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LLHCDb detector

> Acceptance: 2 <7 <5 » A single arm spectrometer in forward rapidity,

> Vertex detector (VELO) optimized in measuring particles containing ¢
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» Tracking system " / / T M
Ap Smp- /| SPDIPS yonp V2 o
. 7 =05-1% _""f / Magnel T;” R MEic.x\L =
(5-200 GCV/C) ? \RlCHl oy
> RICH vty /| /T
. Lu«.rrz? / L —
e K/7z/p seperation A —
» Electromagnetic + hadronic '

calorimeters

» Muon system \ d L
VA s O L ==
» Results presented 1n this talk are - /Y C 9 . L
based on this configuration _sm| / | |
|

Already upgraded for Run3! more later

Ny



LHCDb heavy ion collision modes and datasets

» Collider mode rapidity coverage

e y*: rapidity in nucleon-nucleon cms

Sy =2.0 TeV

Q *
ECAL AL

Pb Pb Forward Mag RK‘H:SP_:‘.PS v ‘
syv =69 GeV '

Collider mode

Fixed target mode

4‘ /] \;‘ | _. e
i {5 N

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

—y
o
n

B o Collider mode ® Collider mode

Bl s -816Tev | || A | _ INVA
- * pPb/Pbp: U~ LT
® 5.02 TeV and 8.16TeV |
pPb (forward): 1.5 <y*<4.0
o
PbPb:

PbPb PbPb

[ HOAL AL Mg MS

2013 | 2015 | 2016 | 2018 S TeV Backward . Rwsm1 I i
viagne 2 Ml -

" .

—
o

—
<

recorded luminosity [nb]
||||| [ |||||||| | |||||q [ |||||||| [ ||||||||

—
e
n

centrality-limited to 60%

.........

—
<
]

Beam Energy Fixed target mode

2500 GeV ® Fixed_target mode (SMOG) jam N
0 4000 Gev it} |
B 6500 Gev

—h
o
|III|

—_
LA [

) on target [10%9

(Pb

o pHe, pNe, p AI‘: SNNN 100 GeV Pb . ." j p .....

i ® PbNe: /syy ~ 68.6 GeV O e, || ] ] [
10_2; | 1-’_“”“““ %__H E

9
-
O
o pNe pHe pAr pAr PbAr pHe pHe pNe Ne PbNe
< 2015 | 2016 | 2017 | 2018 3 Pbp (backward): —50<yt<—25




LHCD in heavy 1on physics

Collider mode centered

Q* ~ m*+ py
Excellent for studying pp/pPb collisions .16 TeV pPb Other Collision Systems
: : I LHCb LHCDb 110 GeV
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Constrain nPDF with LHCDb data

An example
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® ANNPDF3.0 arXiv:2201.12363

® LHCDb measurement of prompt D" production in pPb collisions
JHEP 10 (2017) 090 at 5TeV makes an impressive impact on reducing nPDF
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New heavy ion results in this talk
Link to all publications (with references)

® pp, pPb results
® Light flavor:

® charged hadron in pPb 5TeV PRL 128 (2022) 142004

* 7Y production in pPb 8.16 TeV arXiv:2204.10608, submitted to PRL
® Open heavy flavor:

® prompt DY in pPb 8.16TeV LHCb-PAPER-2022-007, in preparation

® b-hadrons in pp 13TeV arX1v:2204.13042, submitted to PRL
® Z boson in pPb 8.16TeV LHCb-PAPER-2022-009, in preparation

® Exotica: y.,(3872) in pp 8TeV and pPb 8.16TeV LHCb-CONF-2022-001

® PbPb results
® A}/DP ratio in PbPb collisions LHCb-PAPER-2021-046, in preparation
® Quarkonia photoproduction in UPC collisions =~ LHCb-PAPER-2022-012, in preparation
® Fixed-target (SMOG) results
® Antiproton in pHe 110 GeV (detached) LHCb-PAPER-2022-006, in preparation

® Charm production in pNe and PbNe at 68 GeV) LHCb-PAPER-2022-011, in preparation
LHCb-PAPER-2022-014, in preparation
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_IFT.html

%lﬁ Prompt charged particles in pPb and pp collisions at 5 TeV

Differential cross section PhysRevLett. 128 (2022)142004

» Inclusive prompt charged particle spectra shed light on the 1itial state of the collision

» LHCDb probes unprecedented Bjorken-x range with forward coverage:

e Forward: 107°<x< 10~

e Backward: 102 <x< 10!

Prompt charged particles: 7, K, p, =&, 2, Q, e, u...

=~ 10°R LHCb LHCb , LHCb
: : = PP \San= pPb, \s5,=5 TeV § 5 pPb, {5, =5 TeV
» Prompt charged particle yields o Prompt charecd Prompt charged
measured with tracking system = 10 particles particles
=
» Kinematic coverage: <" 10° | 0x208 =
o
e p>2GeVie,02 < pr < 8GeVic = | oaas 4 3.0qp-25 %
=~ 102 2.5<n<3.0 -3.5<m<-3.0
o ppi 2<n<48 5 107+ 25, + 354n<
e pPb: 1.6<y <43 = fF30mss 400<-3.5

e Pbp: —5.2< n < -— 2.5
» Total uncertainty

e Down to 2.8% in d*c/dndpy

e Downto4.2% in R p,
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» Nuclear modification factor:

o _ 1 Ao pr)dndpy
PP A d*c,,(n, pr)/dndpy

A = 208
» Strong suppression at forward rapidity

» Enhancement at backward rapidity for
pT > 15 GeV/ C

» pQCD+Multiple Scattering model can
describe PHENIX backward data, but
1s unable to reproduce backward data
from this measurement

» No model can successfully describe
the data across the full rapidity range

Nuclear modification factor R p,

Prompt charged
particles
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Prompt charged particles in pPb and pp collisions at 5 TeV

PhysRevLett. 128 (2022)142004
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%I& Prompt charged particles in pPb and pp collisions at 5 TeV

