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Upgraded ALICE detector in Run 3

New Si Inner Tracker: 10 m? of

MAPS with 29x27um? pixel size

3 inner layers ~0.3% X0 each.

Closer to the beam ’

50-500 kHz continuous readout / e — | Inner Barrel

ALICE

TPC MWPC readout - 4 layer GEM
(Intrinsic ion backflow ~99% blocking)
5MHz continuous sampling

Outer Barrel

«3ise

pad plane

Fast Interaction Trigger (FIT) detector V'ﬁ/“mnggf’a.
Scintillator (FVO, FDD) + Cerenkov (FTO) o =
detectors to provide Min.Bias trigger Al

for detectors with triggered R/O

»
s AT
o d

Muon Forward Tracker
to match muons before
and after the absorber.
Same Si chips as new ITS
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Upgraded ALICE detector in Run 3 TN @

alICE

~ ALICE Performance, Run 3, pp, /s =13.6 TeV
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[ 2022: 19.3 pb™
a0l 2023: 9.7 pb”’
- 2024: 45.9 pb™
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Motivation TN @

ALICE
Pieper and Wiringa, Ann.Rev.Nucl.Part.Sci.51:53-90 (2001)

-20
e State-of-the-art interaction . ]
models for NN and NNN are '251 E
need to predict nuclei binding gt 3
energies correctly 5 :
e Experimental constraints on = &n i
three-body interaction can be 2 b ¥
provided by femtoscopy g : ]
At :
-501 .
550 k
C 0%
60 by
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Motivation TN @

ALICE
Pieper and Wiringa, Ann.Rev.Nucl.Part.Sci.51:53-90 (2001)

-20
e State-of-the-art interaction L o :
models for NN and NNN are '251 E
need to predict nuclei binding _30;4He L E
energies correctly K .
e Experimental constraints on = a0 F
three-body interaction can be S ok 1]
provided by femtoscopy I ]
e p—disideal system to access ; 451~ =
genuine three-body nucleon A "
(NNN) interaction oF I ——— F
550 k
N 0%
60F b
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Femtoscopy

ALICE

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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Femtoscopy . TUT

ALICE

/’ B |
‘ Interactions:
- Quantum stats
- Coulomb
\ . - - Strong
p et p1 -
Particle pairs:
p—p, p—\, ...

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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Femtoscopy g TUTI

ALICE

Interactions:
- Quantum stats
- Coulomb
- Strong

* ]‘ _’* _)*
k* = §|p1 — Py

p1

st
A same event (N ) Particle pairs:
£ : p—p, p—\, ... % A Correlation function
g | mixedevent (NME) ’ ! =
G
3
E N._/N
Z SE/ ME 1
>
» K
»  K*
<400 MeV/c <400 MeV/c

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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Femtoscopy

* ]‘ _’* ¥
k* = 5’171 — Py

A same event (NSE)

mixed event (NME)

umber of pairs

<400 MeV/c

» k'

TM®

ALICE

Interactions:
- Quantum stats
- Coulomb
- Strong

rticle pairs:
p—p, P\, ...

Correlation function

C(k*)

NSE/NME

>

»  K*

<400 MeV/c
M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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Femtoscopy . TUT &

ALICE
2 .
] P Interactions:
k* — 5 5’{ _ 1;; - Quantum stats
- Coulomb
- Strong

o P1
Particle pairs:
p—p, P\, ...

k*— 00

C(k*) =N - /S(r*)]\ll('r*, B2 &3 S

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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Femtoscopy TUT &
ALICE
] Interactions:
E* = — 5’{ _ 1;; - Quantum stats
- - Coulomb
- Strong

k*— 00

Ck) = N :/S(r*)y\p(r*,k*)\zdf‘r* i o

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402 (2005)
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The source TUT @)

ALICE
ALICE, arXiv:2311.14527, accepted by EPIC

® Common source for primary produced R 3 USRS
. . = | ALICE pp Vs =13 TeV ]
hadrons in pp collisions o : High-mult. (0-0.17% INEL>0) -
1 P 2 L 2.5 ® —=p-p ® pP (Av18)
S(T*) — 3 eXp - . Fecore = @ - <m-r>b +C
(27Trcore) 2 27 core o ——nt—nt @ n-n" Poll -
i —e=rn"nt ® n - Pol2
® Source size is modified by short-lived [ == K'-p ®K'—p (xEFT) ]
resonances 1.5¢ g
® Source size is universal for baryon-baryon 5 1
and baryon-meson pairs 1 .
- Run 2 -

. | 1 | 1 1 | 1 I Il 1 1 1 | 1 Il 1 1 | | 1 1 1 I

0.5 1 15 o 25
(m.) (GeV/c?)
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The source TUT @)

ALICE
ALICE, arXiv:2311.14527, accepted by EPIC

® Common source for primary produced R 3 USRS
. . = | ALICE pp Vs =13 TeV ]
hadrons in pp collisions o : High-mult. (0-0.17% INEL>0) -
1 P 2 L 2.5 ® —=p-p ® pP (Av18)
S(T*) — 3 eXp - . Fecore = @ - <m-r>b +C
(27Trcore) 2 27 core o ——nt—nt @ n-n" Poll -
i —e=rn"nt ® n - Pol2
® Source size is modified by short-lived [ == K'-p ®K'—p (xEFT) ]
resonances 1.5¢ g
® Source size is universal for baryon-baryon 5 1
and baryon-meson pairs 1 .
- Run 2 -

