross sections integrated over y~.
* No direct measurement in pp at 8.16 TeV: the value of the Y(nS) cross-section is obtained by
interpolation between the values measured in pp at 2.76, 7, 8 and 13 Tel’.

Y(nS) suppressed in the forward region as already seen for J /i [Phys. Lett. B Volume 774, (2017)]
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Y (nS) production in pPb collisions at /syy = 8.16 TeV

* The nuclear modification factor are evaluated for Y(1S5) and Y(2S) .

 Two different theoretical calculations are shown, here HELAC-Onia framework + nPDFS.

a 2prrr T rrTTT a 2T reeTT o 2T T o P o B T
SZ18F +pPb 1 =Ei8f ~+Pbp £ S g of - pPb 1 3e4k P ;
Z\l oF LHCb EPPS16 E ;a:‘l M3 LHCb EPPS16 E Qil'gz LHCb EPPS16 | ;,%Qus: LHCb EPPS16
N nCTEQIS ] N nCTEQIS ] L6p nCTEQIS 1 L6p nCTEQIS
: : 14F E L4F E
121 . L — T
I iy 1+
] _ osHE '::::|i """ 0.8F + 7
OF S 0.6f T ; 0.6%+ ++ 3
04 1.5<y*<40 04F -5.0<y*<-2.5 7 04F +++ 15<y%<40 04F -5.0<y*<-2.5
0.25— | | \I _816TeV‘ 0.25— | | \9NN_816TeV“- 0.25:+_ Vsx 5 =8-16 TeV 7 0.2;— [53x=8.16 TeV
TS T s s % s 0 15 202 e e A e e e e
p. [GeVic] p. [GeVic] p, [GeVic] P, [GeV/c]
For Y(15): consistent with unity for pr > 10 GeV /c For Y(25): smaller values, which is still
with a suppression at low p (0.5 forward and 0.8 consistent with the comovers model
11
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Y (nS) production in pPb collisions at v/syy = 8.16 TeV

Forward-backward asymmetry

0.4F p,<25GeV/c
0.2F _
 (sg=8.16TeV

2 .

g LHCb ]
1-8F LHCb +EPP816 E
:'2:' WInCTEQI5

2 3 4

||||||||||

EPPS16
[InCTEQ1S5

Ar p, <25 GeV/c
“E V8 16TeV

R(Y(25))

d?a,p1 (pr, +y*|) /dprdy*

Res(pr, |y*]) =

 @opyy(pr, —[y*])/dprdy*’

[10.1007/JHEP11(2018)194 , LHCb-PAPER-2018-035]

2 *
R(r(ns))  [L0/dprdy] (T (0S)
[d2o/dprdy*] (T(1S))
s e ] &
9 LH(ZISbG v EPPS16 E 9,"_3/ 0.9F LHCb
0.85— pP.< ? ¢ WInCTEQIS - T 0.8F 1.5<y*<4.0
0.7F [55n=8.16 TeV 1 & 07F (=816 TeV
0.6 1 06F _
! £ 05F
04F 3
0‘3: + Pb _;
g p
20 : 0'25 EPPS16
f £ 0.1F WInCTEQIS
- - i R T T T N W T T T A U NN R | T T T N N T S N N
ot 1 % 5 10 15 20 25
-4 -2 0 2 4 p.. [GeV/c]
y* !

The ratio of the cross-sections confirmed a
larger suppression for the excited states with
respect to the ground state in pPb compared

to pp collisions
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Y (nS) production in pPb collisions at /sSyy = 8.16 TeV

