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Common kinetic freezeout?

M. Puccio
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- Common Blast-Wave fit to light flavoured particles gives
- Decent description of the observed spectra at the low-intermediate transverse momenta

- Similar to what observed in Pb-Pb 2.76 TeV

- Is this a enough to claim a common freeze-out surface?
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Blast-wave vs. coalescence

arXiv:1910.09718
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System-size dependence

M. Puccio

arXiv:1910.14401
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Exotic states with CMS

Nikita Petrov
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CMS: Observation of the X1 (3P) and X2 (3P)
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The LHCb observed new decay x;, (3P) = Y(3S)y

The CMS Collaboration saw the

Xp (3P) in all modes 5
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Good signal extraction performance

Observation of two exited B] states

Using full Run Il statistics the CMS collaboration observed two well

separated B} (25) and Bf* (25) states
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Once these yields will be corrected for detection effici
ratios of production cross sections to be compared wii

Nikita Petrov

CMS very competitive
compared to LHCb

Observation of two excxited B states
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Recently the LHCb collaboration has confirmed the two-peaks structure
using Run | and Run Il statistics.

PRL 122 (2019) 232001

—— 7

45 —4— Data

40 LLHCb Run 1+Run 2 Total fit

35 B (28)

- 6.80 3.2 c & B.2SY

30 === Combinatorial

75 51+ 10 Same-sign

;- A | 2419

20} | E

15} \ -
- h Al RS al 1 IE

10 Bttt INyR! il T
- r\ il IRl I L

5k \

0 g—p g A \ - Y e S JE N

500 550 600 650 700
AM |MeV/c?)

6871.0+1.2+0.8+0.8 29.1+£1.5+0.7
6872.1+13+01+0.8 31.0+ 1.4+ 0.0

Results of the LHCb Collaboration are in a good agreement with CMS Collaboration
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.27 GeV data are used for extraction of the A and = lifetime

because of the extremely high significance.
. Lifetime of A and = from the simulated data 1s extracted

with high precision, while from the real data with
(1-5)% systematic error - efficiency should be understood,

embedding is needed.
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Hyper nuclel program at FAIR

-@-  Single-A hypernuclei louri VASSILIEV
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Peter Braun-Munzinger

g 10° E o T . Pb-Pb \sp=2.76 TeV, 0-10% centrality Q
S 10k - b5 A% E
fitincludes loosely bound systems suchas s | ST e ]
deuteron and hypertriton > —— ?
how light nuclei emerge from LQCD see e e E
Detmold et al., Eur.Phys.J. A55 (2019) 193  10-'% -y
hypertriton is bound-state of (A,p,n), 10;3 .
A\ separation energy about 130 keV 10 © Data, ALICE e 2y 3
size about 10 fm, the ultimate halo nucleus, 10* — Statistical Hadronization S
produced at T=156 MeV. close to an Efimov ;s
state A 440 He
10” .f...'L
proton discrepancy about 2.8 sigma = of i
{ with hyper-triton yield also implies "¢ SERE
agreement with hyper-triton yield also implies "}
that hyper-triton has no excited states § ‘#'_’_H e ! XL : ¥4t 3 i
0.5F .
for an excited state with J=3/2 the total yield x KK KepP AZXEZETaddid HefeiH i HeTie

would triple, inconsistent with data

Andronic, pbm, Redlich, Stachel, arXiv:1710.09425,
Nature 561 (2018) 321
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SHM

Peter Braun-Munzinger
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Andror  Very good fit!
" Nature 561 (2018) 321
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Charmonium into SHM

Peter Braun-Munzinger

enhancement is precisely prediction by Statistical Hadronization Model
for quadratic scaling in number of charm quarks, they have to travel freely ov~-

the size of the fireball of 10 fm, about 10 times the radius of a proton J/psi and hyper-triton described with the same flow
o 10T Pb-Pb \s,,=2.76 TeV parameters in the statistical hadronization model
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with thermalized and deconfined charm quarks from Mass (GeV) 0 S 10
initial hard scattering Andronic, pbm, Koehler, Redlich, Stachel, P T (GeV/C)

Phys. Lett B797 (2019) 134836

Charm saturation in the medium: thermalization in the medium
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Existence of critical point?

