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LHCD

Heavy-ion physics at LHCb detector
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» Excellent for measurements of quarkonia, heavy flavors and exotica states, etc INST 3 (2008) S0800c] I

» Unique capability in different running modes Muon Station

_ _ hardware p trigger
suy =82 TeV suy = 5.0 TeV e(L—)~97%
e(m—p)~ 1-3% misID

Cherenkov Dectectors
©® — «— — K/p/m separation .
e(K—K)~95% | ;
e(nm—K)~5% misID : |

Collider mode

i
P— B = Eb Vertex Locator I I

M =110 GeV Syy =69 GeV IP resolution ~ 20um |

R Decay time resolution ~ 45fs .

Fixed target mode - —F ? @ g Prompt/no-prompt separation |

P as
(He,Ne, Ar...) Pb Gas (Ne, Ar) | :
See Chiara Lucarelli’s talk I i
» Large forward momentum boost
v Precise measurements down to low-py Lol

v Clear separation for prompt and non-prompt
» Unique forward rapidity coverage

v Crucial to constrain nPDFs

. 7. Tracking System Calorimeters
v Study QGP effects at forward rapidity TT and OT ECALHCAL
Etri~96% e/y identification

AE/E=1%®10%/VE(GeV)

v Probing saturation (low-x) and shadowing (high-x) 8p/p ~05%-1.0%(5-200GeV)

» Major Upgrades completed
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Hard Probes: Heavy flavors measurements ~ “7”

...................................................................................................................................................................................................................................... ® @

» Heavy quarks(charm, beauty) have large mass, strong interaction with QGP differently from light quarks
» Initial production calculable with pQCD even at low-p+

» Heavy flavors measurements at LHCb:

F Open Charm \ / Open Beauty
Lots oof ogen—ghilr"m | o
results(D?, Af/D° EF ...) in By /B" in pp at 13 TeV
@ - pPb/PbPb colhslons at LHCb [Phys. Rev. Lett. 131 (2023) 061901]
D*,D} in pPb at 8.16 TeV A} /B in pp at 13 TeV
[arXiv: 2311.08490] w [Phys. Rev. Lett. 132 (2024) 081901]

=

» Study the nuclear modification factor: get information of medium by measuring how they are modified in
heavy-ion collisions, compared to pp collisions(no medium) as reference
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Prompt D7, D" production in pPb at 8.16 TeV
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Why study strange hadrons:

» Offering unique probes of the hadronization mechanism: Fragmentation or Coalescence?

HCbH

(3
iIFT"
/@D [2311.08490]

\_
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/pr: a good system for multiplicity interpretation )
» Low multiplicity: resemble those of pp collisions EH
» High multiplicity: occupancy similar to PbPb o
Common: increasing trend with dN,, /dn occurs
» For all p; intervals
» For both forward and backward regions
Discrepancies: comparing data and predictions b+
» Pythia8 model under-estimates the data ﬁd,
» EPOS4HQ+coalescence depicts the increasing trend ©

across all p; intervals
Strangeness enhancement:
» More pronounced at low-p;
» Qualitatively compatible with coalescence mechanism

0.2

i + LHCb pPb s =8.16 TeV 1.8 < y*<3.3

| | LHCb Pbp {5y =8.16 TeV -4.3 < y* <-2.8

—
—f—
e
 F —
P Gl e FFEsEssIcoaL . -
2.0 <pT<4.0 GeV/c

ALICE pPb ysy, = 5.02 TeV -0.96 < y* <0.04 ]
L —|— ALICE PbPb {5y =5.02 TeV Iy*| < 0.51[

""""" 40<p <60GeVic |

ALICE pp Vs =13 TeV hy*I < 0.5
| —— LHCb pp (s=502TeV 2.5<y* <4

| 4 e*e’

" —— Pythia8 CR
™ - - - Pythia8 Monash gl
[ —— EPOS4HQ pp i

" --- EPOS4HQ pp w/o coal
- gty |

60<p_<80GeVic 80<p_<120GeV/c
L . IR | o | . = TrRCETETrE B
10 10? 10 10?
chh/dn chh/dn
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Conclusion: First observation of strangeness enhancement in
charm quark hadronization in high-multiplicity small systems