PhysRevLett. 128 (2022)142004
RprvsxeXp ................................................ yseve ......... ( ...... ) ................
» m2 n o ¥ _ Qexp o1 ALICE: JHEP1811(2018)013
exp Pt “ep s CMS: JHEP 04(2017)039
*1: : 2 —— LHCb, -3.0<n<-2.5 —— LHCb, 2.5<n<3.0
) Aqullary Varlables xexp and Qexp —+— LHCb, -3.5<n<-3.0 —— LHCb, 3.0<n<3.5n
o 1 6 —f— LHCb, -4.0<n<-3.5 —— LHCb, 3.5<n<4.0
° 1 and D the center of each bin QQ-: 14 LHCb, —4.5<n<-4.0 LHCb, 4.0<n<4.3
Q: ) —+— LHCb, —4.8<n<-4.5 —— LHCb, 2.0<n<2.5
o 11 = 256 GeV/02 1 —4— ALICE, -1.3<n< 0.3 —— CMS, -1.0<n<1.0
. . 0.8 Ii —— HHJ:FH £3
o Indirect study ot the evolution of R p, 0.6 e
. oAl A
with x and Q? 842L 0.75<Q§Xp<0.85 GeV?/ c?
» Continuous trend of R py, with x,,, <
. ) 2,
at different ();,, across forward,
middle and backward rapidity
regions.
7<Q? <10 GeV/¢? 45<Q> <50 GeV?/c?
10° 10 10* 107 102 107! 10 10* 107 107 107!
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U 0 pl‘OduCti()n in pr COlliSi()nS at 8.16T€V arXiv:2204.10608

submitted to PRL
I e/—l_é
® First 7' result in forward rapidity at LHC. | 11
* 7Y production in pPb sensitive to nPDF at low and high x ‘L&_ﬁ
® By constraining nPDFs, study nuclear effects beyond nPDFs '] g+
. Y

Charged hadron 1n pPb: large enhancement at backward rapidities

® Disentangle effects from different hadrons, help differentiate between = tiaon oa P, \/ﬁ S 16TV
contributions from nPDFs, initial state multiple scattering and final-state = 4! f\ 25 <oy <35 -
effects = | I 20< pr(r) < 2.2 CeV
e : : no | + Data '
Gateway to direct photon production measurement = 3l : —  Fit
= | +
2
O
® Construct 7¥ — yycdl

* 1.5 < p;y <10.0GeV/e
® pPb: 2.5 <95y < 3.5, Pop: —4.0 <y < — 3.0
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o M(yy) [MeV]



7" production in pPb collisions at 8.16TeV

70 differential cross-sections submitted to PRL

® pp reference for R p: interpolation between 5 and
13TeV

0]
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7' production in pPb collisions at 8.16TeV

Nuclear modification factor R submitted to PRL

® pp reference: interpolation

between 5 and 13TeV Backward rapidity Forward rapidity
® Forward (pPb): Q25;1.5- LHCh ' - : _-LHCb ' -
® Strong suppression | SROR ey t— ‘ ? |
_ ool."‘. ’ A XXXX]. J
® Data smaller uncertainties L0 SSe e

than the nPDF uncertainties

,

nCTEQ154+LHCH DO
EPPS16+LHCbH D°

® Lower than CGC calculation 0-5:' b7, V/onw =816 TeV, —4.0 < rjent < —3.0-

° , 77 i |
Backward (Pbp):  cac | ¢ 10, e =816 TeV, 2.5 < ey < 3.5
® Cronin-like enhancement 2 34 5 6 78010 2 3545 6 780910
pr |GeV] pr |GeV]
® Larger than nPDF Gt
calculations, similar to the Rorb = 208 o
PP

charged hadron result
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7" production in pPb collisions at 8.16TeV

arXiv:2204.10608

Nuclear modification factor R submitted to PRL
® pp reference: interpolation
between 5 and 13TeV Backward rapidity Forward rapidity
o .
FOI‘W&I‘d (pr) 5;1 . LHCb LHCH
. . s
® Consistent with charged | e
hadron result | S0 UO AUy LI + - | |
LI L L = [ R e
° : | - | A—"Te -
Backward (Pbp): | L el ? :
® E -
nhancement less 051 _
L 20 Jenn = 8.16TeV, —4.0 < ney < —3.0 - L ¢ 710 /snn =8.16TeV, 2.5 < nam < 3.5
pronounced than charged = b, san=5TeV, =35 <nem < —3.0 | 4 b, /san=5TeV, 2.5 < nem < 3.0
hadrons | hE, /3NN =5 TeV, —4.0 < ney < =35 | hE, /SN = 5 TeV, 3.0 < noy < 3.5 |
® Indicating a mass-ordering . 345 607 Fval}O . 1567 ?val]()
effect - T
- Upr
PP 208 x 0,
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® Precise measurement of prompt D' production in pPb collisions
® 20 times larger statistics than previous LHCb DY result at 5TeV
® DO S5 K- 7Z'+

® Use impact parameter to separate the prompt and b-decay
components

* 0<pr<30GeV/e
®* pPb: 1.5<y<4.0;Pbp: =5.0<y<—=2.5
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Prompt D" production in pPb collisions at 8.16TeV

LHCb-PAPER-2022-007, 1n preparation
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Prompt D" production in pPb collisions at 8.16TeV

R and differential cross-section LHCb-PAPER-2022-007, in preparation

— 4 LHCb8.16 TeV
" 4+ LHCb5TeV preliminary

I EPPS16 + D"

0] 0

R = I nCTEQI5 + D 4 }

st b T 0100

prompt D’
25<|y*|<4.0
I ! ! ! ! I !

5 0 15
D |GeV/cC]

=)
AN
(S
!
| | I | | | | I | | | | I

® Forward-backward production ratio Rpg

® Low pr: consistent with nPDF expectations

® High py: data > nPDF
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Prompt D" production in pPb collisions at 8.16TeV

Nuclear modification factor LHCb-PAPER-2022-007, in preparation

4 LHCDb 8.16 TeV EPPS16 + D’ OpPb

#LHCb 5 TeV [MnCTEQ1S + D° preliminary Rppp = 208 % o
CGC1 [JCGC2 pp
prompt D’
Forward —
T gL gL LI Wmﬁmnﬂﬁmu AL [FETIIIIII] pp reference
from
K *
20<y*<2.5 25<y*<30 interpolation
between 5&13
TeV data
\ THEP 06 (2017) 147
Backward — -o—.—’lgll-'l-liﬂl ,,Mmmmm;"“'“'.'”'”.””i"'-ﬂ" - MMMM%W'!"" JHEP 05 (2017) 074
40<y*<-25%" 30<y¥<-25
0 5 10 0 5 10 0 5 10 0 5 10 0 5 10
p. [GeV/c] P, |GeV/c] P, [GeV/c] p. |GeV/c] p. |GeV/c]
® Forward:
. . . ﬁz_l"'l"'l"'l"'I__I"'l"'l'o"l"'l_
® Suppression consistent with 5TeV DY result o~ HLHCDS.16TeV I EPPS16 + D . ]
. 4 LHCb 5 TeV I InCTEQI15 + D ]
® Consistent with nPDF and CGC 1.5F CGCl 1 CGC2 ]
4 reliminar I reliminar ]
* Backward N .
® Data lower than nPDF at high py e ‘lﬂ"”|||||||||||||IIMJ%%:E A '
. : . g _ = 1 Li g
® Room for additional effects in the backward rapidity 031 prompt D" I prompt D" ]
l full-pT range _ hlgh—pT range :
® nPDF calculations do not describe data for 2%, z° and D’ A S S S
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Z" boson production in pPb collisions at 8.16 TeV

