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Light nuclei as soft prolfé?

In high energy Heavy lons collisions
* a dense and hot partonic phase is created and undergoes a rapid expansion

* hydrodynamical models are used to describe this rapid expansion
 as a result of this evolution it is possible to observe collective phenomena
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Incoming Heavy Ion Beams

Soft probes

* Low pr (pr < 2 GeV/c) light
flavoured particles coming from
the interaction region

* Their constituents are produced
in the late stages of the
collisions

* They are useful to study the
freeze-out conditions

Light nuclei are soft probes and as
they are loosely bound composite

objects it is interesting to study their
production in HI collisions.
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Nuclei praduction: theoretical approaches
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Nuclei production: theoretical approaches

Thermal models £y o e e T
« Hadrons emitted from the interaction region in ® ; N -
statistical equilibrium when the fireball reaches %103 N e e —ofs
limiting temperature g N
- Abundances fixed at chemical freeze-out s D I
* Freeze-out temperature Tchem IS a key parameter o “ " |
« Abundance of a species «exp(-m/Tchem): :Z —
= For nuclei (large m) strong dependence on Tchem :Z il D b
A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker, ’ ’ 1()\/%(('J"GV)

Phys. Lett. B6O7, 203 (2011), 1010.2995
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Nuclei production: theoretical approaches

Thermal models g7 o e T
» Hadrons emitted from the interaction region in B ? W et :3»;:
statistical equilibrium when the fireball reaches f;wa w U B
limiting temperature g N
 Abundances fixed at chemical freeze-out > e
* Freeze-out temperature Tchem IS a key parameter ‘°_: SN |
« Abundance of a species «exp(-m/ Tshem): :Z .
= For nuclei (large m) strong dependence on Tchem :Z il D b
A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker, ’ ’ 10\IS_NN(G9V)

Phys. Lett. B6O7, 203 (2011), 1010.2995

Coalescence models

% P * |f (anti-)baryons are close in phase space after the
Kinetic freeze-out they can form a (anti-)nucleus

 (Anti-)nuclei produced at the chemical freeze-out
might break and re-form during the time between the

A chemical freeze-out and the kinetic freeze-out.
J. . Kapusta, Phys.Rev. C21, 1301 (1980)

"
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Analysis e

hnique

10° Bvay .

107

dE/dx signal in TPC (arb.units)

pos. particles, |dcaxy| <3cm

Pb-Pb, 2010 run, | s, = 2.76 TeV Currently a” the measuremeﬂts Of

nuclei and hyper-nuclei at the LHC

- S were performed by the ALICE

experiment.

Main tools: particle identification detectors

R_z_;ﬂ ol Time Projection Chamber:
T allows to identify particles

: %j $ i ot rvoores e ason. looking at the specific energy
160 loss in its volume
3 “ws | Time Of Flight detector: allows
pu3 e to identify particles measuring
3 their beta with the help of the
205 s oy esizrey ] et tracking information.

25 2 15 -1 -05 O 0.5 1 1.5 2 2.5
T2, . - 2 (GeVA/cY) See the talk of F. Noferini today
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Deuteronwproduction in’\p'|'> and Pb-Pb

ALICE Coll. arXiv:1506.08951 [nucl-ex]

s ALICE | |pp
> . . .
3 Invariant production spectrum is well
:}_ fitted by the Levy-Tsallis function in pp
3 T ] &*N AN  (n—1)(n-2) (1 LT = mo) -
% - i . dprdy Pr dy nC(nC + my(n — 2)) nC
B 10°E ., T, where mo is the reference mass of the
o f Eg’-‘qmm S deuteron and n,C are fit parameters.
g - )
g/ 10—4 — I‘Im C. Tsallis. J.Statist.Phys. 52 479-487(1988)
o F - -, -, d
z [ e Pb-Pb, (5,=2.76TeV
= oL - P 1SN Pb-Pb
N, =1010% (16x) - The Blast-Wave (BW) function fits well
- ..".. ™., [ 2110-20% (8x) the data.
10°°E .-!El 1 20-40% (4x) « Characteristic hardening of the
- [®. ® J40-60% (2x) spectrum with increasing centrality.
4L o [#]60-80% (1%) » These fits are used for the
107F ® |pp, (s=7TeV (1x) extrapolation of the yield to the
I Individual fit unmeasured region at low and high px.
10—8lIlllllllllllllllll|llll|llll
0 1 2 3 4 5 Blast wave model: E. Schnedermann et al., Phys. Rev. C48, 2462 (1993)
p. (GeVic)
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(Anti—)dei;lteron producfifm in p-Pb

