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Ao b Coalescence models

(Anti-)(hyper)nuclei formation requires that (anti-)nucleons and/or
(anti-)hyperons are close in phase space.
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A Large lon Collider Experiment (ALICE)

ALICE
, Data Set:
pp collisions at 7 TeV
p-Pb collisions at 5.02 TeV
Pb-Pb collisions at 2.76 TeV
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Nuclei identification: Time Projection Chamber %

Pb-Pb, 2011 run, sy =2.76 TeV negative particles

1000 L S TR 3 . . . . ] . .
_ 900E! g\ Ae % ALICE 3 Light nuclei and anti-nuclei are identified using
2 ook ! (AN wyat20i2 3| dE/dx measurement in the TPC.

- E \ \ 10 prgem 3
3 700E- OAWE E Deuterons below p; < 1.4 GeV/c, and
c o \ — 3
2 g0k E 3He between 1.5 < p; <7 GeV/c.
& 500F b1
— - 152253354 7
_g 400 T (@evirch) 3
S 300F- -
& 200F- “ofine
o Ex
100E-Z:
F e
0'_ 1 1 1
0.1 02 0.3 1 2 3 45
P (Gevro)

Natasha Sharma 4 @&

2015 KOBE JAPAN



Entries/(2.5 MeV/c?)

Nuclei identification: Time Projection Chamber

ALICE

Light nuclei and anti-nuclei are identified using
dE/dx measurement in the TPC.

Deuterons below p; < 1.4 GeV/c, and

3He between 1.5 < p; <7 GeV/c.
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Pb- Pb 2011 run, sNN =2.76 TeV negative particles
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counts

Nuclei identification: Time-Of-Flight and HMPID

220F
200 E_ + VOA Multiplicity ALICE preliminary
180 E_ Class (Pb-Side) 0-10% 2.4 GeV/ic< p.< 2.6 GeV/c
160
140 E_ ® Data _
120 E— — Signal
100 E— — Background
80E- — Sig + Bkg
60
40 ;_ deuteron
20 - p-Pb (s, =5.02 Te “1

Deuterons above 1.4 GeV/c are
identified using velocity measurement
with the TOF detector and extracting
the yield from the Am? distribution.

High p; deuterons are identified based
on Cherenkov radiation (HMPID)

The m? distribution is obtained using
relation > m? = p? (n?cos?0cperenkory - 1)
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Counts

Counts
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3 ALICE
3 He Pb-Pb, {s,,=2.76 TeV
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Mass difference nuclei/anti-nuclei N
ALICE
A et | 1ol PHe saneriasisene | 1he precise measurement of (anti-)nuclei mass

difference allows probing any difference in the
interaction between nucleons and anti-nucleons.

Performed test of the CPT invariance of
residual QCD “nuclear force” by looking at the
mass difference between nuclei and anti-nuclei.
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Mass difference nuclei/anti-nuclei

ALICE Coll: Nature Phys. doi:10.1038/nphys3432

L +20 TPC dE/dx cut 2] +20 TPC dE/dx cut
d € 402 3
1.9 GeV/c <pllzl <2.0GeVic | § 10°F He 1.5 GeV/c < pllzl <2.0 GeV/c
o E
(&]

2
c

3L
3 10°
o

bl T

3 ALICE
3 He Pb-Pb, 5,,,=2.76 TeV
10;*
: et lom
25 3 85 4 45 5 1 15 2 25 3
2 271 4 2 21 4
(m/z)TOF (GeV</c*) (m/z)TOF (GeV</c*)

The precise measurement of (anti-)nuclei mass
difference allows probing any difference in the
interaction between nucleons and anti-nucleons.

Performed test of the CPT invariance of
residual QCD “nuclear force” by looking at the
mass difference between nuclei and anti-nuclei.

v" Mass and binding energies of nuclei and
anti-nuclei are compatible within
uncertainties.

v" Measurement confirms the CPT
invariance for light nuclei.
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Deuteron production at LHC

ALICE Coll.: arXiv:1506.08951 [nucl-ex]
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The Blast-Wave function (*) fits the data well in
p-Pb and Pb-Pb.

pp spectrum well described by the Levy-Tsallis
fit.

