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Pentaguarks today (LHCDb)

Lorenzo Capriotti

Run 1-2 data

P.(4450)* contribution resolved into two separate peaks

P.(4312)* established

Other new pentaquark states:
P.(4337)* in B%, — J/ pp,

P_(4459)° in Z,0 — J/PAK-,
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Tetraquark States (LHCD)
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Exotica fromm CMS
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Exotica from BESIII

Frank Nerling

Charmonium
spectrum [cC]

Christoph Blume

* Before 2003:

» Good agreement between theory

and experiment, particularly

beneath open charm thresholds

* After 2003:

» Severe mismatch between predicted

and observed spectruy S”

* Several supernumerary vector states:

/_ |

* Several charged manifestly exoti

Y(4260), ..., Y(4660)

Zc(3900)+/" e ZC(443O)+/-

* The X states — the x.(3872)
was the first observed in 2003
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Exotica from BESIII

ee” — JAmn

Fran k Nerl i ng [Phys. Rev. D 106, 072001 (2022)]
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X(3872) in PbPb (CMS) and pPb (LHCb)

Alexis Pompili

Additional information on
X(3872) nature from heavy-ion

Move to nuclear modification
factor in near future

Lorenzo Capriotti

Increased cross section of
X(3872) observed in pPb already

Christoph Blume
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Heavy Flavour Medium Modifications

Gloria Montana Faiget

Lagrangian at NLO in the chiral expansion and LO in the heavy-quark mass expansion:

EFT Lagrangian

Tree-level scattering amplitude:

1 [CP g vy
. . V(s t,u) = — TLO o 0 A i 7 ) () 1]
Self-consistent solution (1) = 73 [ S4%0 — ) — dCipolt- 2L
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of coupled equations Cilfalpz-p {1d(@1-p2 s 0 + 120 22-2) | G isospin coefficients |
+ 2C5 ([hafp2 - pa) +((P1 -p2)(P3 - pa) + (P1 - 1) (P2 - p3)) ] fitted to lattice QCD data
[Guo, Liu, MeiRfner, Oller and Rusetsky (2019)]
At LO in HQSFS: hg 3 \[1;1 = hé) 31\*[131 , hfsi‘,\fB = h,lesf\A'[D Recent results for D7 and DA from femtoscopy
” " from ALICE pp. /s = 13 TeV at high multiplicity

[ALI-PREL-513658]
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Heavy Flavour Medium Modifications

Gloria Montana Faiget

Spatial diffusion coefficients
for B and D mesons

Thermal modifications of
the X(3872) and X(4014)

Masses decrease = lower thresholds
Non-zero decay widths at finite T

Christoph Blume
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Nuclear Physics with Lattice QCD (NPLQCD
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Bound States from NPLQCD

NPLQCD, Phys.Rev. D87 (2013) no.3, 034506;
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Hypernuclel Theory: Machine Learning

|Isaac Vidana ® ;0;__'_,.__].__ B
/N B BT T e [ -
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NCSM calculation [0 s YO 1 ST SR I :
(Gazda et al., PRC97 (2018) 064315) No®—7 § I g SR B N
to large model space N /) S sl I I
“u.". P e s e e et B | | L.
.\ 10 15 20 25 30 35 40 O 20 40 60 80 100
Enlargement of input sample @ no ey =
by cubic interpolation B
...... Ey:Q::E;(:.CI]:Z:J.‘.\J:,I;E:EIZE2:3
Addition of Gaussian noise ] i;ﬁﬁ’r;)mm;

= 17 (ho=32 MeV

A separation energy B, [MeV]

o ., — —_— —
| 1 1 L
% T
1+ H - ‘ge
A AHe
- i L o
LT L ol L Ly,
0 20 40 60 80 100 0 20 40 60 80 100
Nmax Nmax

Christoph Blume EMMI-Workshop Bologna, Italy, 2023



Hypernuclel Theory: Machine Learning

|Isaac Vidana

Good agreement with other methods to extrapolate NCSN calculations

Hypernucleus ANN Prediction Extrapolated results of Experimental Vaue
[1] & [2]
AH (g.s.) 0.16 + 0.02 0.158 [1] 0.13 £ 0.05
AH(0M) 2.49 + 0.05 2.48 + 0.04 [2] 2.157 £ 0.077
AHAY) 1.35 4 0.16 1.40 + 0.28 [2] 1.067 + 0.08
AHe(0") 2.43 £+ 0.06 2.45 + 0.04 [2] 2.39 £ 0.05
AHe(11) 18553 e (i L 1.34 + 0.28 [2] 0.984 + 0.05

Htun ef al., FBS 62 (2021) 94 [1] & Wirth ef al., PRC 97 (2018) 064315 [2]
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Stable Charmed Mesic Nucleus “;He

Zhangbu Xu N
E.g.: D~ + “He: stable against strong decay ;' Q -:.
B~ 16 MeV \ ®

gHe\\s_—’,

Expected yield in STAR Forward (half a year)