The Blast-Wave function fits well the data also in this case.

ERM Deuteron

A~ -1 [

= VOA Multiplicity Class (Pb-side) | <~ 10 Anti-deuteron VOA Multiplicity Class (Pb-side)

O O

N = = SOSONgy -@- 0-10% (x16) 3 g -@- 0-10% (x16)

o 2 - - -®- 10-20% (x8) o P . S ~®- 10-20% (x8)
g 1 0 R e o — O — g 1 0 = -ﬁﬂ? - - A-' v w

= . e UUEERE: ~@- 20-40% (x4) = ) R =L —®-20-40% (x4)

g ] i P8 N @ 40-60% (x2) % f Ty, DBy @ 40-60% (x2)

- al e o R O 100° -, sl s T TR -100°

g 103 .. - ~@- 60-100% (x1) g 103 Tieg e ~@- 60-100% (x1)
- ] = 28 — blast-wave fits = ! e . — blast-wave fits
C\I2 u: ~ B (\12 ' . will s S

© 4 f - == = © -4 ’ ui}u <

CT) 1 O ? - == = G>) 1 O ? ui =
3 ; ALICE preliminary 2 g O Z I," ALICE preliminary A
’ 0_5 p-Pb \s,, =5.02 TeV ’ 0_5 p-Pb \s,, =5.02 TeV
deuteron,-1< y <0 anti-deuteron,-1< y <0
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIII
0O 05 1 15 2 25 3 35 4 45 0O 05 1 15 2 25 3 35 4 45
P, (GeV/c) P, (GeV/c)

The spectra become harder with increasing multiplicity
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(Anti-)3He production in Pb-Pb

The individual Blast-Wave fits describe well the data.

| llllllI

o | 0-20% E*i‘
----- Individual fit

llllIlllllllllIllllllllllllllllllllll“-ll

0 1 2 3 4 5 6 7
p. (GeVic)
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(Anti-)3He production 'n Pb-Pb

1/Ng, 1/(2np.) &*N/(dydp.) (GeVic)?

It Is possible to fit simultaneously deuteron and 3He to extract common parameters.
The simultaneous fit describes well the data and the common kinetic freeze-out speed
IS <B>= 0.617+0.009

10-5 ke ALICE, Pb-Pb, s = 2.76 TeV
N -
- "o,
108 At SO
s (AN
107 * [20-80%
- o | 0-20%
-8 |
107 . Individual fit
L1 11 l 1 1 1 1 I L1 11 l L1 1 1 l 1111 l 11 11 l 11 1 1 l 1 l“Al 1

0 1 2 3

4 5 6 7
p. (GeV/c)

T

—

) d®N/(dydp_) (GeV/c)?

— _‘T

1/N g, 1/(2rp

Data/Fit

ALICE Coll. arXiv:1506.08951 [nucl-ex]

ALICE, Pb-Pb, |s,,=2.76 TeV
03k
oib .
o5l "[*]d 0-20%
E oo, o e * | °He 0-20%
- e
) Cem, T Comb. fit
0~ g
07’ E*j:*:
I_llllllllllllllllll|||lllllllllllll"‘r’llll
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Combined BW fit

BW model fit:

* gives insight into the kinetic
freeze-out conditions

* does not describe hard
processes that contribute to
particle production at high pr

ALICE Coll. arXiv:1506.08951 [nucl-ex]

Comb. fit
o (10%) = K (10%)
_ *p (10°%) +d (10 x)
¢ *He (10 x)

T

T

Fit parameters

<B> =0.632 + 0.01
Tkin = 113 = 12 MeV
n=0.72 +0.03

1N 1/@2mp )d°Ni(dydp ) (GeV/c)”

Data / Fit

With respect to the fit performed
without the nuclei the <[3>
decreased while the Tkinincreased
but they are compatible within the
uncertainties.