/ Could we see strangeness enhancement in open beauty? ./G In I\

[Phys. Rev. Lett. 131 (2023) 061901]
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O 3 N = ] 3 E = :
v Apparent increase of By yield compared to > 10l LHCb pOTBTV 2 f LHCb R
0 . [ [ ° 2 : - " 7. : E 120:_ —:
B® as a function of multiplicity o sof tDaw —Towlfi — Background 1 1200 100<NEP<12s | :
= L B >J/yrntn BB~ wrtn ] = 100 7
Q - E Q 3 p == == Jstrangeness
@ 60 C VELO n :c?v' 80 Ienh_ancement
;é 40: : = ZO_ : : -
v Enhancement more notable at p; < 6 GelV//c  § %} CIA: :
20 20f E
BT T, V"“-“. ........... L Al ---g “- r
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2 R N N M, zr [MeV/c?] M), zr [MeV/c?]
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o 095LHCb pp V5= 13 TeV ] o : - LHCb op Vs =13 TeV © o ' LHCb op V5= 13 TeV]
LS F B sam'] w00 b oBEX sam'] % +ppoBBX 541!
19 o8k iiete—>Z'>BB 3 © ogk iiete—Z —>BB 3 Y ok iete—>Z'>BB 3
! E Jete—Y(5S)—>BB 10 E Tete—Y(5S)BB ] E Jete—Y(5S)—>BB ]
' 0.7F —PYTHIAS (CR) A4\ 07F —PYTHIAS (CR) 3 0.7F —PYTHIAS (CR) 3
! o6k -'PYTHIAS (w/o CR) "1 1| ek --PYTHIAS (w/o CR) 0.6k |- ‘PYTHIAS (w/o CR) ;
' "B - Linear fit 1 "B - Linear fit ] “F | - Linear fit ]
L05 105 ]
]
i 04 04
03 L 03f N
i 02 i 02k NVELO = Number of tacks in VELO
] 1 2 3 -
b Ol @) 0<p <6Gevie 1 1 0lF 6<p, <12GeVlc E OIF ) 12<p _<20GeVic
: 0: 1 1 1 I 1 1 1 I 1 1 1 I 1 : : 0: 1 1 1 I 1 1 1 I 1 1 1 I 1 : 0: 1 1 1 I 1 1 1 I 1 1 1 I 1 :
' 0 2 4 6 i 0 2 4 6 0 2 4 6 C o
' °
\ VELO VELO I' VELO VELO VELO VELO On(:luSlO n [ ]
\‘\\ Ntracks /<Ntracks NoBias ,’ Ntracks /<Ntracks NoBias Ntracks /<Ntracks NoBias
Yes!
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» Observed a strong baryon
enhancement with
multiplicity

» Reproduce result of
ete”(QCD vacuum) as
multiplicity approaches
ZEro

» prtrend compatible with
measurement in pPb

collisions
Qiuchan Lu

/Study hadronization mechanism with open beauty (A} /B°):

LHCb
P> 0

¢ ete—72"—bb _E

N il E

—+ pp—bb + X, global uncertainty: *

pp Vs=13TeV :
54 fb! ’ E

_*_

+19%

% 7

2 4 6

VELO VELO
Ntracks / <Ntracks NB

Conclusion:
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[Phys. Rev. Lett. 132 (2024) 081901]

0.8 [T T T T [T T T ] T T T T
A} LHCb pp V\s=13TeV ]
().7'—\ ¢ 2<y<45 3
-\ b 2<n<5 ]
06F \ i PYTHIAS 3
Nl | PPb (s =8.16TeV
0.5 sl b 25<y<35 4
C f.: 35<y<-25
0.4r
03F *HFH.\&

02 :_ ' “|||l|“|III|IIIIIIIIIIIlIlI‘#‘ llﬁu\ﬂ'umuﬂlﬁﬂﬁs
0.1F == SHM+RQM == EPOS4HQ+co¢11 -
0 - 1 1 1 1 | 1 1 1 1 ] 1 1 1 1

0 10

Better agreement with the coalescence picture being dominant at low p;

20 30
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------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ® S
» Due to color charge screening, charmonia dissociated in QGP: | F |
» Sequential suppression:
» Quarkonium productions are “melted” at dissociation temperature m —
» Weaker the bound state, easier to be dissociated / P (2S)/]/P in pp at 13 TeV\
1 3 . [JHEP 05 (2024) 243]
» Charmonia regeneration: W(2S)/]/1 in pPb at 8.16 TeV
» Quark meets the other anti-quark [THEP 04 (2024) 111]
Xc(3872)/¢Y(2S) in pp at 8 TeV

