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The LHCb experiment

»The LHCb experiment is one of the four large experiments at the LHC,

dedicated to heavy flavor physics

v’ LHC has the largest production cross-sections of b- and c-hadrons ever
* o(bb) = 500 ub @ 13 TeV & o(cc) =~ 20%xa(bb) in pp collisions

v’ A great variety of b and ¢ hadron species are accessible
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The LHCb detector in Run 1 & 2

»LHCb is a single-arm forward region spectrometer covering 2 < n < 5, with
excellent vertexing, tracking and particle identification (PID) performance

[JINST 3 (2008) S08005]
[IIMPA 30:07 (2015) 1530022]
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Vertex Locator: high precision;
capable of separating b/c
hadron production and decay
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0PV,x/y~1O um, O-PV,Z~60 pum
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RICHs: efficient identification

of pions, kaons and protons

e(K - K)~95%
@ misID rate (m - K)~5%
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2.4% 4n angle
= 25% bb

b

Muon system (M1-M5):
efficient muon
identification and trigger

e(u - 1w)~97%
@ misID rate (mr - u)~1—3%
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

The LHCb detector in Run 3

Software-only trigger

[JINST 19 (2024) P05065]

New Upstream Tracker (UT)
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

LHCb data taking

> Run1(2011-2012): Liny = 1fb 1 @7 TeV& 2 b~ @ 8 TeV
> Run 2 (2015-2018): Liyt = 6 fb™1 @ 13 TeV
» Run 3: rapidly growing @ 13.6 TeV

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2024
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LHCb physics scheme

» LHCb has become a general purpose

detector nowadays

CERN LHCC 98-4
LHCC/P4
20 February 1998

CP violation

Rare decays

LHCb

Technical Proposal

Hadron physics:
spectroscopy & production

A Large Hadron Collider Beauty Experiment for
Precision Measurements of
CP Violation and Rare Decays

Electroweak

Heavy ions & fixed target

Dark sector ...
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Hadron physics

r fm
»QCD dilemma: understanding the non-  ,, 12 17200 1120 12
perturbative property of QCD at low- | [Rev. Mod. Phys. 90, 15003 (2018)]1 confinement
energy scale 0.4 -

»Hadron: a main tool to probe QCD at 03 |
low-energy regime -

0.2

v’ heavy quarks bring advancements i
both experimentally and theoretically o1k
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Hadrons observed at LHCb
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Exotic hadron spectroscopy
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|V|ap Of heavy eXOtlcs Inspired by Ivan Polyakov
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Z,(10650) ... @4“@%
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Theoretical scenarios

»Two main players for multiquark state modelling:

adrons bound via mesonic exchange
Typical size > 1 fm

Mass proximity to threshold natural
SU(3)f120r Multiplets from combinations :
of component hadrons

(Di-)quarks bound via color forces

oTypical size O(1 fm)

o Mass proximity to threshold accndental

0 SU(3)favor Multiplets from combmat|ons
of (di-)quarks

oNo (strong) hierarchy of couplings

»Other possible scenarios: hadro-quarkonium, hybrid ...

OOOI

» Experimental studies essential to test various theoretical models

2024/9/23 Liupan An 11/33



Selected new measurements

» Pentaquark study:
Search for prompt production of pentaquarks in open charm final states

. _ [PR D110 (2024) 032001]
» Tetraquark study in B - DDh modes:

Amplitude analysis of BY — D*tDTK* [arxiv: 2404.19510]

» Exotic hadrons in diffractive processes:
[arXiv: 2407.14301]

Observation of exotic J /Y@ resonances in diffractive processes in pp collisions

* Recent studies of pentaquark states at LHCb by Zhenwei Yang [link]
* Recent studies of tetraquark states at LHCb by Zhihong Shen [link]

2024/9/23 Liupan An 12/33


https://indico.ihep.ac.cn/event/21083/contributions/166400/
https://indico.ihep.ac.cn/event/21083/contributions/166401/

Weighted candidates/(2 MeV)