Data / Fit

Solid symbols denote the spectra

points used for the fit.
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ALICE collaboration performed a test of the CPT invariance looking at the mass
difference between nuclei and anti-nuclei.

ALICE Coll. Nature Phys. doi:10.1038/nphys3432

RS ! 8- ALICE E >
% ° + 3He-*Fe -- - CPT prediction , 110 S
G 4r e 5 %
= ® d-d . W
E< . 3 - " s
A TR TR ST R N - ——
-0.002 -0.001 0 0.001 0.002 He He !
A(m/izI)/(m/izl) :
3r I : 416
He-’He ¢ :
——&—— ANT71 ;
! (Am/m) !
: E 14
2l d-d 'y — -
——6—— DOR65 d-d —o— 1o
= MAS65 —6+— DEN71, KES99
o P Y NV SNV NNV N | N R NN SN R
-0.1 -0.05 0 0.05 0.1 —1 -0.5 0 0.5 1
A(m/|2|)AK Ae, - ANT71: Nucl. Phys. B31 (1971) 235
s DOR65: PRL 14 (1965) 1003
(m/lzl), A MAS65: Nuovo Cim. 39 (1965) 10

This test shows that the mass of nuclei and anti-nuclei are compatible within the
uncertainties. The binding energies are compatible in nuclei and anti-nuclei as well.
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Ratlov matter / anti-matter

£ The ratio nuclei / anti-nuclei is
o ME compatible with one
S o Neseleseies gy -

?zf: 20-40%
5 1o

05— .

15 40-60%
S i Nleleloiefelelelgl® -

05F

15 60-80%
S o gelelelelgeleblarg -

= | | | | A large fraction of the systematic
I o 0-20% uncertainties on the determination of the
LR STEERLERE o ratios is due to the limited knowledge of the
2 F 2080% cross sections of anti-nuclei interacting with
ZE E o the material of the detector.

0:. A A .O.|5 ......... .1 ........ .

p./ A(GeVic)
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http://arxiv.org/abs/1506.08951

Pb-Pb, 2011 run, (S, =2.76 TeV negative particles

1000 - BN HEELEE A T ' ' —rq° First time
— 900F-! b e e ALICE 5 observed at RHIC
= = July 4™ 2012 = by STAR
® 800F eyl 3 collaboration
T 700F \ e 1+ ALICE TPC allows
S 600k 1 to separate
c : . - particles with Z=2
O 500 a8 = from those with
T 400E- 1 Z=1over the ful
[= - . momentum range.
2 300 3 * Using also the
€ 200F AN NG e e 3 ALICETOFitis
= 0ok, possible to
=5 identify about 10
oF — -4
0.1 0.2 0.3 1 2 3 4 5 anti-#he
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S Lk ALICE preliminary
Z =
S 4ok Pb-Pb |'s\, = 2.76 TeV
1 0-20% centrality
107"
1072
10°
10
10°
10_6 %_ - Bx ¢: 2
S Ce™ fit (x</NDF = 0.22)
1077 B=(-6.2 £0.2) ¢*/GeV
10—8:I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.5 1 1.5 2 25 3 35 4 45
m (GeV/c?)
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Mass ordé.ring in Pb-Pb"

----- blast-wave fits

Pb-Pb, \ Syn = 2-76 TeV

2 3 4 5 6 7 8 9 10
pT(GeV/c)