[Phys. Rev. Lett. 126 (2021) 092001]

Xc(3872)/¢(2S) in pPb at 8.16 TeV

» Bound state recovered in final state

» Cold nuclear matter effects(Non-QGP effect): [Phse, Rev. Lott, 135 (2024) 242301
» Co-mover, energy loss, nuclear absorption, etc.. Fraction of y. in prompt //y in pPb at 8.16 Ter
L [Phys. Rev. Lett. 132 (2024) 102302]
» Quantify in small systems (pp,pA..) k

Sequential suppression — color screening

» » )= » i »
o O o <o
Q) » %
\ | o
» n @ W -
00 '0 @
. > - » . 0 A :
Temperature (Energy density)

Co-mover in non-QGP Sequential suppression

Production Probability

Dissociation in QGP Regeneration in QGP
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Y (2S)/ J/y in pp collisions at 13 TeV

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

pp collisions as a starting point

HCbH

[

fote

L ’:‘».T'

Initial-state effects cancelled

[JHEP 05 (2024) 243]

2_ 1.4_ T I T T T T I T T T T I T T T T I ] b:} 16: T 7 > 16_ T T T I T T _
p— = -1 | _ i - - .
© u 1 72 14F LHCb pp Vs=13Tev - % - LHCb pp V(s=13TeV i
© 13f LHCb pp G=13Tev 3 2" ¢ o s :
Q C 1 < 12F H PIomP 4 °© - & B
> 12F 1 2 i 13 :
© L-2F i 3 if-tlf oo > D | S e E
o n 1 E g @ 1 E F § .
2 Lip E A : 1 2 osf : E
— B N\ - C B3 L 4
S - H . IH - 6F—+03< p_<20GeVic — r+20< y<28 .
E 1 A 1 srrreeeees E """"""" E """""""" ] 06 [ 4+20< £1<4.0Ge\//c —+-60< p, <80GeV/c 7 0.6 [ 428« §<3,5 i
$5 E \\ﬁ&\ E 04F —I:—I4.(I)<IpTI<I6.OIGeIV/CI + SI.0<I pIT<I20I.0 IGe\I//cI 1 .__ 04 E_:_345< y<45 _:
Z 091 Mk = 0 ! 2 3 4
- NN > ] NPV NPV )y 0 1 2 3NPV /(va4 >
n . tracks tracks"NB tracks tracks’ NB
0.8 F+ prompt \NE . .
L promp t DINNNE Non-prompt production: no multiplicity dependence
" <+ non-promp N
0.7F — .
L[] co-mover model . Prompt production:
[ L L L L I L L L L I L L L L I L L L L I L ]
0 '6() 1 o) 2 4 » Decreases as a function of multiplicity, describe well by co-mover model
- T PV PV
Increasing multiplicity N tracks/ (N tracks>NB » Stronger dependence with the multiplicity as a function of p;

» Similar dependence with the multiplicity as a function of rapidity

Conclusion:
Very precise measurement of (non-)prompt charmonium in pp collision as a function of multiplicity.
Testing production mechanism as a baseline for the studies in pPb collisisons.
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Y(2S)/ J/Y in pPb collisions at 8.16 TeV

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

@ Hcb

ﬁ: ;
[JHEP 04 (2024) 111] W 35

Rpr [O-(I/)(ZS))] § :IIIIIIII ! I 'llllllll: § : T T IR e e e B
RPPD _ Myes) _ D@y PPP 2815k . 2815
Y(28)/]/% — gpPb T o@@S), & | ' S
Jb s(J/P) PP B % % ] g |
Of non_prompt productions are compatible % 1.0 _$$ ...... % ....................................................... - % 1.0 _
with unity as expected, with larger uncertainties s ‘I’ s
due to the smaller statistics. 0.5 — 0.5 LHCb_:
Nuclear effects affect b-hadron production [ ] [ :
: . I (Forward pPb ] I Pbp ] :
B rather than their decays. 005 T s 012 R R T TR PR
et DIV pr[GeViel .-
o oPb . . § [ L L LU B IIIILII—IICIbI: § [ AL LR | IIILi—II(I:I[)I
Ryy2s)/;p ©f Prompt production is suppressed ¢dus] elisf by | ]
in pPb compared to pp. = | =
§ 1.0 I S 1.0 _$ .............................................................. . §
I & % :
Y (2S) and /¢ are both affected by initial-state o5l + $ $$$$
effects, but Y (29) is also more affected by final- 1 0 ] 1
state effects. o i ]
0 2 4 6 8 10 12 14 e P — :
S O] e PGV
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"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Q}
Charmonium suppression in pPb? Initial-state effects cancelled I F |
Rpr [w] [JHEP 04 (2024) 111]
RPPD pes) _ - a(J/p) PP
W@S)/IMW T ppPh WS,
% — T