Double ratios

N AR AR ARRREE B - MR wrms)ras) R (nS))ppbipny
= Z1.8F LHCb ~+LHCb 1 2 Z18FLHCD ~+LHCb = J{( PbiPI =
i 1 =27 ; pPb|Pbp)/pp R(Y(nS))
a 21‘65_ jcomovers 1 2 51'6? jcomovers E PP
~ 314F 4 = =2l4F =
Sk 1 S -
' : Sample RT(2S))  R(T(39))
08¢ p 20<y < 4.0 0.328+0.004 0.137 + 0.002
- : 0.6F . pp —A5<y*<—25 0.325+0.004 0.137 + 0.002
04F p.<25GeVic 04F p.<25GeVic pPb  20<y*< 4.0 0282+0.050 0.11 =+ 0.02
02f (5\=8.16 TeV T 02 (5=8.16 TeV Pbp —45<y"<-25 0.296+0.070  0.06 £ 0.02
TR Y SR SN TN SN SN SR SN U NSNS R R T T N N T T NN S NS S SN N SN SRR i
T 2 4 T 2 4
y* y* e
v (25)/Y(1S) ¥ (35) /Y (1S) GTCSITAS) _ 0 s 4 0 15
pPb/pp : T
. . . . . W1 (35)/T(1S) _ 0.81 + 0.15
Suppression of Y(nS) production in proton-lead collisions up to about pPb/pp = U 19,
40%, more pronounced for the excited Y states (particularly in the Roporh! ) =091 +0.21,
region of negative rapidit T(3S)/TAS) _ 0 44 4 (1
g g pidity) Rpporh! ) =044+ 0.15.

Data support the comover model
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Moving to lead-lead

Event 21079095
Run 217709
Thu, 08 Nov 2018 22:56:35

Pb-Pb collision 2018




Exclusive photonuclear J /1 production in
ultra-peripheral PbPb collisions

[LHCb-CONF-2018-003]
Coherent production of J /1) mesons is studied in Pb-Pb 2015 collisions at \/Syy = 5 TeV. . P

- Two-photon and photonuclear interaction enanched in ultraperipheral collisions (UPC)
(i.e. the impact parameters larger than the sum of two radii)

= Incoherent /coherent production: photon couples to a single/all nucleon. W
—> Background sources: incoherent J/ /1 and feed-down from photonuclear ¥(25) /C?\
Pb Pb
; 10° ~ LHCb l;rclim'inary] - 4-data Q LHCb Plrclimi'nary | —e— data
[ —_J/ cohi t
% A POPD s =5TeV _{f, bs) % S0 E= Pb-Pb sy =5TeV incoherent+feed-down
o b === NON-resonant B ------- non-resonant
- 10 sum 3 40 sum
= =
% g 30
= 10 W H*ﬂ* ﬂ H} { 8 -
A A T
«== 4
O 1 '} {’H {
10 +++ +
107! l 3000 ‘ . ‘ ‘ 351()() l l l ‘ 4000 0 - - _0
Dimuon mass [MeV] - log(p?r/Ge\/z)
J/ are reconstructed in the dimuon final state with Use transverse momentum fit to distinguish

muons in the pseudorapidity region 2.0 < n < 4.5 between the coherent and incoherent J /Y 15



Exclusive photonuclear J /1 production in UPCs: results

[LHCb-CONF-2018-003] Ongoing studies using the HeRSChel forward shower

do/dy [mb]

5 Gueyetal counters to reduce the background
45E LHCb Preliminary —mw — Perturbative QCD calculations
E .'. - i i I t t Hole radius Hole radius
4 E .“"_._ Pb-Pb mzs TeV —LTAS \(;\Qg’(]:r?gftﬁeorne:t nUC ear S ruc ure ‘y 47mm LHCb x21—0 61mm
35F K = EPS09 [Phys. Rev. C93 (2016) 055206] ~108x330mmm
3E Gonealvesetal. - Colour-dipole model
25 E_\“ —psatscLe  Different parametrisations of !
~E e IVLEG the dipole-proton cross-section g
2E % [Phys. Rev. C84 (2011) 233 011902,
- Cepilactal. Phys. Rev. D96 279 (2017) 094027]
1 .5 E == GG-hs+BG . . . . zsia-t{(;.r:‘.,%zm Station B1
1E — Variation of colour-dipole model 2=-197m  Station 80
0.5 - GS-hs+BG - [Phys. Rev. C97 (2018) 024901] ' Sttion 71
. :_ Miintysaari et al. - zsiatf?ﬂ.gfn
OO- i ‘ 0 '3 — '4 — '5 =18 flet. +GLC  — Variation of colour-dipole model Background sources
— o scie . INcludes subnucleon scale ° _ . : , b ,
y ‘ fIUCtuationS S‘ 220 E_ LHCb Prelimina‘ry —®— data without Herschel _E Y Y
. . . . . . [PhyS Lett. Br72 (2017) 832] § ?gg E: Po-Ph mzs Tev —&— data with Herschel :E J/ Jy
S 4 =
Preliminary results in 5 rapidity bins 3 wf n | .
140 E —
— 5‘ 120 E- ++ 4 @ Pl >*
J/ rapidity do/dy (mb) 100 - +- =
2.00-2.50 3.0 £04 +0.3 OE s + £ ) E
2.50-3.00  2.60 £ 0.19 £ 0.25 0 ine BESTE
3.00-3.50  2.28 +0.15 4 0.21 ] TP e Sean e S g, g
3.50-4.00  1.7340.1540.17 - B log(pi/GeVz)O - e
4.00-4.50  1.10£0.224+0.13