< 0 i
Both SHe and anti-*He
iIntegrated yields have been
measured and compared to
deuteron and proton

integrated yields

ALICE preliminary
Pb-Pb \ s, =2.76 TeV

0-20% centrality

—— Ce™ fit (x2/NDF = 0.22)
B=(-6.2+0.2) c?/GeV

—h
o
4
TTTTTm

10_8 I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.5 1 1.5 2 25 3 35 4 45
m (GeV/c?)
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Pb-Pb, 2011 run, \s,y =2.76 TeV
T o A T ‘lj g T “‘l

C \\ R M 1 Ly A \ HLICE = A
- T it Vi g=—1"He 3
~ 900+ B 3 i f“ LA He PERFORMANCE Q 1 02
E & O S July 4", 2012 3
“‘ ':i\".. \e - 2
0 \ o 3
| A 1 T

negative particles

ALICE preliminary
Pb-Pb \ s, =2.76 TeV

N— 0-20% centrality

e

01 0z 03 1 2 8 45
Both SHe and anti-*He
iIntegrated yields have been
measured and compared to

deuteron and proton

, | —— Ce™ fit (x2/NDF = 0.22)
integrated yields 1077

B=(-6.2+0.2) c?/GeV

10_8I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o5 1 15 2 25 3 35 4 45

m (GeV/c?)
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Mass ordé.ring in Pb-Pb"

S Lk ALICE preliminary
S ok Po-Pb | 5, = 2.76 TeV
Thermal model predicts: L 0-20% centrality
dN m 1071k
— X exp :
dy 1 chem 107 3
» Verified with nuclei! 10°F
 Each nucleon added 10
gives a penalty of a 105
factor ~300 in the 10_6; .
integrated yield = — Ce™ fit (x*/NDF = 0.22)
1077 B=(-6.2 £0.2) ¢*/GeV
10_8:||IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0.5 1 1.5 2 25 3 35 4 45
m (GeV/c?)
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d / p ratio

2d/ (p +P)

5% 0°
" [M]ALICE, pp, |8, = 7 TeV ALICE preliminary
[ [M]ALICE, p-Pb, \ s, = 5.02 TeV
5 - VOA Multiplicity Classes (Pb-side)
- [W]ALICE, Pb-Pb, |5, = 2.76 TeV H H
41 H
- " H » Rise with multiplicity
3t * % % - * No further increase in
oF & * Pb-Pb collisions within
- # errors
1=
O: L] L] L
‘ 10 10 10°
ANy /a0 4 1<os

The d/p ratio increases with the charged particle multiplicity: this is
consistent with the coalescence picture
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Coalescence parameter B,

B> parameter: R. Scheibl and U. Heinz, Phys.Rev. C59, 1585 (1999)

The coalescence parameter, defined as: . px10°
BN KOS VOA Multiplicity
Eq dp3d > . Class (Pb-side)
_ P O] -
9 = = - o + [®] 0-10%
E d’Ny ? o 14 ++++++ ©]10-20%
P dpp 12F b ft [@]20-40%
. \ . :_ —0——0— . -60%
s predicted to be prindependent by the "% i e el S
simplest formulation of coalescence sE Raka .
mOdel . 4;_ ALICE preliminary
£y : 2k 2E  p-Pb |s, = 5.02 TeV, deut
This is observed in p-Pb collisions. D

05 1 15 2 25 3 35 4
pT(GeV/c)
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Coalescence parameter B,

B> parameter: R. Scheibl and U. Heinz, Phys.Rev. C59, 1585 (1999)

The coalescence parameter, defined as:
d3 Ny

is predicted to be pr independent by the 10
simplest formulation of coalescence
model.

B, (GeV’/c?)

1073 |-

ALICE Coll. arXiv:1506.08951 [nucl-ex]

ALICE, Pb-Pb, \s,, = 2.76 TeV

d
[®] 0-10%

[@]10-20%

20-40%
[®]40-60%
(@]60-80%

P, /A (GeV/c)
VI, FUCCIO - (ANU-)(Hyper-)matter production at the LHC - LHCP 2015

20 x10°
o - VOA Multiplicity
~« 18F
% - Class (Pb-side)
¢ 16 0 + [@] 0-10%
I RS -o
mN 14 :_ _¢_ _¢__+_+ @ 10-20%
12 [®]20-40%
L Gipmaeait sem
ok Ixzs*f*_._ [#]60-100%
— o .
- = Sl _+_
6
45 ALICE preliminary
2F p-Pb |sy, = 5.02 TeV, deuterons
= I L L I L L I L L L I L L L L I L L L L I L L L L I L L L L

05 1 15 2 25 3 35 4

The coalescence parameter gets smaller as

the events are more central. This is due to the
increasing size of the emitting source.