oU/) PP <1507 1.50
< L LHCb =L | | | | ]
» The additional suppression seen @591 - E 55125 LHCb 4 LHCb Vsay=8.16TeV ]
. : : R - 1 &~ . N —— CGC+ICEM A=20MeV -

in prompt p(2S) productionis % : 1 ¥  COCAICEM A = 10MoV
compatible between the *g; )] S———————————— 1 2 1.00 B COMOVERS E
. . - ] = - E
forward (pPb colhsl.o.ns) and S sk B —++— 1 5 sk M :
backward (Pbp collisions). = ¢ 1 & 075 T :
» Consistent with 5TeV results 050 T ] 0.50 |- -
with much higher precision. 05k 4 LHCb v5an=8.16TeV - ]
. L 4 LHCb /syn =5TeV i 0 - )

» Results can be described by ob et Ly Forward f Ba | . Forward
models (CGC+ICEM, co-mover). 0.0 4 2 0 2 4 0.00 ==, ) 0 ) 4
%
y v’
Conclusion:

Precise measurement of (non-)prompt charmonium in pPb collision.
Important to constrain factorization breaking with respect to the final state in nuclear collisions,
in order to interpret quarkonium data in heavy-ion collisions.
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Fraction of y. in prompt J/y in pPb at 8.16 TeV @

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" FI-)%}
F _ Oxe—Jfy N xe—sJpy Direct J/yp from x. decay I
Xe—>J0 = - : S
‘ T Jhp N Jip €xc/Jhp Direct J/Y + contributions from feed-down from 1(2S) and y. decay [Phys. Rev. Lett. 132 (2024) 102302]
_ b A The first measurement for
=R LHCb O pp Vs =TTeV 2< |y*| <4.5 _ _ the fraction of y, in
2= g4 |VEw =816Tev ® pgl}; 155(’) <y < 4-(; - . Occ Ebb N prompt J /i yield in heavy-
8L ° ® pth —of<y <2 : T(15) ion collisions at the LHC!
o [ polarization uncertainty B—J/ .

Y(1S) 1100 MeV

J/ 640 MeV
Y(2S) 530 MeV

IIIIIII)

. ée% : TJ e | BOE @] _____
. "

| freeze-out

1 2 3 45 7 10 20 1 1.2
pr.p [ GeV/e] Binding energy [GeV |

¥n(2P) 300 MeV
=] xc Y(35)180-220 MeV

Y(2S) 50 MeV

» Forward rapidity consistent with pp results, backward largely consistent with pp at higher p;.
» Looking at ¢(25), with binding energy below freeze-out temperature, ¥(25) shows significant suppression.

» Compared to ¥ (3S), similar binding energy as y., ¥ (3S) breaks up while y. does not.
» (non-relativistic potential theory): Y (35) is 2.9 times heavier, traveling the medium slowly than the y,

» Favoring its dissociation by its interaction with co-moving particles
Qiuchan Lu ICHEP@Prague 1



Hard Probes: Exotica measurements & neb

......................................................................................................................................................................................................................................... : Ly &
[Phys. Rev. Lett. 132 (20248 242301] &S
» 20-year debate of y.1(3872) structure:

o ! ! ' CcMS
: & | p,>15GeVic
> (R
X |>
NI
@ @ =1 1F LHCb .
2 v 2 2 § - p.>5GeV/c .
(") © '
Q - i
Compact tetraquark Hadrocharmonium Hadronic molecules g_ § i I:ﬂ ® _
et |
Oxc1(3872) - o : 107 p B
» —~<—"= increases as the system size increases, while decreases as ]
O (25) [ 2<y<d.5 | 15<y<d | -5<y<25 | Wl<09 ]

multiplicity increases inside pp collisions. Pbp  PbPb

. oM e
E E . 3 ~+ Prompt 4 b decays E
Conclusion: % s 0 E_ P Cl\j)[rrllovelr Interactico:ml\;lgilel, ]:;g;go;i[tolet clzl, _E
The first measurement of exotic hadron y.;(3872) in proton-nucleus collisions! sl F (conlescence) tetraquark T (geomerric) 3
0 0 0 0 0 0 % (\\_l/ : - -
Supports the idea that the exotic hadron experiences different dynamics in the KERTa ™ E
. . S R -
nuclear medium than conventional hadrons. BB # ‘# E
- — ]
bQ‘ 6 002 — -
0 - | L L L L | L L L L | L L L L .
0 50 100 150 200
NVELO
[Phys. Rev. Lett. 126 (2021) 9, 092001] mds 19
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Take away message