Fit used for extrapolation of yield to unmeasured
low and high p; region.

Spectra become harder with increasing
multiplicity for p-Pb and Pb-Pb.

(*) E. Schnedermann et al., PRC 48, 2462 (1993).
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3He production in Pb-Pb and p-Pb

ALICE
ALICE Coll.: arXiv:1506.08951 [nucl-ex]
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v' Dashed curve represents individual Blast-Wave fits.
v' Spectrum obtained for 2 centrality classes in Pb-Pb and for NSD collisions

in p-Pb.
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Data / Fit

Data / Fit

Combined Blast-\Wave fit

ALICE
Comb. fit ALICE Coll.: arXiv:1506.08951 [nucl-ex]
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10 = *p (10°%) *d (10 x) _
N R v' 1, K, p, d, and 3He are fitted
10F simultaneously for central Pb-Pb
= fae collisions with the Blast-Wave model

107 s - *‘\1*1‘::::;;}}_f;;;\_\ in the limited p; range.
e v" All particle spectra are described
well with the BW fit.

v' Common fit parameters are:
<B>=0.63 £ 0.01,
T, =113 12 MeV, and
n =0.72%0.03.

v Fit parameters are comparable to
those from the combined BW fit to
only 11, K, and p.

P (GeV/c)
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Mass dependence of yield

ALICE
102 ALICE Preliminary Thermal model predicts
10
dN -m
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10 v Nuclei yields follow an
10°5 exponential decrease with
10-¢ . mass
107”7
108E ®  p-Pb, sy, =5.02TeV,NSD v' Each added nucleon
10%E = Pb-Pb, \'s,, = 2.76 TeV, 0-20% central reduces yield by a factor
10710 '015" -~ 4 — -1-'5" — é — '2"5-‘ — :'3 — 1315- — A- vy called ‘Penalty factor’
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» Different models describe particle yields including light (hyper-)nuclei well
of about 156 MeV.
= Including nuclei in the fit causes no significant change in T,

with T,

hem
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Deuteron to proton ratio

ALICE

v Pb-Pb: p/1r remains
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[W]ALICE, pp, {5 = 7 TeV ALICE preliminary

[W]ALICE, p-Pb, |'s, = 5.02 TeV
VOA Multiplicity Classes (Pb-side) constant.
[M]ALICE, Pb-Pb, \[s,, =2.76 TeV

constant with multiplicity.
v d/p ratio remains almost

and coalescence model

H H H - Consistent with thermal
H expectations.

MH
%H i

v p-Pb: p/1t almost constant
cl | with multiplicity.

—

| 10 ”1'02 ”'1'03 v" d/p ratio increases with
(AN _/dn ) multiplicity.
Tt <05 1 5 Deviation from thermal
model expectation.

Ratio in pp collisions is a factor 2.2 lower than in Pb-Pb collisions.
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Hypertriton lifetime n?:?; :

ALICE ALICE Coll.: arXiv:1506.08453 [nucl-ex]
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Searches for exotica i
ALICE

Thermal models predict the abundances of nuclei correctly and therefore can be
used as prediction for weakly decaying exotic bound states like AA and An-bar.