The B2 depends on prin central events,
which could be explained by looking at the
Hanbury Brown and Twiss radii dependence
of the Bo.



(Anti-)Hyper-triton in Pb-Pb

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration
measured its production in the charged 2 body decay channel.

Mass = 2.991 GeV/c?

Lifetime ~ 215 ps

3 3 _
Signal Extraction: ‘H—" He+

* |dentify SHe and m 3 3 0
. Evaluaﬁe (3He, ) invariant AH - H+m
mass iH—)d—l—p—I—W_
 Apply topological cuts In
orrc)j%?/to:p ’ ?\H%d‘l—ﬂ—FWO
* |dentity secondary decay
vertex + anti-hypertriton
 reduce combinatorial counterpart

background
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(Anti-)Hyper-triton in Pb-Pb

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration
measured its production in the charged 2 body decay channel.

Mass = 2.991 GeV/c?

Lifetime ~ 215 ps

P 2 H —° He + 7~

Signal Extraction:

* |dentify SHe and m 3 3 0
. Evaluaﬁe (3He, ) invariant AH - H+m
mass iH—)d—l—p—I—W_
 Apply topological cuts In
orrc)j%?/to:p ’ ?\H%d‘l—ﬂ—FWO
* |dentity secondary decay
vertex + anti-hypertriton
 reduce combinatorial counterpart

background
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(Anti-)Hyper-triton in Pb-Pb

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration

measured its production in the charged 2 body decay channel.

‘He
Signal Extraction:
ldentity SHe and m
Evaluate (3He,m) invariant NI anami iy
mass g
Apply topological cuts in | i vuwenierden -7 5
order to: » 1/ © | pointing angl
» identify secondary decay / 4
vertex i ‘ ’I radius of the fiducial volume
* reduce combinatorial e i _T"f\;;' ---------------------------------------------
backgrouna '

positive track

Mass = 2.991 GeV/c? Tt

Lifetime ~ 215 ps

negative daughter dca

Image not in scale
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Hyper-triton is the lightest hyper-nucleus. ALICE collaboration
measured its production in the charged 2 body decay channel.

Mass = 2.991 GeV/c? S «Data
Lifetime ~ 21 > 90 0
etime O pS é} 80:_ ALICE 10-50% = Background
- Pb-Pb |s,, =276 TeV _— i i
Signal Extraction: a 70F S combined i
* |dentify 3He and 1t 2 60 SHo 3He +
- Evaluate (3He,m) invariant =
mass - +
* Apply topological cuts in *ﬁ, wlw] . i
order to: ++ t Hi
* |dentity secondary decay :
vertex 108 5 ¢ p. <10 GeV/c
° ' ' Coa v b b by v by v by
reduce combinatorial 0598299 3 3.013.02 3.03 3.04
background Invariant mass (*He,n’)(GeV/c?)

ALICE Coll. arXiv:1506.08453 [nucl-ex]
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(Anti-)Hyper-triton in Pb-Pb

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration
measured its production in the charged 2 body decay channel.

Mass = 2.991 GeV/c? ) 905 ~Data
e S =
. . 1O - Pb-Pb s =2.76 TeV — ined Fi
Signal Extraction: o 70F Yo wombined i
* |dentify 3He and i 2 60 °H - e +
« Evaluate (3He,m) invariant £ 5ob
mass H 105
* Apply topological cuts in 305_
order to: " 1.1
* |dentity secondary decay 20; 4
vertex 10;‘ 2<p <10 GeV/c
* reduce compinatorial 0558 '2' 99 3 301302303 304
background Invariant mass (*Hezt*)(GeV/c?)