.......................................................................................................................................................................................................... ® £
\.)e:f’
» LHCD provides an unique and excellent way to study heavy-ion physics: I | |
» Accessible in large range of Bjorken-x, crucial to constrain nPDFs as well as cold and hot nuclear matter effects

» Providing new and precise measurements of heavy flavors, quarkonia, exotica in different collision systems

» Still plenty of results coming out from Run2 data-taking:
» Most precise open heavy flavor measurements in pPb collisions
» Most precise quarkonium measurements in pp and pPb collisions

» Last but not least: Ultra-peripheral Collisions(coherent quarkonia) and light flavors(flow, n° 5, 7', nt, K%, p,p..in pPb)
haven’t discussed in this talk but also excellent measurements!

» Ambitious upgrade plan on heavy-ion physics program z T e € O ey Comtratity: -

is well underway: b Pl 2 ke sty § 30-40% 3

. =) Ssmim E

. donan  1020% 0%-10% S/ 550 El-gfLZ,EK?fO%-4O% ++++ _g

» Upgradel: LHCDb already reconstructed PbPb collisions down to g > ++ E

30% centrality - big milestone for heavy-ion program % 400 +++++++++++++++++++H ++++}ﬁ+++++++++§

. : : : S 3

» Upgradell: aiming to achieve the whole centrality region(0-100%) 00 E
dedicated detectors for UPC to be installed 0 20 40 60 a0 #0 a0 500 S0 520

ECALE [TeV] M(z*m) [MeV/c2]

[LHCb-FIGURE-2023-030]
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Rypu(pr,y") =

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

l d2Upr

FT)

(pr,y*)/dprdy*

A d%0p,(pr,

y*)/dprdy*

Forward: stronger suppression for & F4-LHC fig=816Tev § EEPPSIGOHE F mcac 1. ™ ] ]

R,pp(D°) than at low-py, possibly due 1510 Pw=s2tev 4 Mcreoismiir 4 Clece: {4 } :
to the fully coherent energy loss (FCEL) | prompt D’ 3 . ] | :
effects besides nuclear shadowing. N, _/ s "t ﬁ:‘ﬁ" TR '+[F @f*""'"""_
..................................................................... IR ARRTIIR T RSN L 25< <30 }730< RAREGIEE WISt LU

= f ] i k
. 1.5F . $ $ . ot ]
more suppression for R,p,(D°) IM_ — M. Mlﬂllllullllllm
than v 2 i

at low- pr, indicating additional
initial or final state effects.

F —40< y*< =25

-30< y*< =25

——

-35< y¥< =30

-40< y*< =35

-45< y*< =40

0 1.0 0 10 0 llO 0 10 0 10
P, [GeV/c] P, [GeV/c] I8 [GeV/c] N [GeV/c] P, [GeV/c]
i 2 -1 - T - - .l .l T T
" g 348< Q) <748([GeV’| 748< Q2 <1948 [GeV’] ~4-LHCb sy =8.16 TeV 2(DOY + M2(DO
1eE e - LHCb {5y =502 TeV Texp = \/pT ( zNN ( )e_y* and ngp = pp2(D°) + M?(D°)
128 4 ALICE |53y =502 TeV
E NN . . .
O _jﬁ Jﬁn o () EPPS 16rwHE Stronger suppression than calculations in x~0.01 at larger Q2.
8‘21 prompt D’ I:InCTEQISerF
& 13E 1948 < ., <3948 [ [GeVZ] 39048 < Q§XP<I67.48 [(;eVZ] I 6748 < Qfxp<I103.48 [IG Conclusion:
1.6F .,
{;‘21‘; 4 + ﬁ' 4 The most precise measurement of prompt D°
05 - ‘#ﬁ? c%* production in pPb collisions, constraining nPDF
04F . . —
o2k, o R parametrization down to x~107°.
10710 107 107 107y 107 107 107 107 107y 107 107 107 107 107
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Prompt charged particle production in pPb and pp at 5TevV  ** cb

ia

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" O \%‘,{
1 . 1 d°65y, (1, pr)/dprdn : ye : + Rt o= |
Studying cold nuclear matter effect: g, )= 1£%h unidentified charged particles: 7, K, p, ...
’ c
A dz"pp(’?’ pr)/dprdn [Phys. Rev. Lett. 128 (2022) 142004]
F LHCb 1 Prompt charged -E'Data EPPS16+DDS
San=3 TeV 1 particles — CGC
[ pQCD+MS

