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Hadron-hadron interactions studied with femtoscopy the LHC
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p-D- correlation function

® "Simplest” system:

0—-D-

= Most of the models predict re

= Coulomb interaction includec

hulsive interaction

in all the models

= Attraction might arise from 2-pion exchange
= Possible pentaquark O (c-ud-ud) resonance

(included in the Yamaguchi model)

S H1, Phys. Lett. B588:17,2004

= Potential calculable with lattice QCD (not yet

available)

& Fontura et al, Phys. Rev. C 87 (2013) 025206
& Yamaguchi et al, Phys. Rev. D84 (2011) 014032

& J. Haidenbauer et al, Eur. Phys. J. A33(2007) 107-117
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The emitting source

Ok *) = JS(?*) (K * ) P dr

= Emitting source: hypersurface at kinematic freezout
of final-state particles

G(r*.,r

T .ores M) Universal core

Anisotropic + Radial
pressure gradients

Different effect on different masses

ALICE

7118



The emitting source

Ok *) = JS(?*) (K * ) P dr

= Emitting source: hypersurface at kinematic freezout
of final-state particles

— >X< . I 11
G(r ™, e My) Universal core + 'Tail' Due to strong resonances
=
~A4
Py,
Anisotropic + Radial
pressure gradients
Proton 33 % 1.6 fm
Different effect on different masses Lambda 34 % 4.7 fm

U. Wiedemann U. Heinz (PRC56 R610, 1997)
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Data-driven modelling of the emitting source

& Phys. Lett. B811(2020) 135849

ALICE

< 5 ¢ ALICE pp Vs = 13 TeV - ® Fit correlation functions of p—p and p-A pairs
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2
i My €[1.26, 1.38) GeVie ) = Gaussian source with radius as free parameter
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suitable for the study of hadron—hac
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D-in Run 2

& PDG2020, Prog. Theor. Exp. Phys. (2020) 083C01
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D-p correlations in Run 3

In Run 3 we will test with precision the interactions among charm and non charmed hadrons

ALICE
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Which correlations could be of interest ?

State Mass [MeV] | Width [MeV] S-wave threshold [MeV] Coupled
Channels
X (3872) [14] 3872 £ 0.17 1.19 4 0.21 D*'DY(—0.04), Tt J /1,
D**D~(-8.11) rtr 7V J /Y L
X(3940) [14 3942 + 9 37 D*D" (-75 £9 ) D*D Tetraquarks with cc ?
X (4140) [14 4147 + 4.5 83 + 21 DD, (-667%9) OJ 1
X (4274) [14] 4273 + 8.3 564 11 DD, (-49.1F1%1) OJ 1 B
71, (10610) [14] | 10607 + 2.0 18.4 + 2.4 BB (443.2) =Y (nS) Tetraquarkg with bb ?
Wihb(nP)
7:5(10650) [14] | 10652.2 + 11.5 +2.2 B*B*(+2.9) Y (nS)
1.5 Wihb(nP)
PF(4312) [15] 4(:)317143 + 9.8 42.731 ».D(—9.7) pJ /Y
1-0.6 T Al
PF(4440) [15] | 44403+ | 20.6+4.9757, 5. D*(—21.8) pJ /1, £,DX*D Pentaquarks with cc ?
1.3+
P (4457) [15] 481%742 o+ 6.4 +2.07%7 ».D*(—4.8) pJ /1, 2. DE*D
M—1.7
T [16] 3874.827 0.410 D*TDY(—0.273),

D*OD+(—1.523)

DPDm* Tetraquarks with cc ?

Or all molecular states ?
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Correlation functions and bound states

ALICE
= Correlation functions can be used to study the existence of bound states

= [nterplay between system size and scattering length can lead to a size-dependent modification of the correlation function
in presence of a bound state

1|1 2y [ et i (1—e
T =qR y:a_}z C(q) =1+ 212 |2 \/y% 0 dt . ( ; )
R= source size ) ;. Correlation function
g= invariant relative momentum
o= scattering length Fyictence of a :
bound state 0.5
= Asingle measurement at fixed R does not suffice ' §°A 0
= A systematic measurements of different sizes is o0s
necessary : Interaction only
+ pp(R=11m), p-Pb(R= 1.5 fm), Pb-Pb (R= 2-6 fm) otractive | 7
+—1.5 -

Y. Kamiya et al. arXiv:2108.09644v1
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Correlation functions and bound states

= Correlation functions ca
= |nterplay between syste

1 be used to study the existence of bound states

in presence of a bound state

ALICE

m size and scattering length can lead to a size-dependent modification of the correlation function

Example: ag =5 fm

1|1 2y P et (1 ety
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ao 2 +y? |2 7 T 2
— ' C lation functi
R= source sjze A . orrelation function
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: 1
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. . . = 1.2
= Asingle measurement at fixed R does not suffice Sy 0 1
= A systematic measurements of different sizes is o0s 08
necessary : Interaction only 0.6
attractive —1
* pp(R=1fm), p-Pb( R=1.5fm), Pb-Pb (R= 2-6 fm) 0.4
v—1.5 0.2

Y. Kamiya et al. arXiv:2108.09644v1

2
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. 4 Pb-PbR=5 fm

)
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The T'T. example

ALICE

a the measurement of DD* correlations

¢ Recent measurement of a tetraquark candidate by LHCh
= Just below D°D*+ and D+D*0 thresholds — candidate to be a molecular state
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= F { che] o
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B | _ + 5 |
10— I + + + +__ 2
W e |
O:_..+ ++t+ 7 + + + + 3 |
: | | | | | | | | | :
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IMpop0+ [G(‘\’V ( - ] 1
S E.S. Swanson, Phys. Rept. 429 (2006) 243-305 Y030 100 150 200 250 300
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ALICE 3 projections for the D*+D0

ALICE
= 8__|||||||||||||||||||||||||||||||||||||||||||||||_ | . . . .
L;Q _ ALICE 3 upgrade projectign E ¢ PrOJeCtIOn accordlng to 6 years of data taklng
7 lyl<4 ¢ Enough sensitivity to verify/exclude formation of bound state
oL — 11m (pp) 1 & Although scan over wide range of source size needec
- - g ;2 - = Necessity to perform measurement from pp to Pb—Pb
5| — 5 fm (Pb-Pb) E
- 1 Reminder:
4 Lint: 1 1 Acomprehensive measurement of the correlations among
: ~pp =18 o 1 proton, hyperons and kaons is necessary to pin down the source
3 -0-10% Pb-Pb =35 nb™" | PrOton Nyperonsa yoPp
: 1 properties
0.5
C)
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Summary of the strong interaction studies between heavy flavour hadrons

ALICE

¢ Femtoscopy at the LHC has been established as a solid technique to study the residual strong
interaction among hadrons

¢ Run 2: the (almost) complete set of interaction u,d,s-s has been measured!

¢ Run 3: all the interactions among u,d,s -¢,s will be accessed with high precision

¢ ALICE3: c-c, b-b correlations will be measured in different colliding system to test residual
strong interaction and study molecular state

¢ ALICE3 unique detector for its large geometrical acceptance and vertexing resolution for charm
and beauty hadron and strange weak decays
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DOD*+ correlation function in Pythia
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Calibrating the p-D- source

= | 1 1 I | | |
s Pythia 8.3 pp Vs = 13 TeV
= Ap _
~ - e > p—p_source -
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DOD*+ correlation function in Pythia
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