AA (H-dibaryon)
o Predicted by Jaffe in bag model calculations
R. L. Jaffe, PRL 38, 195 (1977).
o Decay channel: AA> A+p+ 1
o Thermal model prediction at T, ., = 156 MeV
is dN/dy = 6.03 x 103,

An-bar

o Decay channel: An > d + 1
o Thermal model prediction at T ., = 156 MeV
is dN/dy = 4.06 x 102
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Searches for exotica

ALICE

Thermal models predict the abundances of nuclei correctly and therefore can be
used as prediction for weakly decaying exotic bound states like AA and An-bar.
AA (H-dibaryon) © 35001 ALICE K
. . . = - Pb-Pb =2.76 TeV +
o Predicted by Jaffe in bag model calculations ~ 3000(0_100/0@”30 ° .
R. L. Jaffe, PRL 38, 195 (1977). S 25000 "
o Decay channel: A N> A+p+1 € 000k e
o Thermal model prediction at T, = 156 MeV 8 15000 T
is dN/dy = 6.03 x 10-3. - -
1000 -
An-bar . 500;— L eAA JEP
o Decay channel: An > d + m* 02 221 2. 2‘2‘ 503 204 205 2.06 227
o Thermal model prediction at T,.,, = 156 MeV Invariant mass (Apr) (GeV/c?)
is dN/dy = 4.06 x 102. Qa000 | AUCE
) C -+
= 2500 - e -,
ALICE Coll.: arXiv:1506.07499 [nucl-ex] 2 2000 f *++++
Q C - +++
v" Both A/A and An-bar are expected to be seen with © 1500 3
the statistics available in ALICE. 000 L PR (= AT6TeY
v" No signal visible in the invariant mass spectra. 500 | _
v" From the non observation, upper limit set on dN/dy SRS eTURRUTTOUITE o AOTROIO

for AX/A and An-bar bound states.

2

2.012.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09
Invariant mass (dn*) (GeV/c?)
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Exotic searches: Upper limit

ALICE Coll.: arXiv:1506.07499 [nucl-ex]

ALICE

with the models calculation as a function of BR.

Experimentally determined upper limit for AA and An-bar bound states compared

ALICE Pb-Pb |5, = 2.76 TeV (0-10% central)

> =
> 107 &=
K= -
x 102 &
Y
10° & Upper limit An (99% CL)
10 L Preferred BR from theory

-

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

-=="
-
.-"
-

BR x (dN/dy)
o

Upper limit H-dibaryon (99% CL)
Preferred BR from theory

— Equilibrium thermal model
— Non-equilibrium thermal model
Hybrid UrQMD calculation

— (Coalescence model

— Experimental upper limit

5 [, . . A . . L . . .
107 0.2 0.4 0.6 08 1
Branching Ratio (BR)
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Summary and conclusions

ALICE

Nuclei production (up to A=4) has been measured by the ALICE experiment.

Obtained deuteron and 3He spectra in p-Pb and Pb-Pb; d spectrum in pp collisions.
Hardening of deuteron spectra with multiplicity is observed for both p-Pb and Pb-
Pb.

1, K, p, d, and 3He spectra in central Pb-Pb collisions are well described by a
single set of common freeze-out parameters in the Blast-wave model.

The nuclei yields follow an exponential decrease with mass. The penalty factor is
~300 in Pb-Pb collisions and is ~600 in p-Pb. The decrease in Pb-Pb reflects

thermal behavior described by T .-

Both coalescence and thermal models describe different aspects of the data.
» Thermal model describes particles and light nuclei yields (including
hypertritons) well at T, .,= 156 MeV in Pb-Pb.
» d/p ratio rises with multiplicity in p-Pb but remains constant for Pb-Pb.

The data from ALICE do not support the existence AA and An-bar.

Natasha Sharma 16 @&
20 J A



ALICE

Thank you
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ALICE

Back up
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to matter ratio

ALICE

ALICE Coll.: arXiv:1506.08951 [nucl-ex]

* Anti-nuclei / nuclei ratios are
consistent with unity (similar to other
light particle species).

« Ratios exhibit constant behavior as a
function of p; and centrality.

* Are in agreement with the
coalescence and thermal model
expectations.
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<p+> vs mass (in Pb-Pb)

ALICE

ALICE Coll.: arXiv:1506.08951 [nucl-ex]

ALICE, Pb-Pb, |5 =2.76 TeV
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0 0.5 1 1.5 2 2.5 3

m, (GeV/c?)

v' <pT> increases with
increasing particle mass.
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