Z. boson differential cross section LHCb-PAPER-2022-009, in preparation

50 | -
i CTEQ6.1 LHChH ]
® vt . . : - CT144+EPPS16 ]
Z boson negligible interaction with the nuclear 40 o S OTEQG 14nCTEQLs  PPP VA = S16TV
medlum - : _+_ Data LForwara = 12.2 nb~! :
’g "~ preliminary Loacovara = 18.60b™" i
® Sensitive only to initial-state with a well " 30 + -
constrained final-state S F Fovat 1545 <40 :
— T 20 Backward: —4.0 <y} < —2.5 —
® Clean probes of nuclear matter effects on the initial YL + -
state. 10 =
® Compatible with nPDFs EPPS16 and nCTEQ15 ; :
0
Backward Forward
- T 1 i — ] ! A1 BN S0 L B LN B B
120 LHCb . Das 1 _ 80F LHCbH e D = 10 lim LHCb - CTRQ6 LHCD
E 1005_ in \[T =8.16 TeV g _f g 70 :;PkaKNd: 816 TeV + o % preiminary ?SEW;QN_N:&16TGV > E ol S §$E&E12PnségEQl5 z;i’fwﬁg—l\] =816 TeV I
N orwar N 60 acxwar = 100 E * — N . « N i ata 1.5 <y; <40
T 80 + 4 & — —— E = [ orelimi
Z : 1 = N 1 < [ prelimmary
& of + 2~250 3 g Z~ 150 N i - s — :
ks - (a.) fwd ] = bwd ~ . gTEQ6.1+nCTEQl5 = o +
= - = I fl ata T;T i i
% 405 reliminary 3 % T reliminar _T10- R . L0 —i -
p y p y RS
. ++ 1 ° IR ) * o :
Eecttptgy™ : e T TR 3 T R b L T
060 80 100 120 100 120 1 10 100 01.5 2.0 2.5 3.0 3.5 4.0
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Nuclear modification factor R

Z" boson production in pPb collisions at 8.16 TeV

LHCb-PAPER-2022-009, in preparation

® General good agreement between data and nPDFs EPPSI6 and nCTEQI15
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Backward —
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b hadronization in high multiplicity pp collisions at 13 TeV

BO/BO arX1V52204.13042
.................................................................................................... s T .. -submittedtoPRL

® Production of bb pairs at hadron colliders dominated by hard parton-parton interactions in the initial stages,
well described by pQCD calculations

® Enhanced strangeness production in light-quark baryons and mesons observed by ALICE  Nature Phys. 13 (2017) 535

® Possible quark coalescence — enhanced BSO/BO ratio with increasing particle multiplicity, especially at
low pr

B), = Uy — ptu )mta”

e
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o S LA L  L L B AL B L AL 160 F N L L R L B B B B R
Q _ i ke - _ -
S ook LHCb pp \El— 13 TeV E = .0F  LHCb pp \Gl— 13 TeV :
g - S.41b § e 04D
@ gof tData — Total fit — Background | = 1208 1100 <NYELO < 125 ) + e
%/ - B =t/ yata WBB)—J/ yata %/100:— e =
'g i acCKS 'U
g 40r 1 8
@) - O
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b hadronization in high multiplicity pp collisions at 13 TeV

([ ([ o [ ([ o arXiV:2204. 1 3 042
................................................................. B//B" in different multiplicity metrics ~bmitedio PRL
; 1 11 I 0.5 I I I | I I I | I I I | I 0.5 I I I | I I I | I I I | I
I 5 "LHCDb pp \s=13 TeV] o "LHCDb pp \s=13 TeV-
L » . | ©  [0<p, <20GeVic sat’] 0 [0<p_ <20GeVic 54 b
) - 1w - .
© 04F | 4 © 04F -
® Total VELO multiplicity: «»++ -------- fomnnnee
® Increasing trend
® Multiplicity measured in backward _
region: $ pp—>BB+X -
. . +,o——> O% D
® No significant dependence _ L acinc A _ )
- 0,0 : - a) | _lefe—=>Y(55)—=BB - b)) | lete—Y(5S)—>BB
® Indicates B;/B" increase related to the o 1 11 oqb—— vy
local particle density around the B 0 2 4 6 0 2 4 6
VELO VELO back back
mesons Ntracks / <Ntracks >N0Bias Ntracks/ <Ntracks>NoBiaS
®

Compatible with expectations of

coalescence
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b hadronization in high multiplicity pp collisions at 13 TeV

1 | | | | | | | T I I | r
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® Low multiplicity: consistent with values in eTe™ collisions

®* 0 < py < 6: increases with increasing multiplicity, s!