7

Forward: strong suppression of charged particle 2

production in pPb collisions relative to in pp. Well described
by the models(nPDFs, NLO CGC). Po

| 4.0<n<43

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo """;."“II"""'"""'I"""""I.""‘.'!':"' 4”1"“11};-’:.’:']"""']".’ .1""?1'1.1.1.-?-:-!":...“)'. 0.]_]_,_' I'I'T]I"T‘T"l"lb‘l.‘l"l.‘i.‘g !'.‘.1‘-’:ﬁ‘r"r"rri'rrr'i'1"..
18
~ 1.6
QU
: - e B R Bl By o g
- ‘_B_' + S, + Y 7 .&' S, /
more suppression at low- p;(< 1.5GeV),while 12f WWM.W/% .%///////////////W%W; L Sty .f/////////)}/‘%
h t at high- p(> 1.5GeV’). Inconsistent with osf & 2 : ‘
ennancement at nig pPr . ev ). 1nconsistent wi e d ; R I I/
. y 6r 7 '
theoretical models(nPDFs, pQCD+MS). %i L I e ~3.0<n<-2.5 ~3.5<n<-3.0 —4.0<n<-3.5 —4.5<n<—4.0 —4.8<n<—4.5
MEFEPE EMEPEPE BPEPEPE EMEPEPE PR IPENTPE PEPEPE PEPETE BPEETE PR BPTPETE EETE EETE EE PE TR T M P PR T PR T T
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c]
ol T e e B 2 P4 p? and xy, = 22 oo
x“& }g E| LHCb: 4:5<:<74:0 - LHCb: 4:0<2<4:3 E Vsaa=5 TeV g E exp =m + pT an xexp = S €
2F| —%— LHCb, —48<n<-45 —F— LHCb, 20<n<2.5  Prompt charged particles Hil':ﬁ + E NN
1H ALICE, -13<n< 03 —&— CMS, —1.0<n<1.0 I £ SRS 3 .
08k e ElEE E e 3 A consistent trend between LHCb measurements (forward&backward)
o — i and ALICE and CMS(mid-rapidity) is observed.
02k 0.75<Q? <0.85GeV¥/c?  } 3<Q? <4 GeV/c? E
o 16f o : : I (R A Conclusion:
~14F J’:f: . F}' E3 ’_;:% 7 . . .
= T S SRt W The first measurement of determination of such
0.8F _FP‘::B ¥ 73 3 3 .
0o i - cross-section in pPb at the LHC, and the first
05f 7<02, <10 Gev?/e2 i 45<02 <50 GeV?/c? : . . .
p{ SO AAR e 2 measurement in pp collisions at 5TeV.
10° 10° 10 102 102 107" 10° 10* 107 102 107!

Xexp Xexp
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n’production in pPb and pp at 5TeV

R, py,

05 ¢ 70 /san=8.16TeV, —4.0 < Nep. < —3.01
S\ nCTEQ15+LHCb D°
v/ /1 EPPS16+LHCb D°
— CGC

1.5f LHCb

o]
Ay
=
0.5¢ . -
¢ 70 /snn =8.16TeV, —4.0 < e < —3.0
+ b=, \/snn = 5TeV, 3.5 < flom, < —3.0
W, /sN = 5TeV, —4.0 < o, < =35 |
2 3 4 5 6 7 8910
pr [GeV] k
Qiuchan Lu

- LHCDb

¢ 0 /snn =8.16TeV, 2.5 < 1jem. < 3.5

- LHCb

0 /Enm = 8.16TeV, 2.5 < fjom < 3.5
i, A/SNN = 5TeV, 2.5 < Nem. < 3.0
= /N = 5TeV, 3.0 < Nom. < 3.5

+ -

(NS S

3 4 5 6 7 80910:
pr [GeV] s

1ICHEP@Prague

[Phys. Rev. Lett. 131 (2023) 042302]

Forward: Agreement with nPDFs predictions and
charged hardon data, sensitive to low-x~107°.