Dmytro OLIINYCHENKO

Data: NA49 [Anticic:2010mp,Blume:2007kw,Anticic:2016ckv], STAR [Adam:2019wnb,Zhang:2019wun, talk by Dingwei Zhang],

ALICE [Adam:2015vda]; model JAM + coalescence [Liu:2019nii]
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Interesting ratio sensitive to fluctuations in number of particles close to critical point
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Dynamical model

Dmytro OLIINYCHENKO

DO, Pang, Elfner, Koch, PRC99 (2019) no.4, 044907 DO, Pang, Elfner, Koch, PRC99 (2019) no.4, 044907
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Open questions:

~ Formation time of light nuclei

© Lifetime of hadronic phase
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T., = 155 MeV, V. = 3dV /dy, multiplicity dependence driven by V. only
[V.V., Dénigus, Stoecker, 1808.05245, PLB ‘18]

Canonical statistical model
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Canonical statistical model

Volodymyr VOVCHENKO
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0.002— % Thermal-FIST CSM (PLB 785 (2018) 171-174) | (@€ , 7 |~ ® (He*'He)/(p+p) p-Pb \Sw=502TeV(-1<y_ <0) |
- 8 Jre - T=155MeV, V. = 3 dV/dy - 107 EF w2, He / (p + B), Pb-Pb |5, = 2.76 TeV (ly,, | < 0.5) E
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[L. Barioglio, QM19] [ALICE collaboration, 1910.14401]

CSM approach works reasonably well for d/p

Some tension is observed for A=3 at intermediate multiplicity

14/ 20



Yield ratios

Saha equation

Volodymyr VOVCHENKO

Detailed balance for nuclear reactions, X + A & X + ),; A;, X is e.g. a pion

€q
na nA
o S O HAS D ba,  eg pd = pp+ fn B3y, = 20p + B,
i NA; Y i
Saha equation Transport [Oliinychenko et al., 1809.03071]
3 5 | |
1071 ] 5
p “~ 0.0
107r 3 ] é
He/p g~
10°F e SN — S — S r— 2 B apn s md: formation
i é 1ok B md — wpn: disintegration
10-6_ i (rpn - » nwd) - (nd -+ wpn)
. i 8 (nd ~» wpn) + (xpn ~» nd)
10_7 - (@) 4He/p - 3\'? 20
o e B
i 1 = -20F
10-9 : ! . L : ! : 'Tkin ! : L . . : ! T-_)._qo.... P TN TP TP
70 80 90 100 110 120 130 140 150 0 10 20 30 40 50
T [MeV] t [fm/cl

= Law of mass action at work
Feed-down contribution calculated:

~5% at LHC energy
Larger contribution at low energy
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State-of-the-art coalescence

IEBE-VISHNU hybrid model with AMPT initial conditions

4 3
10°p0-10%x10° o proton
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) F10-20%, 192 5. . 2.76 TeV
; A i1, Dns
2 "'.., "4.‘\
S 1" Bosgeo R, b,
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o 1If o Qy,
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e r B R\
E' F ')‘;,; ."
<102k IEBE-VISHNU ¥ .
Z o proton X
= | T 276Tev X,
F --- 5.02TeV )\
10
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pT(GeV/c)

Elliptic flow of deuteron measured by ALICE is also satisfactorily described.

Pb +Pb @ \s,, =2.76 TeV and 5.02 TeV

1F0-10% x 102 O deuteron
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7% e
e
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I

Coalescence
helium-3
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A helium-3

5.02 TeV ()

0 2 4 6

pT(GeV/c)

9

Che-Ming KO
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State-of-the-art coalescence

IEBE-VISHNU hybrid model with AMPT initial conditions

Pb + Pb @ \|s,, =2.76 TeV and 5.02 TeV
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Elliptic flow of deuteron measured by ALICE is also satisfactorily described.
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System-size evolution

System size dependence of light nuclei yield

Sun, Ko & Doenigus, PLB 792, 132 (2019)

ey v
ALICE published
p+p @ 900 GeV
A ptp@2.76TeV
e p+p@7TeV
s Pb+Pb@ 2.76 TeV

dlip (x10%)
o — N w & (4] (o)) ~ @

10°

- = COAL. (d-p)
—— COAL. (p-p-n)

(b) 1

dN_ /dn

10°

Che-Ming KO

Ny, 3N, 1

N AT R2)3/2 272
p (mTk R?)%/% q + 3%
Nsge N, N, 1

Ny A(mT Ry | Ty,

Coalescence model gives a natural
explanation for the suppressed
production of light nuclei in small
collision systems.