Pentaquark studies at LHCb
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[PRL 115 (2015) 072001]
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Yield / (20 MeV)

60 —

45
P ;5(4459)°

Ep = U/PAIK™

[Science Bulletin 66 (2021) 1278]

40

20

LHCb

My 4 (GeV)

binding scheme

!

decay modes

= search for pentaquarks

through open charm modes
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[PRL 131 (2023) 031901]
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Pentaquark search via open charm

[PR D110 (2024) 032001]

v'hidden-charm pentaquarks v'doubly-charmed pentaquarks & excited =,
Hadron 1 Hadron 2 Charge I3 y C Lé?tlt Hadron 1 Hadron 2 Charge I3 Yy C LéI:tlt
AF D° +1 h 1 0 A D’ 1o 32
AF D- 0 - 1 0 V A* D* 2 3 2
A* D* 0 -1k 1 0 A* D+ 2 1h 3 2
it D° +2 3/2 1 0 Vv It D° +2 lh 3 2 x
T+ D- +1 h 1 0 e D+ 3 3h 3 2 x
o+ D +1 h 1 0 x et D+ 3 3k 3 2 x
30 D° 0 1k 1 0 Vv 20 D° 0 -3k 3 2 x
50 D- 1 =3k 1 0 v X0 D* 11 -1 3 2 x
X0 D*- 1 3 1 0 x X0 D+ 11 - 3 2 x
et D° +2 3h 1 0 et 2 3 2
s+ - % 10 gett o p 3 3 3 2
et D+ 41 1 0 et D 13 3k 3 2 x
0 D° 0 —lp 1 0 Vv 0 D’ 0 =3 3 2 Vv
X+ D- 1 =3k 1 0 v 50 D* 1o 32
$+0 D 1 3 1 0V 50 D+ 11k 32 x
Nb 90 T T T T T H H T T _E
> %0 ‘ :?gaﬁt E
> No significant signals z H } T .
N e 2 H H % *Largest deviation from bkg.
»Known P} states tested 3 b I i i shown in At D~ (ccuud)
and yields all agree with0 £ *- # . 1 @ M~4520.69 MeV
S 7
& { “r. — oy
0O - é()O 400 600

m(A:n*D™) —m(AY) —m(z*) —m(D") [MeV/c?]
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B — DDh studies

D™+ pHo p+ At

D™= D™O D= A7 ...

K&+ KO0 gt o A ..

» Rich opportunities for heavy spectroscopy study
v'charmonium(-like) states in DD ATD™ ATAC ..
vexcited DT, D%, D, A} states from D®Mh, At h ...
v exotic states from D™h, At h ...

» Useful for studies of semi-leptonic decays for search of New Physics

2024/9/23 Liupan An 15/33



Exotic hadronsin B = DDh at LHCb

60

50

40

30
Bt - D*D™K*
T:so/lr)(co(3930)

20

10

Candidates / (17.3 MeV/c?)

> First discovery of open-charm tetraquarks
with four different flavors [csud]!

Candidates / (0.037 GeV?/c%)

[PRL 125 (2020) 242001]
[PR D102 (2020) 112003]
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T5,(2900)° - D-K*
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3 s
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T T T B

= e R e e e S ‘?i“st;;"":’:ﬁ i o 16
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Exotic hadronsin B = DDh at LHCb

A
“ Dy
e L+ T%,(2900)*" - Dint  T%,(2900)° - Din
K" “ """""""""""""""""""" o [T ]

Bt > DtDK? N i

0
S
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B
(=}
——
—e—
—_—
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Candidates/0.014 (GeV)
3
Candidates/0.014 (GeV)

.2t2 2.4 2f6 2.8 . .3.() 3.2 ‘ ‘3.4 V 2:2 24 2.L6 2.8. . .3.0 32 . ‘3.4
M(D; 7*) (GeV) M(D; 77) (GeV)

' [PRL 131 (2023) 041902]