Enhancement below the charged
hadron data, but above the nPDFs predictions.

Potential explanations:

* Mass-dependent enhancement from radial flow
* Baryon enhancement inal-state recombination

Conclusion:

Very precise measurements of nuclear
modification factor, with 6;,:4; < 6%
in almost p; intervals.
Constraining nPDFs in small
collisions systems.
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n,n'production in pPb and pp at 5TeV

.
............................................................................................................................................................................................................................................. @® Q
4 od . ’
entified 1 { mesons:
M )

Studying mass-dependent nuclear effects :
[Phys. Rev. C 109 (2024) 024907]

10*
LH 0 x
o i gg JForward + o ¢ o LHCb  Backward+t » ¢ = ) LHCD Data |
. v/ SNN = O. € + n . v/Sny = 8.16 TeV + n/ = pPb, m — 816 TeV . Fit ——
2.5 < Yem. < 3.5 —4.0 < Y. < —3.0 g 95 < <35 Mixed event
0 S Yem : Correlated I
-~ EeinE = . S 3.0 <pr <3.2GeV
5 B T T 1 14
S| — = T Ao i ol g
. . o At A4 —--1-, = — A 45
= B A4 ¢ I T 5 2
ﬁj@% fizy - n-vy
O
0 L A .
0.5 E =
' 2 3 i 5 6 7 8910 U9 5 3 I 5 6 7 8 910 x10°
pr [GeV] pr [GeV] LHCb Data |
pPb, \/sxx = 8.16 TeV , Fit —
3 2.5 < Yor < 3.5 Mixed event
’ e ) Correlated .

7T <pr <10 GeV

v The Ry,pp, of m°,1,7n' are in agreement.

v No clear indication for mass-dependent nuclear effects.
v' Interpretation of baryon and strangeness enhancement studies in small

collision systems.

Candidates / 2 MeV
[\)

—_

=
o

BG subtracted

900 920 940 960 980 1000
M (mt7~n) [MeV]
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Studying hydrodynamics of QGP created in heavy-ion collisions:

LR B T 1
N 0-3_ LHCb PbPb {5y =5.02 TeV

SNN

8 e LHCb2<7<49p >2GeV/c |

<+ ALICE 60-70% 1 n1< 0.8

B
]
§ ¢ ATLAS 60-70% | n1<2.5

’Ufb(@Tb» = \/Vn(<pr>7 (Prs))

rapidity, possibly due to the dominant
freeze-out phase in forward region
leading to a weaker flow.

[Phys. Rev. C109 (2024), 054908]

- Centrality 65-75 % (a) T Centrality 75-84 % (b) 1 2D angular correlation functions
v,, v3 measured at LHCD are smaller C(An, Ad) = S(An, Ag)
than those at ALICE and ATLAS at mid- B(An, A¢)

2< IS 3GeV/c
75-84%

(d)

o ATLAS 70-80% | n1<2.5

oaprz=n=4a9p 226Vl Sharing same features of rising v, and

T va at pr < 2.5 ¢8Y/ and falling at high
3 atpr

(d)] Pr-

AMPT simulations overestimate both
o flows.

Forward rapidity coverage provides new

Constraints on ﬂow modelS. Stronger ﬂOW in Pbe than in pr COlliSiSOHS

~0.2F
[ 1 I L1l I L1l I L1 1 I L1 1 I L1 1 I L1l I L1 1 I L1 1 I L1 1 I- Q .
2 4 6 8 10 2 4 6 8 10 Con.clusmn.
b [GeVic] »_[GeVic] The first flow harmonics measurement at LHCb!
T T

More results are coming out!

Qiuchan Lu ICHEP@Prague
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» Coherent photo-produced charmonia production in UPC with 2018 PbPb is studied pb

» Probing the nuclear gluon distribution functions at the scale of Q2~ ™%/,

» High precision J /i data at forward rapidity helps to constrain the theoretical models

» First measurement of y(25) in UPC at LHC

» High precision down to very low- p;, better tuning the models as a function of py

1.5

LHCb

PbPb /snn = 5.02 TeV
Coherent J/1) production

Luminosity unc. : 4.4%

oo
SCtono Lo

LHCb

PbPb /sny = 5.02 TeV
Coherent 1(25) production
Luminosity unc. : 4.4%

® data
stat. unc.

[Isyst. unc.
=== STARlight

LO pQCD (GKSZ):
WS LTA
== 1 EPS09

777 nPDF unce.