Fixed-target mode:

The SMOG system }

Sy =09 GeV
— &

Gas (Ne, Ar)

Syy =110 GeV

(He,Ne, Ar...) Pb

[Dmnb«uon of vertices overlaid on detector display. z-axis Is scaled by
I:100 compared to transverse dimensions to see the beam angle

[ . Beam | - Gas, Beam 2 - Gas

“pump” valve  Flow to VELO Pirani gauge

Evacuate and
leak detector

“fill” valve
PV501

High pressure
Piezo gauge

High pressure

“bypass” valve
yp volume

PV502

“HP” valve

SMOG (The System for Measuring Overlap with Gas) enables injection of gas
(He, Ne, Ar...) in the beam pipe section crossing the VELO (unique at LHC).
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Fixed-target mode

8.16 TeV pPh “ottstor-Susteims
S iHC e LHCD 110 Ge)D
107} ATLAS/CMS ER
B ALICE

10° ALICE Muon

4

10°° 107" 1077 1077 1072 1071 109

« Gaspressure: 1077 to 107° mbar.

protons (Pb) on target [10%]

10%

10

107"

10?2

Beam Energy

10” protons on target =5 nb” / (1 m gas)

- 2500 GeV at nominal 2:107 mbar
B 4000 GeV
I 6500 GeV I
pNe pHe PAr pPAr PbAr pHe pHe pNe pNe

2015

| 2016 | 2017

* Collisions at \/syy = \/ZEbeammp = 41— 110 GeV for Eyoqm = 0.9 —6.5TelV
—> relative unexplored energy scale between SPS and LHC experiments.

* At /syy =110 GeV, c.m. rapidity is —2.8 < y* < 0.2 backward detector with access to large x value

in target nucleon, for different nuclear targets.
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[ First measurement of charm production in fixed-target at LHC J

_________________________________________________________________________________________________________________________________________________________________

Measurement of | /1) and D production cross section in pHe collisions in the rapidity range
[2,4.6] at \/syy = 86.6 GeV and 110.4 GeV

* Scaling the D° cross-section with the global fragmentation ratio f(c = D%) = 0.542 + 0.024 the c¢

production cross section can be obtained:

o.; = 288 £ 24.2 + 6.9 ub/nucleon

* LHCb results in good agreement with NLO NRQCD fit (J/y) and NLO pQCD prediction (c¢) and other
experimental measurements at various energies

10?