® Higher py intervals: no significant dependence, consistent with e*e™ data

® Qualitatively consistent with expectations of coalescence
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Exotic hadron production in pPb and pp collisions

X1(3872)[y(25) LHCb-CONF-2022-001
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Exotic hadron production in pPb and pp collisions

X1(3872)[w(2S) LHCb-CONF-2022-001
® 1.1(3872)/w(2S) ratio increases with system size ™ | | L CMS
l:} I
® nPDF effects largely cancel in the ratio, final state effects + |® T p.>15GeVic-
dominant 5 s
>
® x.1(3872) behaves differently than y(2S): coalescence S = 1. HCh
dominates over break-up 1n pPb? r 1 .. i
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Rpp(x1(3872)) < € [ ]
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S| F T ]
JHEP 03 (2016) 133 A o i m _
o 2T T T T T T T T T T T T —
Q;‘S* 18 —@— LHCb, prompt P (25) g =
LGE P sy =5 Ty ey AN -
77 SN
1.2F% —— E. loss
1?- ;%///;}y //// - E. loss + EPS09 NLO : 10_1 B .
of iy . :
0.6F . el I -
0,42— | { | —@— ) 2<y<4.5 | l5<y<4 | -5<y<-25 | lyl09
CEpnsleVe PP pPb Pop  PbPb
" 2 0 2 4 03



AZF/DO production ratio in peripheral PbPb collisions at 5 TeV

Signals LHCb-PAPER-2021-046, in preparation
R n 1 - 1 ] ~ 80p—m————————————— -
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%l& Aj/DO production ratio in peripheral PbPDb collisions at S TeV

LHCb-PAPER-2021-046, in preparation

A i | | ! ] X L | ' ' ' | ' ' ' ] A - T - 1 T
= ~ LHCb Preliminary PbPb =5.02 TeV ~ I - _
< IF LHCD preliminary PbPb s, = 5.02 TeV H < I ¢ 2 :e In:'41la5ry<N > ﬁ; 754+ 10 31__ < Ir LI-_erb Preliminary PbPb |sy = 5.02 TeV i
A e . Ay i Y <89 <Nar : 1 7 C | I 2< p._<8GeV/c,<N _>=15.75+ 10.01 _
| ! 2<p <8GeV/c,2<y<45 ] i Uncorr. uncert. i i Unco:r. uncert. part i
0.8 i Uncorr. uncert. . H 0.8 j Global uncert. 5.16 % - 0.8 I Global uncert. 5.16 % -
Global uncert. 5.16 % preliminary - preliminary - - —— PYTHIA 8 + CR pp@5TeV i
0.6 — 0.6 — 0.6 o —
i _ i i i preliminary :
0.4 — 0.4 \.‘k\% *~ 0.4 _—
sl =F F - 02l = = 0ol BB n
T+ . F ] RQM+Frag . L | .
- - - —— PYTHIA 8 + CR pp@5TeV - - =1 .
O_ N T R R O_I | . . . | 1 O_ | L |
10 20 30 2 4 6 8 2 3 4
<N > p.1GeV/c y
o ° . o o
® Flat dependence vs. (N,,,,,) ® Enhancement at intermediate pq- Compatible with flat dependence

vs. rapidity
* (AY/DYY ~ 0.27
®* PYTHIAS + Color Reconnection: compatible with data within 3¢
® Standard Hadronization Model is above the data

® Needs better understanding of charm hadronization
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AZF/DO production ratio in peripheral PbPb collisions at 5 TeV

LHCb-PAPER-2021-046, in preparation
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LHCb PbPb |s, =5.02 TeV
¢ 2<y<4b, <Npart> = 15.75+- 10.01
[ ] Uncorr. uncert.
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® Lower values than ALICE in

midrapidity

* AT/ DV ratio systematically lower than ALICE measurements in midrapidity

® At/DY ratio dependence on rapidity?
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%l& J/yw photopr

oduction in ultra peripheral PbPb collisions at STeV

New measurement using PbPb data taken in 2018

LHCb-PAPER-2022-012, 1n preparation
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J/yw photoproduction in ultra peripheral PbPb collisions at STeV

LHCb-PAPER-2022-012, 1n preparation

First coherent yw(295)
measurement 1n forward
rapidities at the LHC

First measurement of
coherent charmonia
cross-section vs. pr 1n
PbPb UPC

Reasonable description
of data by models
based on nPDF/CGC.
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Comparison to 2015 measurement
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photoproduction in ultra peripheral PbPDb collisions at STeV

LHCb-PAPER-2022-012, 1n preparation
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® New results is above the older 2015 measurement by 2.0o0

® Compatible with ALICE data
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% SMOG: fixed-target program L/ S

RICH2 ECAL
- M1

vertex
locator !

Fixed target mode
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(He Ne, Ar...) Pb Gas (Ne, Ar)
: : Gas
e SMOG: System for Measuring Overlap with Gas Injection TR 2 TT T
e Anoble gas (He, Ne, Ar) at ~2 X 10~/ mbar pressure injected into the LHC o T om om
vacuum around the LHCDb interaction region | |
e Originally used to determine luminosity, since 2015 started to collect fixed-
target collision data
- .
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Charmonia in pNe collisions at 68.5 GeV | .. ...

In preparation

8, 1400 A —
é 1200; A LHCb —f
° . . . « e o B J/w ~ 4.5k \syn = 68.5 GeV pNe _
Charmonium production modified by 1nitial and final state T 1000p S o .
effects in proton-nucleus collisions 8 soof- / | preliminary -
@ - :
* Modification of PDFs inside nuclei, CGC 5 00 B
. | . . . S 400F -
Nuclear absorption, multiple scattering, energy loss 2 ]
200 -
* Comovers _..,..,ﬁsj ..... ‘g _ ressesessssas
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m(u*u’) [MeV/c?]
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Charmonia in pNe collisions at 68.5 GeV "o
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Differential J/y production cross-section
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* HELAC-ONIA using CT14NLO and nCTEQ15 under predicts the data

Good agreement with predictions with (1%) and without an Intrinsic Charm
contribution [PRC103 (2021) 035204]
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Charmonia in pNe collisions at 68.5 GeV

LHCb-PAPER-2022-014
In preparation

'E' B ' ' ' ' L | ' _ l§ 22'_"'| ' L ' L L ' L _'
Q - .. . 2. "7F \syy=68.5GeV pNe -
o _ LHCDb preliminary + i ~ - %“ o P LHCDb -
=] - 3 \|s,, =685 GeV pNe _ g £ 2 - i
E - NN - D-E- b—) : - :
e ¢ |s,=86.6GeV pHe _ o By - ] _
el 103 — T o a — +i +i 1 8 __ __
= - - S S 1.6 @ . —
S - - lE F -
ll\ | i . i* * ) m 14__ 1 ]
— — + - ""|-® NA51p-p, d, \sy,=29.1 GeV -
Q. * * —O NAS5O p-Be, Al, Cu, Ag, W, \/% =29.1 GeV T
\6’ ) * 12 | @ NAS50 p-Be, Al, Cu, Ag, W, Pb, \/s = 27.4 GeV _
10 F % other experiments = A E771p-Si sy, =38.8GeV . .
- - A E789p-Au |s,, = 38.8 GeV preliminary -
o . 1.....I p 0oy ol Loyl
102 1 10 10
(s [GeV] A

® Total J/y cross-section: extrapolation to full phase space using Pythia8+CT09MCS PDF, assuming forward-backward
symmetry.