Bt > D Din*t BY - D°Dfn~
c50(2900)*7 T%,(2900)°

isospin symmetry
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Exotic hadronsin B = DDh at LHCb

[PRL 131 (2023) 071901]
X(3960) > DI D;
Bt > DID;K*

~50F T "]
X(3960) P i ]
b 40 - —— Total fit ]
S 4o —— X(3960) ]
S | Xo(4140) ]
4 730 A ;
g1 (4660) ]
~ C Non-resonant D D; A
B* - D*D K* El _:
O . F :
T:so/lr)(co(3930) 105 -
000 42 24 46 4.8
T m(Dg Dy ) [GeV]
Bt > D™ D}n* B® - D°Dm™
T%,(2900)** T(50(2900)°
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Exotic hadronsin B = DDh at LHCb

¢ ,(2900)"" - DIt (below 30)

+ +n—1+ cs0
B % DS DS K § ' ' ' ' I ' ' ' ' I ' L] Data
X(3960) $ p LHOD e ——
S 30 9 fb == NR Dfn*(L=0)
S i —:= NR Dfnt(L=1)
L Tl S
é 20 - ||| —_m( :
< [ ]
+ +n—1+ At 1
B* > D*DK of A
Teor 260 (3930 AR,
2.0 2.5 3.0
; m(DF %) [GeV]  [JHEP 08 (2024) 165]
Bt > D Din*t BY - D°Dfn~
Tcago(2900)++ TCaS—O(29OO)O

Bt > D* Dim*
T%,(2900)*+?
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Exotic hadronsin B = DDh at LHCb

B* -» DIDIK*
X(3960)
S
Bt - D*D™K*
T:so/lr)(co(3930)

=2

Bt - D™ Dfn*
T%,(2900)++

Bt > D* Dim*
T%,(2900)*+?
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BY - DDt rn~
T%,(2900)°
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B+ ﬁ D *iD+K+ : D*iD-l_ SyStem [arXiv: 2406.03156]
Bt > R(D**D)K*tvs Bt - R(D*"DY)K™
»Same contribution from charmonium(-like) resonances R

»But interference pattern can be largely different due to different C-parity

+  Data —— 22(3930) n(3945)  —— 1(4040) T2:0(2870)0 T (2900)0
—— Total fit - EFF++ N £.(4000) NI 71(4010) 222 ho(4300) e NR++
Background NR;-—- e NRy-+ NRo—- e Reference fit

o B L E 32 T T T
%0 _/ LHCbO fb-! 17 100-_/ LHCb9 fb-! ]
> (@) - =
® 12
g s 18 5
< 1 <
= 1%
o A 1 O L
S LS~ MY T 1 € | i
8 0 [ SRS oo T T 8 0 > ~«:‘~?_»;-!i!~, i i . _ ;

4.0 4.2 4.4 4.6 4.8

48

M(D*-D*) [GeV] ‘ M(D**D") [GeV]
Xe1(4010) Xa(4010) M0 - M DY)
v'Three new charmonium(-like) states observed % :_ :
o AOF 5 G mracor ;
@ h,(4000),JPC = 1+~ s
®x.1(4010),JPC =1+ + =

- 2 r) [
60 LHCb 9 fb~!

‘hc(4‘300)r]PC — 1+_ ok .]. BT T VT 4I8_

. 4!0 . 4. .
M(D**D*) [GeV]
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B* - D**D*K*: T:s states A

» Bt > D**D Kt > Bt > D*DtK*
5\_'|"'|"'|"'|"'|II 5\100 'I"'I"'I"'I"'I_
3 75L  LHCb 9 fb! E ! LHCb 9 fb-! { +
= = i
2 C — r
<50 . = ol
P g 50
S25F ] =
E i + JhrnR eI CITAOMIIIY e ) S LTTISTN g i
8 0 N ‘-m;'l___m.n-.-,:'.'. ------------------------- ‘-~-;:-—: ________ et S 0
2.4 2.6 2.8 3.0 3.2