= Thermal model requires an

unrealistically large canonical
correlation volume for charge

conservation. [Vovchenko, Doenigus
& Stoecker, PLB 785, 171 (2018)]
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Gamma-ray spectroscopy

ﬂlpern UCIear Y'ray data (2019) 108 (k-ny) BNLE9socor) Hirokazu TAMURA
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. * 1.08 3.563__ 07 __ 1/2* 5 o8 °Be (K',my) BNL E930('98) 1B
12+ .- - T=1 T=1 3 NPA 754 (2005) 58¢
34 lm . M1| [m1 .
* L 2:186 3" .. = 7/2+ 2520 3040 20 . = e
Y - . 19 - -
ﬁH PLB 62 (1976) 46 ity 5/2* 2,050 5/2* AbGa) chFA SE
PLB 83 (1979) 25 o 1081 B
E2 E2| |E2 3" =
4He(K-, y) J-PARC E13 | K i 0.937 "= 5/2+ 0.895
0 " M1 :
¥ ¥ . g !i Y o _VY
112*,. 1406 6Li ™ 112+ 0 O’ e 32+ 0.316
3 ALi Be  ABe 18F ""!—Y—Y-19F 112+ 0
\\\ "
4 2 PRL 84 (2000) 5963 PRL 88 (2002) 082501 A
4He PRL 86 (2001) 1982 NFA 754 (2005) 58¢ PRL 120 (2018) 132505
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PRL 115 (2015) 222501 PRC 73 (2006) 012501
13 -
Sl oL 529_29 ) 160 (K-,ny) BNL E930('01)
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.. P-shell: AN spin-dependent interaction strengths. > 6786
=1- 6.562

$
. S-shell: A-X coupling and Charge Symmetry Breaking

sd-shell: Heavier hypernuclear structure and

0= =17 0.026
[ [ ] [ ] [ ] -0‘ o
L AN interaction in a larger density?
AV i A~ N
PRL 86 (2001) 4255
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CSB and AA and = hyper-nuclei events

JUV 1UvUv

A=4 mirror

10UV PAVIVAY) LUV JUUV
] E, [keV] Hirokazu TAMURA
hypernuclei =y, 0 ... ’He+A
Bedjidian et al. T.0. Yamamoto et al.,
PLB 83 (1979) 252 etc. PRL 115 (2015) 222501 A A
1" 0.95+0.04 | 0.98+0.03 I 1+ @6
12+ I 1zt
- e Ey=1.406 3
+0.002 -
H <ﬁ:l' > + 0.002 He
D-PARC]
2.12+0.01+0.09 2-040.04 , ot
et 4 H 2.39+0.03 X
A. Esseretal., A
PRL 114 (2015) 12501 v
B

4 He

P

A
?

A large Charge Symmetry Breaking effect is confirmed!

A new AA hypernuclear event

~30 events of AA / = hypernuclei have been observed at present.
H. Ekawa et al., PTEP 2019 (2019) 021D02

MINO event

tdp,_ P

4He
A

10,11,12
AABe

4
'
v .
A \
-

. d!
e confirmea:
akly attractive A-A force 1S W w
we
10um -

S E-+160 -> 17_N -> 11 4
11, ,Be is most probable Z-+160->17_N->11, Be+4He +d
AB,,=1.8740.37 Mev > “aHe* d+p

, , ->4He +p + 7
Slightly different from AB, ,= 0.67+0.17 MeV for 6, ,He p

=> Binding effect? AA-EN effect?

-+ 14N = _15C

ZOML 9

A new = hypernuclear event

IBUKI event

Mod#047 pl10
‘ ID : 20864938633496
AN S. H. Hayakawa, Ph.D. Thesis, Osaka Univ. (2019), to be published

E-+ 14N -> _15C -> ,10Be + ,5He

Bz-=127+0.21 MeV

f

\\A5He
< al%Be

=- The same reaction as KISO
\

KISO
Bz-= 4.38 + 0.25 MeV,

or[1.11 +£0.25 MeV|
This interpretation seems correct.
-> Suggesting that this state has a rather narrow width < 1 MeV
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Hypertriton lifetime puzzle

. o Avraham GAL
Is there a 3 H lifetime puzzle?

(7)) 500 N Theoretical prediction
o | A lifetime - PDG value
S L = « =+« H.Kamada et al., PRC 57 (1998) 1595
() - 3 _—
c AH average lifetime R.H. Dalitz, M. Rayet, Nuo. Cim. 46 (1966) 786
-
o 400 I— J. G. Congleton, J. Phys G Nucl. Part. Phys. 18 (1992) 339
e s
=
—
300 PRL 20 (1968) 819 ¢ | Science 328 (2010) 58 This work
| e
i iy e Il i i Tl e e o Al e . aeada
00 PR R T e e T
H ALICE

PLB 754 (2016) 360
PRC 97 (2018) 054909

|TIII]

PR 180 (1969) 1307 NPB 67 (1973) 269 Pb-Pb 5.02 TeV
+ NPA 913 (2013) 170 +

100

L

NPB 16 (1970) 46

TT 11

R 136 (1964) B1803

0
E. Bartsch for ALICE at Quark Matter 2019

Wuhan, China, Nov. 2019

Pion final-state interactions need to be taken into account into the calculation
pion-3He interaction is found attractive (from pionic atoms & scattering data)

Smaller lifetime compared to free lambda
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