® shows a power-law dependency with the center-of-mass energy 4 /sSnn

® w(2S) to J/y production ratio in good agreement with other proton-nucleus measurements at small values of target atomic
mass number, A.

® The first measurement of w(2S5) to J/y production ratio with SMOG
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D" and J/ y In PbNe collisions at 68.5 GeV

LHCb-PAPER-2022-011, in preparation
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* The first measurement in fixed-target nucleus-nucleus collisions at the LHC, v 0160, LHCD
a milestone for the SMOG program _
* Search for the potential formation of quark-gluon plasma. Look for the onset of 2030% 10.20% |

the transition from ordinary hadronic matter to the QGP. :

Ll IllIII|

Suppression of charmonium c¢ bound states due to presence of the hot and dense
medium

L Illllll
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D' and J/y in PbNe collisions at 68.5 GeV

Production ratio J/y / D° vs. py and y*
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Compatible with no dependence on rapidity

Suppression of ¢¢ bound states: measure charmonium together with the overall charm quark production

The production of D° mesons reflects a large fraction of the overall charm quark production

DV acts as a reference for studying quarkonium modification inside nuclear medium
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D" and J/y in PbNe collisions at 68.5 GeV S T preparaion

J/y | DY ratio as a function of N,

, CDD I | | | | | | 1 I | | | | | | 1 I
* Assumi N,,i)*and N, 2 (S =
ssuming 6, & (Neop)™ and opo ¢ (Negp) ~ | LHCb preliminary ~VSw=08.5GeV
==> 0,100 & (Noorp)* ™ ot 107 —$- PoNe -
* o' =0.82+£0.07

Agree with measurements from proton-
nucleus collisions by NASO Phys. Lett. B 410 (1997) 337

J/y production affected by additional nuclear
effects compared to DY

* No anomalous J/y suppression is observed
that could indicate the formation of QGP | . L . ]
1 10 10°
Ncoll
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% Detached antiproton in pHe collisions at 110 GeV

LHCb-PAPER-2022-006, in preparation

SMOG input to astrophysics

JCAP 1509, 023 (2015)

1073 ———— —
¢ PAMELA 2012
¢ AMS-02 2015
* p/p in cosmic rays sensitive to a possible dark matter
contribution -
* Precise p production cross-section 1n interstellar medium (H ¥ oo / e
and He) necessary to interpretation data 7, Uncertainty from: = Cross-sections
- Propagation
. . . ' Primary slopes |
* A first measurement of prompt p production in pHe | Solar modulation
o o . —6__ A S e L
collisions at 110 GeV using SMOG  PRL 121 (2018) 222001 10 1 5710 50 100
Kinetic energy T [GeV]
* Extending the first measurement: antiproton from anti- C —
-= - 101g (a) It
hyperon decays (detached p) x
T
T 107
T
{ 10~1
T 1 AMS-02 (010t
; —— Baseline prediction
%& 102 Total uncertainties

Phys. Rev. Research 2,023022 (2020)
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LHCD

Exclusive measurement (signal based):

Dominant anti-hyperon contribution from A
exclusively reconstructed

* A= prt: (50.7 £0.3) x 10° candidates
o(pHe — AX — prt X)

Detached antiproton in pHe collisions at 110 GeV

LHCb-PAPER-2022-006, in preparation

Inclusive measurement (track based):

* Anti-hyperon H = A, X, 2, Q
° template fit of p impact parameter:

* Prompt, detached, secondary collisions

from materials

oc(pHe — HX — pX)

R- = o
A= — H — 0
O(pHe — ppromth) O'(pHG — ppromth)

N = — T T T T ] =

N — T T T ] N = ]
O n o - arvas HCb preliminary —— Data prompt p __
> o B LHCDb preliminary —— Data B ?;3 10 = pHe s = 110 GeV -+ detached p --- p from material =
é) - pHC \Snn = 110 GeV . Slgna] - %* 10 é_ o %{h_ost :-;- Z’_ _é
~t i N . T Background? = - | .
N 103 = Exclusive Model N S 10° & Inclusive _E
- = = ) = =
3 : - S . ul -
& B — U 104 E_ ““““““““ _E
7p) 102 — —= - T P R =
2 R e W - 10° g LT TRy, e g
o P2 o L kb - e ]
o 5 13 2 \‘%"\ """"" P SIEE AL O
s UH t . P A DI RN
O S S I - .%\’I L2 s.\s.\w,../ R

1100 1110 1120 1130 _5 0 5 10

m(ﬁn: +) [MGV/ C2] 38 IOg(XIz )



HC
M Detached antiproton in pHe collisions at 110 GeV

LHCb-PAPER-2022-006
In preparation

0.6

0.5

0.4

0.3

0.2

0.1

R

o(pHe — AX — prt X)

i —
O-(pHe — ppromth)
] ! ' ' | | ' ' 3
— LHCb preliminary —— Data —
- pHe \sy = 110 GeV —— EPOSIZ9 -
— —— EPOS-LHC
- . —— HUINGI138 -
B Exclusive ]
- —— PYTHIA N
= : + =
- | | | -
0.6 0.8 1

1.2

p transverse momentum [GeV/c]

0.7
0.6
0.5

04

=
@S

0.2
0.1

o(pHe — HX — pX)

Rz = -
" J(pHe — ppromth)
f_ LHCb plrelilminlaryl _._ l[)atla —f
= pHe ysy = 110 GeV —— Eggg 11?1?1(3 E
: —— HIJINGI38 =
++.+ nelusive 5‘&@?&‘%1104 -
; —— I
EEI;?;'_A_!—A—! —
1 2 3 4

p transverse momentum [GeV/c]

* Indicate a sizable underestimation of detached p contribution in most hadronic production

models used in cosmic ray physics
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LHCDb phase-1 upgrade CHOBTDRAI

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Full software trigger New tracKing systems: New electronics fox_calorimeter

Stlicon upstream tracker (UT) and muon chambers
cintillating tracking fiber (SciFi)

® Remove L0 hardware triggers

® Read out full detector at 40MHz

[ . . .
pp requirements: 40MHz collision Side View

rate, pile-up factor ~5 ECAL Rl M4 MS
M3 —

New Pixel VELO SciFi ~ RICH2 M2 ™

Tracker ———
L et
. @l | / —
an o ,?-; I

New RICH optics and photodetectors



LHCDb phase-I upgrade

LHCb-TDR-12
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SMOG VErtex LOcator sensors