M(D-K*) [GeV] M(D*~K*) [GeV]

v T:(2870)° - D*~K™ forbidden
v T%,(2900)° - D*"K™ not seen

Property This work Previous work
T%,(2870)° mass [MeV] 2914 + 11 £ 15 2866 + 7
T%,(2870)° width [MeV] Iz e P 20 57+13

G
T%,(2900)° mass [MeV] 2887+ 8 £ 6 2904 + 5
Tr,(2900)° width [MeV] 0 Sh 5 =BG 110 + 12

B(B" - Tr(2870) D) (45t o 04 % 10~° (1L24-0i5) X 10-°
BBt — FEL2000)° D) BRI L08) %10~ (G728 % 10

csl

B(B+—T%,(2870)°D™))
BB+ T~ . (2000)0 D7) 1.17 £ 0.31 & 0.48 «=——0.18 + 0.05
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X = J /Yo in diffractive processes

¥ Y-pomeron pomeron-pomeron

inelastic -
U+

—

3
|

single dissociation

ﬁ double dissociation y% K

:% central exclusive production

v Experimentally clean even @LHC
_P= CrPinclastc v/Spin-parity option narrowed down
X Much smaller rate

V-c

b~ T~ T ~ T ~ T ~ B A TS T s B

8

elastic

[PRL 127 (2021) 082001]

7008, T3
v'Rich X — ] /¢ resonancesin BY = J/PppK*, 2 F | LHCb 1
with several reachable in CEP -

2 500F
@ .,(4500) T - 2 400F
® x0(4700) 5 300F
‘Xc1(4140) 200;

€y (4274)  JF=1* 100
@ ..(4685) -
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= 4 tracks X — ]/lp¢ reSU|tS [arXiv: 2407.14301]

~ - T T T T 1 =
> i 3 I Data § > 4 tracks
> 10F LHCb — Total model
Q 60F 5107 ey (4140) 3
g 50 E— ---XC1(4274) —E
Z D X o(BP00) 3
s YE X (4685)
M 30F X,4700) 3
- ‘NR -
20 — g | y N ]
= = foo 000 600 7000 8000
10 570 S E M, IMeV]
0 T RO P Y ‘.-:M
4000 4500 6000
M o [MeV]
\/Mass & width measurement: \/Cross—section measurement:
slightly higher mass of y.,(4500) iy X B0 (0 8540 1640, 30) pb.
Parameter (MeV)  This Letter Ref. [12] Oxaaaaray X B T = (0.772815 £0.18) pb,
ch1(4274) 429846 +9 4294 + 41-% Oxeo(4500) X B’ 0(4300) _ = (0.4477 72 £0.07) pb,
D'y (a270) 92135 £57 B3 EDED oy uessevenon x B O = (0147507 £0.06) pb,
M, o (1500) 4512. 5Jr +3.0 4474 +3+£3 onr X Bt = (0.467575 7535) pb,
T .o (4500) 65120 i32 77T+ 615

» First exotic hadron measurement in diffractive processes!
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Conventional hadron spectroscopy

Conventional hadron spectroscopy at LHCb by Yuhao Wang [link]
Beauty baryon decays at LHCb by Shugi Sheng [link]
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https://indico.ihep.ac.cn/event/21083/contributions/166406/
https://indico.ihep.ac.cn/event/21083/contributions/166407/

Selected new results

v’ Observation of new 22 - EX K~

><10|3

_ =
N
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[PRL 131 (2023) 131902]
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9.85

TMy1 (1P)
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9. 95
[Gev/c?]

9892.50 4 0.26 £ 0.10 & 0.10 MeV/c?
9911.92 4 0.29 £ 0.11 £ 0.10 MeV/c?
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v’ First JP¢ determination of Z.(3055)*°

500
- £.(3055)"(@g-

!
D04

[arXiv: 2409.05440]

Spin-parity

Pseudoexperiments / ( 8 units)

70 E
2 LHCb - Pseudoexperiments J” = 5/27 3
60 :_ B Gaussian fit E
E 54 1fb -+~ Pseudoexperiments J* = 3/2" 7
b UL - E
40 E
30F ;
20F E
10F E
ok el
~100 100 200

Test statistic ¢

P:3/2+

N =8303 + 107

s 1 =
% | LHCb, 5.5 b s
2 1

o |

é L %Data.