Krirt channel (incl. € and BR): n~4x108 |n= Nf}‘{‘?R’Fxlos .3600 - 24 - 365 - 0.5 ~ 8x10%
D

e~ channel (incl. € and BR): n~1x103
Access at c-quark oscillations *He (20% wavefunction overlaps)
2000 6 LI quarks W+ } He
A AVAVAV V==
Difficult to detect at RHIC, 3 i
Likely at LHC or EIC forward " Y]
- ——— AN
20:;; 5j3 54 -5}5 5ﬁ6 ' ‘5.7 58 5.9 D_ E Wi ,L_L } Tc-

6
M, (GeV)
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Stable Charmed Mesic Nucleus “;He

Zhang bu Xu J. Steinheimer, A. Botvina, M. Bleicher, PRC 95 (2017) 014911
100: T ! T & I: ':><l b T X 1
[ SIS100 §'§ é P ;
0%} LS o0 1 FAIRvs RHIC/LHC:
> | L= —a—0 ]
S % we=D |
510"} P 1 Hed: 10°—10°
ER P 1 Charm:101—10>
A P o] FXT luminosity: 10-100
o [ H ]
= . 1 Secondary Vertex and boost
al L 1
;r L 1;
10'10' 1 1 ' Al | 1 L I ]

: 3 4 5 6 7 8 9
Likely-at-EHG-or ElG-forward Vs, [GeV]

‘ol FIG. 5. [Color online] Production yields of D and D mesons
PromISIr]g prOSpeC’[S in p+p Emd central !Au—}—Au reax:t)ilons as a function of the
for CBM@FAIR collision energy. The threshold energies of the corresponding
channels in p+p reactions are again indicated as vertical lines.
The grey area corresponds to the beam energy range expected
for heavy ion collisions at the SIS100 accelerator.

To be explored!
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Hypernuclei with CBM@FAIR

"\108% : ] T T T T T T T

louri Vassiliev W .. . o]
Erorl} . S EiyAmcaa

I_lI h . . .5105—‘}E HIAF CEE BMEN_ ., Prig ; 0 iwi’:Hs“ :: .. dHe\\ =
igh interaction rates and & T w5 P 2l e S
. . . L i NICA MPOD., o & P ?:H e -l Paa |
high production cross section g:(‘: - PR S ol @ﬂ;;g»i. ;
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10 4 e, 107”::©t "\ig*_**? S ©:
13l : cam | "“L;\ ]

W2 34567 10 2030 100 200 5 3* B

4D—Event bUI|d|ﬂg and reconstruction Collision Energy |'sy, (GeV) Collision Energy Vs, (GeV)

VerteX|ng (MVD, STS) o <10 = H o =2.3MeV/c? g = ¢ He o =2.6 MeV/c?

. e [ S/B = 0.02, €an =2.0% e r bg scale S/B =0.41, €4, = 1.2%
Particle ID (TOF, TRD, STS) Z i g 6 He—o®He DT
KFParticleFinder o LAA A

g g - 50
L AAH—{;\HeJ’t -
Multi-differential measurements o = CBM Simlaion
- Vs =47 GeV
Expected collection rate: ~60 6 He 502 508 506 508 T
AL m,,, { Her'} [GeV/c?] m,,, { He p'} [GeV/c’]

in 1 week at 10MHz IR (not day-1)
AuAu, 10 AGeV, 10!2 central UrQMD events equivalent
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Hypernuclei with CBM@FAIR

Signal utilizing 437M AuAu HLT triggered events at Vs = 3.0 GeV Fixed Target, 2021 BES-II (x)production

louri Vassiliev

W

x10' [~ M =2991.2 Mevic? 40, M = 2991.0 MeV/c’ x10° M = 3922.4 MeV/c’
? o =1.8MeV/c’ S =16015.4 § o =14 MeV/c’ S =466 § o = 1.8 MeV/c’ S = 17067.
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- . = | l
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eTOF@STAR AN | wh%”
CBM-FLES@STAR-HLT 0Ly - . 3 3.1 z ° 39 3 — 4]
m, {dpn} [GeV/cT] m,, {"Her'} [GeV/c]

m,,, {*Her'} [GeV/c?)
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99 o » | AH-tpn 200 | ‘He—Hepn _ “He—*Hepr
hypernuclei signal - _
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_ il A Mm
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Light Nuclei and Hypernuclel with STAR@RHIC

. . — T T
HUI Llu 1% 33. Central Collisi ¢ dp ¢ tp:FOPIAu+Au é
4 - o'y, STl LOTISIONS o @b & vp - E854 Auspy ]
2 107 o Tw ® dlp o: =
il S  omenn
Energy dependence of o F Ty, :
. o107 L) o, 3
d/p and t/p ratios -
> A3 4+ EB02 (dip) AusAu
® 10 E <4 PHENIX (d/p) Au+Au E
§ E ——--- I:elma: xe: (dip) E
Qualitatively described 10 E  STAR Prelminary w4
a o dip 7 tp SMASH + Coal. 7
by thermal model 10°F vaRy -
1 1 1 1 1 11 1 l 1 1 1 1 1 11 1 I 1
2 4 10 20 40 100 200

Collision Energy |s,,, (GeV)
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Light Nuclei and Hypernuclel with STAR@RHIC
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