T T e S S m

e 1 1

up to~ 10 “mbar on 20 cm

~ |0 mbaron+/-20m l

e SMOG?2: Storage Cell for the gas upstream of the nominal IP (z 1n
[-500, -300] mm) and precisely calibrated Gas Feed System.

e (as density increased by up to two orders of magnitude —
much higher luminosity

e More gas targets: Ho, D2, He, N2, Oz, Ne, Ar, Kr, Xe
e beam-beam and beam-gas separate luminous regions:

— simultaneous pp-SMOG?2 data-taking

— large statistics

e Physics: LHCb-PUB-2018-015 No centrality

limitation!
e Intrinsic heavy-quark

e p-Gas collisions: nPDFs, gluon anti-shadowing at large x, cold
nuclear matter effects

e Pb-Gas collisions: QGP formation, rapidity scan at lower
energy

e Astrophysics
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LHCDb phase-1 upgrade

Performance results LHCb-FIGURE-2022-002

® PbPb: track reconstruction up to 30% centrality in PbPb collisions —> study QGP effects

®* SMOG?2: simulation studies of simultaneous beam-beam and SMOG2 data taking find no show stopper so far
PbPb SMOG?2
> ] L S A o> LOFE=ppitpHe = —pp+pAr’ T L oL oL o
2 HE PbPb LHCb Upgrade simulation _- 5 L4 pp —pHe ]\“/}éggUl;fr adevsgﬁ‘(‘)la“on =
L T . ) S 2 .2 == Rec.ble distr. CiL-00 Pt ==
Q B Rec.ble distr. VELO eff. on VELO Pdl’t- = G | B s m— g e——————————————————————————
= | S, s i — b 0.8 E- A —=
— - T — e ok e o =
T S e SN I - =
0.8 < 0.4 E- —
:E B .l = 0.2 E- —
S 06 —: > E ' =
; = i = 2x107 | | =
- | 8 10 = ,-m’f“ =
: : TN . _
021 = % e b |
E = é 2x{8_3 = =
0 T T T L S 3x107 E _ o
= = ] >

0 10000 20000 30000 400 200 0 py 200

Number of hits in the VELO detector
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Conclusion
A few highlights

> Precision measurements of A, z° and DY production in pPb collisions
» Forward rapidity: precisely pin down nPDF at small x

» Backward rapidity: models cannot reproduce data, additional effects beyond nPDF

> Enhanced BY/BY ratio in high multiplicity pp collisions
> First exotic y,.;(3872) measurement in pPb

» AF/DV ratio in PbPb

» First and precise measurement of coherent charmonia pp spectra in UPC PbPb collisions

» First SMOG nucleus-nucleus result!
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Conclusion

nanks

studies at

with excellent detector

performance and unique kinematic

coverage.

kinematic regions with varying system
S1Ze

e rich program in unexplored energy and
e high statistics without centrality limitation

central events, enabling QGP

LHCb
» SMOG?2

program,
» Unlock PbPb collisions up to mid-

» LHCD has a rich heavy 1on physics

» After the current upgrade




Backup
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LHCD in heavy ion physics

Collider mode centered

PHYS. REV. D99 052011 (2019) JHEP 11 (2018) 194
: —— A AL R B

-~ 500 — | ~ :
§ 450 F LHCb pPb §600 - LHCb syn=95-16 TeV, pPb E
é) 400F (spn=8.16Tev [ 4 Data %500 : - E
350 _F (nS)
- Fit - l
= 300 — Signal Q400 Background
® Unique forward rapidity coverage 5 Graial 3 5300, — Total -
= ; ombinatoria =
e —0 =
® . . o g0 e 150 .B+%D Kt ‘_4200 - _
Complementary to experiments at midrapidity 2 100 gmo;
. . . . . . U 50 l;eo“oo “«) \ O - B T
® Precise vertexing, full particle identification, o B Mtrsongns . oF |
excellent tracking 000 >200 2300 5600 9 10 B
m(D 7*) [MeV/c?] M(utu) [GeV/c?]
® Separation of hadrons originating from ¢ and
b quarks PHYS. REV. C103 (2021) 064905
. « [ +Data LHCb
® Hadron reconstruction down to very low py % so- Mol fit  ppy 5 =8.16 Tev
° . . E E D chsigglm Converied photons
Heavy tlavor 1s an LHCD specialty = 40 signal 15 <yF<40
g 305— fﬁ
20[- i

0 300 400 500 600 700 800
AM [MeV/c?]
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Overview of heavy ion results
Link to all publications (with references)

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

® pp, pPb results
® Light flavor: charged hadron, 7 production in pPb collisions at 5 and 8.16 TeV, ridge (pPb 5TeV)

® Open heavy flavor: prompt D (pPb 5TeV, 8.16TeV), AT (pPb 5TeV), b-hadrons (pp 13TeV, pPb 8.16TeV),
double charm production (pPb 8.16TeV)

® Quarkonia: J/y (pPb 5TeV, 8.16TeV), w(2S) (pPb 5TeV), Y(pPb 5TeV, 8.16TeV), y. (pPb 8.16TeV)
® 7 boson (pPb 5TeV, 8.16TeV)
® Exotica: y,.,(3872) (pp 8TeV, pPb 8.16TeV)

® PbPDb results
® A}/DY ratio in PbPb collisions
® Quarkonia photoproduction in UPC and PC PbPb collisions

® Fixed-target (SMOG) results
® Antiproton in pHe 110 GeV (prompt, detached)
® Charm production in pHe, pNe, pAr and PbNe (68-110 GeV)
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_IFT.html

Prompt charged particles in pPb and pp collisions at 5 TeV

Rpr VS. Dt PhysRevLett. 128 (2022)142004

» Nuclear modification factor: . — _
1.6 [#]LHCb, 48<mn< -45 .
P 1 dzUpr(ﬂ, pr)/dndpr Q:Q* - [#]LHCb, 30<m<-25 -
pPb — 5 1.4 — [JJALICE, -13<n< 03 iy - -
A d Gpp(" , Pr)/dndpy - [4JLHCb, 20<mn< 25 ._H_.'_H_._._I—E-‘—'—:_;_I ]
_ 1.2 LHCb, 40<n< 43 e e
A =208 N —— =y i -
. . qe 1 __..|_E_ """"""""""""""""""""" —ta— EH—M;