2l —Fullit

% | — E,Er

S — ==K

O 0.5

—. = 55%"
E-Een X

~— Combinatorial

5900
=%77) [MeV/c?]

=p

yleld

[arXiv: 2406.12111]

v’ Ep lifetime measurements

wrt A0

" 'LHCb, 5.5 b

. . . ]
6 8 10
decay time [ps]

TR b2 — 1578 4 0.018 + 0.010 £ 0.011 ps
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Hadron production
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Quarkonium production mechanism

»Heavy quarkonium: ideal system to study hadronization mechanism

» Yet not able to coherently describe prod.&pol. measurements in all collision systems

Non-perturbative QCD Perturbative QCD Non-perturbative QCD

________________________________________________________________________________

—_—_—————e— e
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Associated quarkonium production

Single-parton scattering (SPS) Double-parton scattering (DPS)

HQ1Q1
\ HQlQl ’%
u _ D@ ==
HQzQz P
X | 4 @ % ‘\. HQzQz
a —x

| v'To provide information on parton
v'Golden channel to probe gluon transverse ' transverse profile & correlations in
momentum dependent (TMD) PDFs ' colliding hadrons

mechanism puzzle

luon : : :
5 unpolarized | circular linear gDPS — 1 09,9,
proton Q12 — 1 4+ 5@ 0, Oeff
_ 1¢2
unpolarized f“;’ hfq
. : : .
longitudinal g5 Ooff |s.un|.versal under.nalve
n 7 n factorisation assumptions
transverse i 9gir hi, hy?
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» Fiducial region: 2 <

Candidates per 4 MeV/c2
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» Data-driven SPS&DPS separation
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[JHEP 03 (2024) 088]

5 pr(J/Y) < 14 GeV

N = (2.187 + 0.020)x10*
o = 16.36 + 0.28(stat) + 0.88(syst) nb

Oerf = 13.1 + 1.8(stat) + 2.3(syst) mb

III|III|III|IIIIII
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LHCb (JAy-J/y)
LHCb (JAy-Y(1S))
LHCb (JAy-Y(25))
pp @8 TeV
ATLAS (Jy-Z°)*
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LHCb (Y'(15)-D"
pp @7 TeV
ATLAS (JAy-WHy*
CMS (Jy-J/p)*
LHCb (JAy-D°)*
LHCb (D°-D°)
ATLAS (W*-2 jets)
CMS (W*-2 jets)
pP@1.96 TeV
DO (J/y-T)*
DO (JAy-J/y)
o DO (y-3 jets)
pp@1.8 TeV
CDF (4 jets)
CDF (-3 jets)
III|III|III|IIIIII
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[PoS (LHCP2020) 172;
arXiv: 2009.12555]
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Gluon TMD PDFs study with di-J /1

[JHEP 03 (2024) 088]

» There is almost no experimental info on gluon TMD PDFs

hfg(x, k%, u) = azimuthal asymmetry do/d¢cs = a + bxcos(2¢cs) + cxcos(4dpcs)

a = FiC[f{ f{] + FxClwzhi*hy?), g
b= FyClws f{hy*] + FiClwihi?ff], ~ 1sf
C = F4C[’U.)4h1Lgh1Lg],

3

[nb]

25

%]
]

2F

do/d¢

._.
I

0.5

—+ SPS

—r 1 r - . T 1 T T T T 1]
LHCb, 4.2 fb™, pdTi'W <4.1GeV/c

a+bxcos(29)+cxcos(49) E

® 17(x, k%, p): affect pr spectrum

v'pr shape shows no dependence on y

o
3

1/-daldpS [c/GeV]

2024/9/

<pT

- T
dI-J/W> <3.0

.-

0.25F

PV [GeVie]