ALICE Coll. arXiv:1506.08453 [nucl-ex]
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Measurement of the hyper-triton lifetime

ALICE Coll. arXiv:1506.08453 [nucl-ex]

N

5 _ ALICE
2“5 N Pb-Pb \'s,, = 2.76 TeV
Z|S \
O 102F \#\
N
|
10 \ !
" ct=(5.4+"%+1.0)cm \
| | | L1 1 | [

I N I I ] ] | I
0 5 10 15 20 25
ct (cm)

From the exponential fit to the differential yield in ditferent ¢t bins
it IS possible to extract the litetime of the hyper-triton

ALICE World average
7(181135 (stat.) & 33(syst)) ps T = 2157 % ps
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ALICE Coll. arXiv:1506.08453 [nucl-ex]

’g S00F
ey R. E. Phillips and J. Schneps =+ Free A (PDG)
c I PR 180 (1969) 1307 3H World A
% 400+ G. Keyes et al. AT YYOra Average
= I PRD 1 (1970) 66
_CI i STAR Collaboration
@) - Science 328 (2010)58
£ 300
+ - I ALICE
CD FE EEEE EEEEEEEEEE N EEEEEEEEEEEEEEEEEN BE B EEEEEEN ; --------- l ----------------------
O L
> g
T 200r |

[ G. Keyes et al. T i

NPB 67(1973)269
HypHI Collaboration
100 i Q G. Bohm et al. NPA 913(2013)170
i NPB 16 (1970) 46
- R. J. Prem and P. H. Steinberg
0 - PR 136 (1964) B1803

From the exponential fit to the differential yield in ditferent ¢t bins
it IS possible to extract the litetime of the hyper-triton

ALICE World average
7(181135 (stat.) & 33(syst)) ps T = 2157 % ps
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Thermal fﬁodel fits

~, ; 5 i
§ 10° Fese . ALICE Preliminary
B 102 SG Pb-Pb Isyy =2.76 TeV, 0-10%
10 P e : : :
1 & Not in fit : : : : il :
1 0—1 ¢ Extrapolated -
10°2 Model T(MeV)  ?/NDF|: : : :
; — THERMUS 2.3 155+2  245/9 |
10 - = GSI-Heidelberg 156+2  18.4/9 | 5 : : : :
107 - . +SHARE 3 156 + 3 15.1/9 | : : : A W
N N : : : . . . :BR=25°/'
-g 0 5 n .
€ 0.5 b R e =
sk ? 0oo o
e [ Nt P [ o - A O S S S S . i LRI I _
§0bgee 5t RCRRCANTS +++ b
3 g o 0 ot S O SOOI AOURUURUUS JOUUOUURPURUR AU SOUUUPRRE SO JL B SRR 2 o [N -
2-0.5 | -
§ 4 :__=_ ....................................................................... _;
% 2 :_.T=T. ................................................. RTINSO TIPS NS =
© O e i R m+_ ................................................................ I .
-c?. - | W . - ol [SLE__PL
-8 _2 — _!-l-=-:-f ........................................................... —
RS Ot SO SO OO SO SOPO PRt SOUOURUON SOPROUOPOOE SEURORUOO SESRORPRE SURRPRS =

Grand canonical thermal fit for 0-10% central Pb-Pb collisions, with different
thermal models. All models fit the abundances with T = 156 MeV.