» Strong suppression at forward rapidity e =

» Enhancement at backward rapidity

0.8 ﬁ I_E_I,_@_.'—E—' | :
N — _
for pr > 1.5GeV/c 0.6 == ,_E_,'—@—'I_E_I 5
» Continuous trend from forward to 0.4 - LHCb -
backward rapidity 0.2 San=> TeV -
. . - Prompt charged particles-
» Enhancement in the backward region 0 S T | SR
starts at lower pr for higher |7 | 1

10
. |GeV/c]
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(d*c)/(dydpr) - 107" [ub/(GeVc )]

D° pp reference

® Calculated with a power law function using 5&13 TeV pp data THED 05 88%3 07

T T | T T T | T T T — T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
LLHCb DY POWHEG+NNPDF3.0L 7103 3 LHCb DY POWHEG+NNPDES.OL |
103 V/s=5Tev [_1FONLL . > e [ GMVENS
-@- $ ——————— . GMVFNS (D 1 I —
. Nl - — — S—
101 = . - \ 2.0<.y<2.5,m:0 — }é_ 100 — - | 20<y<25, m=0
= * . . — = 100} | i .
L L S | '  E——
= . . i S ) — —
10 . i . — 25 Sy 230, —.2 = o [ 4%_ 2.5<y<3.0 m=2
———y—————— 1 b 0 . —<4 | 1 = i
L : —~ I | =
-3 o — I
10 [ . ° y 3.0<y<3.5,m=4 ] 5]0_3-_,_.__: —— i
o . —— ! o : — . %10_4 1 | 4E=I — | 30<y<3.5 m—4
=S * - B — i —] ! ' : .
10 , . ——35<y<40,m=06 %10—5 i LT = ]
. 1 L . 1 I —— ] — —#f
10°7 L s | i = = RS T) il S— e i e  35<y<40,m=6
& 40<y<45, m=38 10~7 L — - 5 ' ‘—:
1077 | ' : 1078 | ’ ‘ ,i 40<y<45 m=8
—9 : t } .
i ————
10_11 ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] 10 . . . . . . . . . . . . . . : L : : : L : : : L : : : L :
0 9) 4 6 Q 10 0 2 -+ 6 8 10 12 [léeV/c]
pr [GeV/c] PT
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RAC / D°

AT/DY ratio in pPb and PbPb at STeV

S 1
1 L L] L] | L] L] " l L D
i RQM+Frag LHCb PbPb s, =5 TeV % 0.9E LHCb PbPb s, =5 TeV
0.9 —— PYTHIA 8 + CR pp@5TeV T 2<y< 3.5, <N__>=15.75+- 10.01 D£< ' ¥ 2<p <8GeVic, <N >=15.75+10.01
Uncorr . uncer tf 08 Uncorr. uncert. P

Global uncert. 5.16 %
% LHCDb pPb@5.02TeV - 2.5 < |y| < 4
LHCb Pbp@5.02TeV - 2.5 < |y| < 4

Global uncert. 5.16 %
' % LHCb Pbp@5.02TeV - 2 < p, <10 GeV/c
06E — PYTHIA 8 + CR pp@5TeV

0.5 \
T
|

0.3 - —53: H—
L1

0.2
0.1 _i_‘
0
2 2.9 3 3.9 4
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SMOG2: statistics in 1 year data taking

.....................................................................................................................................................................................

simultaneous pp-SMOG?2 data-taking

Storage cell | gas gas flow peak density areal density time per year int. lum.
assumptions | type (s71) (cm™?) (cm™?) (s) (pb~ 1)
He 1.1 x 10 1012 1013 3 x 103 0.1
[Ne 34x10°  10®  10°  3x10° 01|
JAr 24x10% 102 10®  25x10° 80 ||
1 Kr  85x10 5x 10" T 5x10%  17x10°
SMOG2 SC | Xe 6.8 x 10 5x 10" | 5x 10" 1.7 x 10 25
H, 1.1x10% 10" | 10%3 5 x 106 150
D, 7.8 x10% 10§ 1013 3 x 10° 10
O, 2.7x 10 1012 | 1013 3 x 103 0.1
N 3.4 x10% 102 ¢ 103 3 x 10° 0.1
Int. Lumi. 80/pb
No centrality limitation! Sys.error of J/¥ xsection ~3%
JI'Y vield 28 M
O o
SMOG2 pAr @ 115GeV D yleld 280 M
A, yield 2.8 M
P’ yield 280 k
Y(1S) vield 24 K

DY u*u~ vield 24 k ;



Z" boson production in pPb collisions at 8.16 TeV

Z. boson differential cross section

. ° ° ° ° °
Z boson negligible interaction with the 40 (e e P N
. I LHCb ! I LHCb
CTEQS6.1 CTEQ6.1
IlU.Clear medlum = L CTlﬁEPPSlG pPb o =8l16Tey 1 == | CT1§+EPPS16 pPb /snw =8.16TeV ]
° = 30 CTEQ6.1+nCTEQ15  Forward 4 2 30 CTEQ6.14+nCTEQ15 Backward —
‘4 : ‘4 : - ata b <yy <4 - - ata —4.0 < yp < —2. -
Sensitive only to initial-state with a oo B o~ [t e
. = =
well constrained final-state ~ L ¢ 1 S )
< B 3 u
PS =) i + = i +
—> clean probes of nuclear matter =& T !
. e & 10 [ $ 4 R0 + _
effects on the 1mitial state. <= [, S T
. _I_ —_— O i | | 1 | I | | | | I | | l | I 1 | | | I | I‘l | . O I I 1 1
Z = uu 15 20 25 30 35 40  —40 3.5 3.0 25
Yz Yz
|||I I I I ||||||I ||_ I T rrrri 1 I ||||||| I I ||||||| I'TH
50 ¢ | - . LHCh : . LHCh :
e CTEQG6.1 [LH - . E il AN E— —_ v 3
: Ty EPDS 16 Cb : = o ;;1;3 ;id— LU - gzsk\\;; S16TeV
10 CTEQ6.14nCTEQI5 PP vesw=8161TeV o 7 — 102k ey S T e . -
- L 4~ Data Lrorward = 12.21b7" i 'y — o ] = E _,_+ :
= - Liackasd = 18.6nb7" - = L CTEQS.1 BN 1 2 L CTEQS.1 Y -
— 30 | _ s CT14+EPPSI6 < = CT14+EPPSI6 3
| - - +i CTEQ6.1+nCTEQ15 ] +i CTEQ6.1+nCTEQ15 i
= B + - 1 10Y & 4 Data * 1 10Y &= 4 Data 3
JEL : Forward: 1.5 <y7 <4.0 \ EN 1.5 <y} < 4.0 EN C 40 <yl < —25 =
— T 20 — Backward: —4.0 < y3, < —2.5 N\ ,% 10_1 B ,% 10_1 i ¢ _5'
u:bN : _ E
: + : _2 |||||| | | ||||||I l l ||||||I L1l 10_2 | | ||||||| | | ||||||| ||||I | Li1lll
10 = - 0.00 0.01 0.10 1.00 10.00 0.00 0.01 0.10 1.00 10.00
E E ¢77 ¢77
0
Backward Forward 53