(cos(2¢¢s)) = b/2a
= —0.029 + 0.050 + 0.009

(cos(4¢cs)) = c/2a
= —0.087 + 0.052 + 0.013

[EPIC 80 (2020) 87]

v"No obvious broadening of pr spectrum wrt

4V [¢/GeV]

T

1/o-do/dp

0.1
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increasing m given large uncertainties
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Other new di-quarkonium results

®J/YY2S) @13 TeV:2 < y(y) < 4.5, pr(y) < 14 GeV [JHEP 05 (2024) 259]
Y 900;— """""""""""""" = Y 400F
> S00E  LHCb L B
S 700;_ 4 g — Total fit _; s E _
T 600F T IEYQS) 3 300 N = 629 + 50
) S 4 S JB/lgf:,]:éS)‘i 8. 250
£ e 4 oomese 3 2T o = 4.49 + 0.71(stat) + 0.26(syst) nb
2 J0of HE E I Q-
100E” ¥ RS 5 © 50;
O 0005050 310031503200 O S0 300 3750 3800
mﬂw;[MeV/cz] mﬂ;ﬂ;[MeV/cz]

a(J /P)a(P(25))
= 7.1 + 1.1(stat) + 0.8(syst) mb
o(J/h = (25) [JHEP 08 (2023) 093]

® /Y Y@®13TeV:2 < y(J/¥,Y) < 4.5, pr(J /) < 10 GeV, pr(¥Y) < 30 GeV

oeff(lower limit) =

- ; i i Signal Raw yields Significances
30%‘ LHCb 13 TeV +Daw ‘ 40; LHCb 13Tev  FDaa : J/¢—T(1S) 76 + 12 790
25 E_ L, =418 ! —gotal f;t _: 35 E L, =418 ! — Total fit E J/¢_T(2S) 30 :I: 7 4 9 o
. xS Jh-T(3S) 1046 1.70

o(J/b—Y(1S))
= 133 + 22(stat) + 7(syst) + 3(B) pb

Candidates / (0.04 GeV/c?)

Candidates / (0.004 GeV/c?)

3 3.05 3 55 30 9 05 10 105 11
m(J/w) [GeV/c? m(Y) [GeV/c?]

v'By subtracting theoretical input of agps(J/¢ — Y(1S)) = 20*3Z pb  [pre 117 (2016) 062001]
oere(J/ — Y (1S)) = 26 + 5(stat) + 2(syst) *3%(th) mb
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Summary and prospects

»LHCb keeps making important contributions to hadron physics

@ Exotic hadron spectroscopy: pentaquark search; B = DDh studies;
first exotic study in diffractive processes...

@ Conventional hadron spectroscopy: new 2:*0 states; J© of Z.(3055)™9;
Xp spectroscopy; =}, lifetime...

@ Hadron production: di-J /Y, J /Y4 (2S) and J /i -Y'; first study of gluon TMD
PDFs with di-J /...

»In Run 3, upgraded sub-detectors & software-only trigger system
v'trigger efficiency for fully hadronic modes largely improved

Run 1 Run 2 Run 3 Run 4 Run5 Runb6
= 16__ =
(") - - [\ (] <t 1 °® ! 350{——'
5 E g = v' Run1-2:9fb
8 : 1 \-n' = —_—
2 f ek STV Run3:i>201fb7!
%. 85— - expected with improved LHC optics at Run 5 -6 !:'/' 200 E \/ Run 4: NSO fb_l
3 733
E E ]
2 4 } 100 5
- o
s F | W o & More data,
a 0“:—; ..... A.{._.I.'.I PP T B 0 more Chances'
2010 2015 2020 2025 2030 2035 2040 e
Year
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Back up
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+ s+ -+ +. I .
B — D**DTK™:amplitude analysis__ .