NLO pQCD (FEGLP):
= EPPS21
"/ nPDF unce.
Scale variation

Colour-dipole:

-+~ bOGC+BG (GMMNS)
-~ bOGC+GLC (GMMNS)
-~ IP-SAT+BG (GMMNS)
-~ IP-SAT+GLC (GMMNS
-~ Ts fluct. +BG (MSL)
—-—-No fluct. +BG (MSL)
~Ts fluet. +GLC (MSL)
~==-No fluct. +GLC (MSL)
--=- GBW+BT (KKNP)

0 1 2 3 4 5 0
*

1

2

-+~ GBW+POW (KKNP)
-+~ KST+BT (KKNP)
== GG-hs+BG (CCK)

3 4

= 1IFT
v* [JHEP 06 (2023) 146]

*920

dp

LHCb

PbPb /sny = 5.02 TeV
Coherent J/v production
2<y* <45

Luminosity unc. : 4.4%

0.05 0.10
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Challenges:
High luminosity, pile-up
High occupancy and radiation

LHCD

&

LHCb Upgrade

About Upgrade 1

[LHCb-DP-2022-002] =10t : : [LHCb-FIGURE-2023-030]
. . 3 @ 35000 L e B A s
racking system Side View ECAL, HEAL M4 M5 S LHCb preliminary 5 10
M3 5103 PbPb, |5,,,=5.36 TeV E 30000
- M2 2 2023, Run 278233 ° 10%
et ichl:( RICH2 I o % 25000
racker —r— .
o 10” “ 20000 10°
) T T
7 U 10 15000 LHCb preliminary 102
10000 PbPb, m:5.36 TeV
i d ’ 2023, Run 279185 10
i 5000
= = 6= (] ol $ b
Vertex 0 20 40 60 % 5 10 15 20 |
Locator ECALE [TeV] ECALE [TeV]
y ‘ ) : ;: 7005_ LHCblpreliminmly | | o “S 3 4500 LHCprrelimina;y I I E— LHCblpreliminarly | I —
/AN | o 00F pooa, Run 219185 30-40% 3 > 4000 2023.Run279185  w#  50-70% = 203, Rm 2185 F 50_00% 3
‘. C(‘) 1 g — g 600 - ;L»Tﬁo-_;”:? ; E g 3500 POPD, {5y=5 36TeV + - POPb, (50 =536TeV ¢ # 3
C 0 = S50F peal £ 30%-40% $ +++ Ele i KT . LI Keor T E
/5 3 so0E + 3 3000 ECAL E 50%-70% . E ECAL E70%-90% % *+ 3
VA § 450F- t 3 &22500 L. 3 =
[LHCb-PROC-2023-010] Z w0 ++++ m{»{»‘l’” ++++ o] S 2000 3 o E
. T / 8 3s0f iy Hi o Z 1500 . 3 . E
Removal of hardware trigger for a ded readout el ) © b 13 1000 . . 3 . . 3
completely software-based trigger system Upgraded readout electronics 250 E- E 500 & . E _,: " 3
1 ! 1 1 .o, E o, =
1 1 1 1 Coo®,
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About Upgrade II:

(Upgradel) Run3&4: pile-up ~6

»  Reconstruct PbPb down to ~0% centrality

. . . . II) R : pile-up ~
»  More precise measurements come at low p7 in central collisions (Upgradell) Run5&6: pile-up ~40
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Heavy-ion studies at LHCb

-------------------------------------------------------------------------------------------------------------------------------------------------

» Unique forward rapidity coverage
v Constrain nPDFs at small and large Bjorken-x
v Probing gluon saturation in low-x and low Q2 region

v Probing (anti-)shadowing in large-x region

v" Test hadronization mechanisms in medium
v" Studying final state effects in medium

v" Search for possible QGP formation in small systems

107 - - ' .
1 8.16 TeV pPb Other Collision Systems
: . : B LHCH B LHCD 110 GeV
antishacepne 10° m ATLAS/CMS NN HERA e
12 BN ALICE -u |
. 10% ALICE Muon Backward
R e G
<]
= 104 2 .2, .2
0.8 :‘5 Q“~m* + p7
[<] -
506 S 10% 2 ety
z NN
o EPPS16 o
EPJC 77 (2017) ol 8
as
(He,Ne, Ar...)
10 109 102 107! 10 103 101 1073 102 101 100
- -
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