Vsan [GeV]

£ [ LHCb %1 5 [ LHCb i
é - ® This measurement ST é E ® This measurement % E
B 10° . _ ) [t
= .0 + — (i Ak
B E,ifo"f/ ° e ;
10* g - ~—NLONRQCD 3 I R t ~ —NLOpQCD |
; 10 /+ —

10°

10°
Vsan [GeV]
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First measurement of charm production in fixed-target at LHC

* No strong intrinsic charm contribution

e HELAC-ONIA under-estimate the cross
1.44 (DY)
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section by a factor 1.78 (] /¢ ) and
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T00E" 4 1nc E
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[ Anti-proton production in pHe y/syy = 110 GeV }

1 Wf o w0  Antiproton/proton ratio known with + PAMELA2012
Tk — o . . ) . $  AMS-022015
oof- PHe = toGey " great precision in cosmic rays
» ; K 500 10~}
'E 400 B
wf = AMS02 (PRL117,091103 (2016)) %
= 214< p <244 GeV/c - & 5 / )
S0 12<p<tscevie {200 o PAMELA (JETP Letters 96 (2013) 621) ¢ — B
-150 ;— — 100 % Uncertainty from: Cross-sections
200 b R R —o ) ) ) ) Propagation
0 oo ‘ 0 DLy 2 The interstellar medium is mainly o many slopes
P = T e ] composed by helium and hydrogen, 10-¢ : 35 50106
200 —Daa iy E SMOG allows to reproduce this system. Kinetic energy T [GeV]
%20()()0 - g 214< p<244GeVie
2 1soo |- - . fk Rt 4 Flux prediction uncertainties in 10-100 GeV kinetic energy range:
5 - B Fake . . . . . .
= 10000 £~ E dominated by production cross-sections uncertainties
5000 | 4 i = . . .
L = N j —> pHe scattering cross-section results can serve as external input

-~ e

0

2
arg(DLLpK+ i DLL,,) [rad]
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do/dp [ub ¢/GeV]

Anti-proton production in pHe /syy = 110 GeV }

35F T T ' ' T ' : T T ; T ; T T T —
30 E'!,,' LHCb —— DATA g
= . pHe —» px 1.2< P < 28 GeV/c === EPOS LHC ]
25 EX=, - Vo =110Gev EPOS 1.99 =
—") - \ 3
LS . = QGSIETI-04
20 Tt :
- e e - = QGSJETI-04m 1
15 i;w""'"-a-;:.:h__‘ I - =HIING 138 7
AR R L LD PYTHIA 64
10 = e L e DT —
5
- l . . . | . | l |

Compared with simulation from:

Uncertainties smaller than model spread

EPOS LHC tuned on LHC collider data
underestimates p-production

Data collected in 2016 in pHe collisions at /syy = 110 GeV.
33.7 X 10° reconstructed p-He collisions,

- yielding 1.5 x 10° antiprotons

Access torange 12 GeV/c <p < 110 GeV/c

pr> 0.4 GeV/c, PID with 2 RICH detectors .

Luminosity from pe (elastic scattering ) since the gas pressure
is not precisely known, measured value: 484 + 7 + 29 ub‘l
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https://pos.sissa.it/301/1100/pdf

Conclusions

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

LHCb developed a rich heavy-ion program, with very specific capabilities and unique acceptance at a hadron collider.

* Fully performantin pPb * Chance to measure soft QCD.
. * Peripheral studies in Pb-Pb * Probe the partonic content of nucleons and nuclei.
.+ Fixed-target program unique at the LHC e Possibility to investigate in detail nPDFs.
Recent results shown today Future prospects
> A, production in pPb collisions at 1/Syy = 5.02 TeV More results to come e.g. Drell-Yan, vector bosons, more quarkonia states,
> B* B and A(l)> production in pPb collisions at dihadrpn corrglations, Bose-Einstein copdensates, flow studies.

JSnn = 8.16 TeV Lot of interesting measurements on-going :
» Y (nS) production in pPb collisions at * pPb: Drell-Yan, correlation, exotics, Z., open charm, W/ Z

Vs = 8.16 TeV

*  PbPb 2018 data : UPC collisions and DY, J /1 productions.
* Fixed-target: photoproduction in pA, antihyperon in pHe, A, polarization in
pNe, quarkonia and DO in pNe and PbNe .

» Exclusive photonuclear J/{ production in ultra-
peripheral PbPb collisions

» J/Y and D? production cross section in pHe collisions e Upgrade of the SMOG system: SMOG2 100 times more luminosity
» Anti-proton production in pHe

Planned a factor >10 more integrated luminosity in Run 3!

Thank you >