»Amplitudes of Bt - R(D**D7)K™* and B* - R(D*"D*)K™ linked by C-parity
= allowing determination of C-parities of R resonances

A(Q?) — #< Z CjAj($)+ Z CkAk(Q?)

| JER(D*£D¥F) keER(D*~ K+, DtK+)

1—d
+ — < Z Cj X CjAj(I‘) 5 Z ClAl(ﬂj)

2
| jER(D*£DF) IER(D*+K+, D-K+)

v d=1forBt* > D*D*K*;d =—1forB* > D**D"K*

OR resonances with J° = 1*: S-wave & D-wave

Frsyp(m) = LS
R.S/D m2 — m? — imo[y2Ls(m) + 73T (m)]

OOther resonances: Breit-Wigner

OONonresonant contributions to D*tD 7 :
4 2
fr(m) = e@+BD(M*—mg) for NR,-+; otherwise frp(m) = 1
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Bt - D**DTK*: D*D¥ system

»Amplitudes of B - R(D**D7)K* and B* - R(D*"D*

<+ Data —— 2(3930) 11:(3945)
— Total fit - EFF,+ N 7,(4000) Il
Background =~ e NRy-- e NRo-+
o SAEREE L L L L k.
2okt LHCbO fb-! 1%
E p (a) 4 2
= 18
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8 50 8
< F 1 <
= - 12
=) - 40
=) =}
8 0 [ AP e et | 6
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Il x1(4010) w4 he(4300) NRj++
NRy-- e Reference fit

1 — T T T3
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100 _
i (b)

50 _

O r s | 4

42 4.6 4.8
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)K T linked by C-parity

[arXiv: 2406.03156]
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v'Reference fit without h.(4000), y.1(4010), h.(4300):

necessary to describe discrepancy between M(D*~D*) and M(D**D"™)

M(D**D*) [GeV]

This work Known states [6] cc prediction [34]
10(3945) T g% X (3940) [9]10] JEE 7 n(38)  JPC =0
mo = 394513130 T =1301010"| mo=3942+9 R mo = 4064 Ty = 80
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Xe1(4010) Ly o Xe1(2P) JPC =1++
=015 0 e Bi=b2 et i mo = 3953 T'g = 165
new = h.(4300) JBE — 1%~ h.(3P) JPC =1t
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Double Parton Scattering

— mzi,j’klfdxldxzdx{dxédzbldzbzdzb

XTyj(x1, Xz, by, b2) Xy (xl'xi)ﬁj(lgz (%2, %3) XTIy (1, X3, b1 — b, by —

Generalized double parton PDF
SPS parton-level cross-section

— o e e e e e e R M e e Mmm M e e mmm M e e Mmm M e e Mmm M e e Mmm M e e Mmm M e e Mmm M e e Mmm M e e mmm M e e Gmm M e e mmm e e e e e e e mm wd

Assuming:

| LI | LI
pp @13 TeV
LHCb (J/y-J/y)

v’ factorization of trans. & long. components
l_‘ij (xl; X2, bl; bZ) = Dij (xlr xZ)Tij (b1; bZ)

pp @8 TeV
ATLAS (J/y-Z")
ATLAS (J/w-J/y)
LHCb (Y (15)-D°)

v no correlation between two sets of partons
Dij(x1; Xp) = fl(x1)f] (x2), T;j (by,by) =T; (b1)Tj(b2)

= 1 99,00,

pp @7 TeV
ATLAS (J/y-W%)
CMS (J/y-Jly)
LHCb (J/y-D°)
LHCb (D°-D°)
ATLAS (W2 jets)
CMS (W*-2 jets)

o —
#9714 8q,q, Oefr

@o—

——

-

pp@1.96 TeV
DO (J/y-Y)
DO (J/y-J/y)
DO (y-3 jets)

Oef = 1/ U d*bF(b)*|, F(b) = jT(bi)T(bi — b)d*b;

ppP@1.8 TeV
CDF (4 jets)

expected to be universal under the given assumptions
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—.— CDF (y-3 jets)
1 1 1 | 1 1 1 | 1 1 1 | I | | I |
20 40 60 80
[PoS (LHCP2020) 172; G . [mb]
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