Z" boson production in pPb collisions at 8.16 TeV

ity

........................................................................... Nuclear modification factor R p,

3,0 : | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIII: —I ' ' ' vl IIII I L]I:_Iél:; I IIII I = 2,5 B | | | | I | | | | I | | | | I | | | | |
- CT14+EPPS16 LHCb ] 3 __ CT14+EPPS16 __ i CT14+EPPSI16 LHCb i
2.5 - . ggtEaQ6.1+nCTEQ15 ];Pb\/ZN—N—&mTe\/ B -, ggtEQG.HnCTEQB ?wa;i?—N_&mTeV : 20 B b thEQ6.1+nCTEQ15 :;Pb \/ZN_N =816TeV 7
20F 20<y; <40 —f [ 20<yp <4l ] E 2.0 <yy <40 ]
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S [ ] v i L Ny o0 i + i
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1-1(3872)/yw(2S) ratio in pp collisions

Phys. Rev. Lett. 126 (2021) 092001

E 0.14
|
ok -+ Prompt b decays

1 0.12
. IR =
= | Comover Interaction Model, Esposito et al.

Ly, _._:::.' ;
Tl ¢ &7 wss Molecule Compact - Molecule
< T % (coalescence) tetraquark (geometric)
= | 008
y\ 4 J . J
% |8 ——
3|3 —51—
\}5 5 0.06 it
m a -
r':. N 0.04
vt bs O o .
N 02
O

0
0 50 100 150 200
VELO
tracks
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%l& J/yw photoproduction in ultra peripheral PbPb collisions at STeV

PbPb data collected in 2015 arXiv:2107.03223

Mintysaari et al.

" "K’*‘“H*H*{HH

® ®
=== |S fluct. +GLC

IIII| 1
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—
@
L
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1

| . . . . | == no fluct. +GLC

3000 3500 4000

® Impact parameter b > R, + R,, Wl
[
® No actual hadronic collisions UJ = V]
® . . . b>R Al' R’B 'I | AN I 4\/\/\/\)‘1. | ,"
Interaction through the quasi real-photon cloud from one or both nucle1 i a
R ( |
® Photon flux o« Z* —> reaction rate o Z* \J z
® Vector meson produced with the interaction between a photon and a /|
pomeron
o — Guzey et al.
® Probe the nuclear gluon distribution functions at a hard scale g 5 LHCb — LTA W
Q2 ~ m2/4 : . INN =15 TeV = LTA_S
T g S 10 ub — EPSOO
3 = | | - - — b B N Goncalves et al.
% = —§— data = @) B F
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Coherence J/y in UPC PbPb at 5TeV

Comparison of results

—o— [LHCDb 2018data
LHCDb 2015data

0.0 FT LT IR T T T T T T T T T T T T T T, —a— ALICE data
5.0 E LHCb —= .
= - uzey et al.
- 45 E= .\ PbPb /sny = 5.02 Te\/—: —— [TA W
< 40 “.. " Coherent J/v) productiond ----TTA S
= - S 1 — EPS09
*@ - D + \\. = Krelina et al.
3.0 F p}w o —— GBW+BT
~~ 925 E N, = --—-- GBW+POW
=  E T~y t+ q — KST+BT
=2.0 F TN — GG-hs+BG
% 1.5 — — Mantysaari et al.
1.0 = = no fluct. +BG
0.5 = = Goncalves et al.
O O E | | | | | | | | | | | | | | | | | | | | | | L y DCGC—'_BG
V- ... bCGC+GLC
0 1 2 3 4 9 [P-SAT+BG
Y- [P-SAT+GLC
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PbPb PbNe centrality determination

® Centrality determined from Ecal energy using fits to Glauber model

">—' 1 — T T T = 29 id'o_'} A T TN . T R R — = 30 il'O_'? —T T T ] T ]
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=10 o 20f 5 %10_1 a4 25F =
- ~ - . S - -~ 201 S
107 2030% |0 500 = I5F 20-30% = > 2 SN 12008 ey 7 - 1
z S, E 10-20° : z: <& I5F -
10 s 10 | m Lid ” : ]
% 3] - - @ B ]
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2107 2 sk E S EE :
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E 2 &5 E ]
i : - ; o _ : :
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%l& J/y photoproduction in peripheral PbPb collisions at STeV

coherent J/y signals Phys. Rev. C 105, 1032201

Hadronic production Coherent photo-production

 One of the first LHCb PbPb results in hadronic collisions, using data collected in
Nov-Dec 2018, with luminosity L~230 ub~!

e Low py J/y excess observed by ALICE in PbPb and STAR in AuAu (PRL123, 132301, ] ._, "
PRL116, 222301) g e

Pb

e Measure the photo-produced J/y yield in peripheral PbPb collisions (60-85%)

. | L . — omeron) — J/
e The coherent and incoherent J/y production can be distinguished from their p shapes 88 J/ Y }’(p ) '
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%% J/y photoproduction in peripheral PbPb collisions at STeV

invariant yields Phys. Rev. C 105, 1032201
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» Photo-produced J/y yields measured with high precision

e Decreasing at larger rapidity

o Consistent with constant with respect to (Npa,,t)

» The shape of coherent J/y transverse momentum distribution 1s measured for the first time at the LHC, very
similar to the pr shape seen in the UPC result!

» Data qualitatively well reproduced by models, with and without nuclear overlap effects
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SMOG datasets and results
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% Detached antiproton in pHe collisions at 110 GeV

LHCb-PAPER-2022-006, in preparation
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