The predictions of all of them miss the yield of protons and K*.
M. Puccio - (Anti-)(Hyper-)matter production at the LHC - LHCP 2015




. Nt
Conclusions and perspectives

* Nuclei production at the LHC has been measured up to A=4

» Both coalescence and thermal model are successtul in the
description of particular aspects of the measurements:

* Integrated yields are well described by thermal models

* The trend of the coalescence parameter and of the d/p ratio
could be described by the coalescence model

» Hyper-triton measurements confirm the puzzle of its short lifetime

* LHC Run 2 will give the opportunity to extend the current
measurements and put tighter constraints on theoretical models.
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ALICE experiment
High

Momentum Tracking
Particle System
IDentification
L Time
Time | Projection
o wa NP = Chamber

T ——

R

* General purpose heavy ion experiment
* Excellent particle identification (PID) capabilities and low material

Flight

budget
= Most suited detector at the LHC to study the nuclei produced in the
collisions
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Pb-Pb, 2010 run, \s,, = 2.76 TeV

pos. particles, |dcaxy| <3cm

ALICE

PERFORMANCE
9/07/2013
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Specific energy loss in the Time Projection Chamber volume provides PID
information for light nuclei.
= O4e/dx~ % (in Pb-Pb collisions)
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VOA Multiplicity ALICE preliminary
+ Class (Pb-Side) 0-10% 2.4 GeV/c < p. < 2.6 GeV/c

E_ ® Data

E— — Signal

E_ — Background
E— — Sig + Bkg

E_ deuteron

- p-Pb | sy = 5.02 TeV ¢‘¢'

25 2 15 -1 05 0 05 1 15 2 25

Tracking information + time of flight measured by the Time Of Flight detector

m2,e - m3 (GeV?/c?)

ltrack

mTOFzﬂﬁ where 526 P
 ITOF

— m of the particle

= Otime-of-flight~ 89

ps (in Pb-Pb)
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1400F ALICE Preliminary deuteron
HMPID PID 3.8 < p, < 4.2 GeV/c

counts

1200 %
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600 _y Data

....Background Centrality class: 0-10%

O:IlllllllIII o b b v v b gy

2 2.5 3 3.5 4 4.5 5 5.5 6

m2 (GeV?/c%)
1

n - cost,

p
MUAMPID = 5_W where [ =

Tracking information + High Momentum Particle IDentification detector
(Cherenkov light detector) signal

— m of the particle
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ALICE traEking efﬁcientr
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ALICE Coll. Int. J. Mod. Phys. A 29, 1430044 (2014)
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Collision systems at the [HC

Reference for
measurement in other
systems

Study of hot and dense
| QCD matter

Three collision systems: unigue opportunity to further study hadronisation and
the strong interaction at extreme regimes of energy density
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~ A~

Centralitywof a collision

The centrality of a collision is defined by the impact parameter b:
Most central collision < Smallest b

Experimentally it is possible to correlate the charged particle multiplicity to b by fitting
data with the function shape predicted by the Glauber model.

The correlation between charged particle mult. and impact parameter in p-Pb is broader.

L N O P A N
f@ P b Ib @
K. Aamodt et al. Phys. Rev. Lett. 106, 032301

LI l LI l Al I L] l LELE l Al l

T T LI
s PD at gy = 5.02 TeV
+ Data w2 Fb at {5
: -10% ALICE
' 0-20% e =

— Glauber fit

Events (a.u.)
2

2

7000

Events

2.8 < |nue| < 5.1

2

50-60%
40-50%

10

2

5000 10000 15000 20000 10 100 200 300 400 500 600 700 890 900
VZERO Amplitude (a.u.) VZERO-A amplitude (a.u.)

V-ZERQO is a scintillator hodoscope used for centrality estimation and for the trigger.
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Observation of the anti-triton

ALICE Coll. arXiv:1506.08951 [nucl-ex]

Only those tracks which pass the pre-selection done by applying a 30

cut on the TPC dE/dx are considered as anti-triton candidates.

dE/dx in TPC (arb. units)

—
o
w

2

Pb-Pb
N Sy =276 TeV

1 1 1 1 I 1 1 | 1 l | 1 1 1 I 1 1 1 1 I 1 1 | | l 1 | | |

-2 -1 0 1 2

p/z (GeV/c)
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http://arxiv.org/abs/1506.08951

Observation of the anti-triton

ALICE Coll. arXiv:1506.08951 [nucl-ex]

Only those tracks which pass the pre-selection done by applying a 30

cut on the TPC dE/dx are considered as anti-triton candidates.
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Observation of the anti-triton

ALICE Coll. arXiv:1506.08951 [nucl-ex]

Only those tracks which pass the pre-selection done by applying a 30

cut on the TPC dE/dx are considered as anti-triton candidates.
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The coalescence parameter can be expressed as a function of the HBT radlii:

o 37T3/2 <Cd>
2mTRi (mT)R” (mT)

By

R. Scheibl and U. Heinz, Phys.Rev. C59, 1585 (1999)

A rough agreement is found in terms of magnitude and the dependence on pr.

ALICE Coll. arXiv:1506.08951 [nucl-ex]

B, or \[4/3 B, (GeV?/c?)
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0.0008 |— d + —eol®l|®
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The coalescence parameter
for a nucleus / with A nucleons
IS defined as:

BN,

E;
dp?

From this it Is possible to
derive a recursive formula.
For instance for the SHe:

M3H62. m) ~ §B§
Md

33:B§< .

M. Puccio - (Anti-)(Hyper-)matter production at the LHC - LHCP 2015


http://arxiv.org/abs/1506.08951

—
_—

- —
Hyper-triton yield compared to thermal models
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Search foF/\/\ and An

Thermal models describe with high accuracy the abundance of
different particle species. They can also predict the abundances
of exotic weakly decaying dibaryon states, such as:
* N\ (H-dibaryon):
e predicted by Jaffe in bag model calculations
R. L. Jaffe, PRL 38, 195 (1977)
 |attice calculations suggest a lightly bound state or

resonance close to =p threshold
T. Inoue et al., PRL 106, 162001 (2011) and S. R. Beane et al., PRL 106, 162002 (2011)

* Predicted yield: 211 - 2110 (in 14M events)
* An-bar bound state
* Predicted yield: ~4000 (in 14M events)

Both AA and An-bar should be measurable with the statistics
available in ALICE according to the thermal models predictions.
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Counts/(4 MeV/c?)

o
;rr

P

nvariant mass spectra for AA and An-bar

ALICE Coll. arXiv:1506.07499 [nucl-ex]

The arrows indicate the sum of the masses of the constituents.

~ALICE o+ % 35000 ALICE y
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1500 F S g e
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No signal visible in the invariant mass spectra. From the non-
observation it is possible to compute the upper limits for the
production rates.
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ALICE Coll. arXiv:1506.07499 [nucl-ex]

> E ALICE : __
= — Pb-Pb . v Upper limits (99% CL, 0-10% central)
5107 ="\ S, =2.76 TeV + --- Thermal model prediction (156 MeV)
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Upper limit of the dN/dy in the assumption of 64% branching
ratio for the H-dibaryon and 54% for the An-bar state.
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Upper limits to AA and An-bar production

ALICE Coll. arXiv:1506.07499 [nucl-ex]

&) o i_ ALICE Pb-Pb | s, =2.76 TeV (0-10% central)
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70000

Run 3 & Run 4 of LHC will deliver much
more statistics (50 kHz Pb-Pb collision rate)

- ALICE Upgrade

60000~
- Pb-Pb, \s, = 5.5 TeV

500005— Centrality 0-10 %

Integrated luminosity : 10 nb”’

Upgraded ALICE apparatus will be able to
cope with the new high luminosity

Counts / 4 MeV/c?

| 40000},
environment i
30000}

ITS Upgrade: less material budget and 200005

more precise tracking for the identification :
of hyper-nuclel. 10000 2< p, < 10 GeV/c

?\H —>3He +
‘ L L.

All the physics which is now done for A = 2 096568 3 502 304 506
and A = 3 (hyper-)nuclei will be done for A ~ Invariant Mass(°*He, ) (GeV/c?)

= 4. ALICE Coll. J. Phys. G 41 (2014)
State dN/dy B.R. (Accxe) Yield

Numbers for ?\H 1 X :_0_4 25% 11 % 44000
Ln=10nb" | 4 H 2% 10~7  50% 7 % 110
YHe 2x1077 32% 8 % 130
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