. | 1 | 1 1 | 1 I Il 1 1 1 | 1 Il 1 1 | | 1 1 1 I

=> i ?
Do deuterons follow the same m_scaling 05 1 15 2 o5

(m.) (GeV/c?)
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Benchmark: Kaon-deuteron correlation T &)

ALICE Phys. Rev. X 14 (2024) 031051 ALICE

1.4 [ T T T T
: : - ALICE
e Effective source size computed from 1.2F pp High-mult, /s =13 TeV
common source: - BK-doK-d
K+d +0 04 1__ p fQﬁOIOMOIO?U"U'U
Teff = 1.3570 5 fm : ¢:<>m%=°

i I — l | I l 1 Ll I 11 1 l ) I Q ) I — I 11 1

e System model as two-body system with §0'8: ¢ o
Lednicky-Lyuboshits S %4’ Wi g‘
(R. Lednicky, Phys. Part. Nuclei 40, 307—-352 (2009)) ) i
® Scattering parameters based on available I Coulomb
: 0.4, Coulomb + ER
scattering data _ — ——i
e Good agreement with the data 0.2 pun2 T
1 | 1 | 1 I 1
0 100 200 300 400
k* (MeV/c)
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Benchmark: Kaon-deuteron correlation T &)

ALICE Phys. Rev. X 14 (2024) 031051 ALICE

1.4 [ T T T T
: : - ALICE
e Effective source size computed from 1.2F pp High-mult, /s =13 TeV
common source: - BK-doK-d
K+d +0 04 1__ p fQﬁOIOMOIO?U"U'U
Teff = 1.3570 5 fm : ¢:<>m%=°

i I — l | I l 1 Ll I 11 1 l ) I Q ) I — I 11 1

e System model as two-body system with §0'8: ¢ o
Lednicky-Lyuboshits S %4’ Wi g‘
(R. Lednicky, Phys. Part. Nuclei 40, 307—-352 (2009)) ) i

® Scattering parameters based on available I Coulomb

: 0.4, Coulomb + ER

scattering data _ — ——i

e Good agreement with the data 0.2f pun2 T
. . ) 1 | ! | ) | !

=> pairs with deuterons follow the same m_ 0 100 200 300 400
scaling! k* (MeVi/c)
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Proton-deuteron correlation

Effective source size computed from

common source:

eff — 1.08"

0.06
“o06 fm

System model as two-body system with

Lednicky-Lyuboshits

Scattering parameters based on available

scattering data

Large deviations between model and data

10

C(k*)

TUT

ALICE Phys. Rev. X 14 (2024) 031051

' I I l i

Run 2 B d‘
I Coulomb "

I Coulomb + Black
I Coulomb + Kievsky
I Coulomb + Arvieux
B Coulomb + Huttel
" Coulomb + Van Oers |

1 1 1

Baseline

-©-1-0-§9°

- ALICE
pp High-mult. Vs =13 TeV

© p-d® p-d 1
N PR

1 1 | DI

0

200 300 400

k* (MeV/c)

ALICE
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Proton-deuteron correlation

Effective source size computed from

common source:

eff — 1.08"

0.06
“o06 fm

System model as two-body system with

Lednicky-Lyuboshits

Scattering parameters based on available

scattering data

Large deviations between model and data
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Proton-deuteron correlation TUTI

ALICE

e Effective source size computed from 10 ——2HICE Phys. Rev: X 14 (2024) 031054
common source: i RUN 2 ) ‘ ]
— 1. 08+8 82 fm I I Coulomb T ]
I Coulomb + Black |
° System model as two-body system with Il Coulomb + Kievsky
Lednicky-Lyuboshits . iy cckimR AR
. ) x B Coulomb + Huttel
® Scattering parameters based on available % Bl Coulomb + Van Oers |
scattering data Baseline
e Large deviations between model and data
I -©-1-0-§9° ]
e ALICE !
@ pp High-mult. Vs =13 TeV ]|
0 100 200 300 400

k* (MeV/c)
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Proton-deuteron correlation TUTI

ALICE
e Full three-body calculation necessary

Three-nucleon
wave function

1 *
S(p, Rm)|¥ (K", p)|*p°dpdQ

16 A4

Effective nucleon-nucleon
source size in the p-d system
<lllllllllll
Rwm

de(k*) —

M. Viviani et. al., Phys. Rev. C 108, 064002 (2023)

anton.riedel@tum.de 61° International Winter Meeting on Nuclear Physics



Proton-deuteron correlation TN @

ALICE

. ALICE, Phys. Rev. X 14 (2024) 031051
e Full three-body calculation necessary 1.2 — T
Three-nucleon 1 O 50=
wave function

1 : o 0.8
164, S(p, Rm)[¥ (K", p)|"p°dpd©2

Effective nucleon-nucleon
source size in the p-d system

lllllllllll

pp High-mult. Vs =13 TeV

6 p-d® p-d

de (k * ) — E
B AV18+UIX (full) -

1 AV18+UIX (s*-wave)

I | Pionless EFT (NLO)
. . . 0.2 Baseline
® (Calculation performed with hyperspherical -
harmonics approach with Argonne V18 g——+——+——+————+—
(AV18) + Urbana IX (UIX) potentials ST PR T S0 00 ST YN L W
e Good agreement with the data il e _‘
0 100 200 300 400 500 600
k* (MeV/c)
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Proton-deuteron correlation TN @

ALICE
ALICE, Phys. Rev. X 14 (2024) 031051

e Ratio of correlation function with and 1.06 : : : , ; : :
without three-body force
o Up to 5% effect from three-body 1.04
interaction gmoz
o No sensitivity in Run 2 due to 2
limited statistics [$) 1
o Only probe one radius with one m_ i
bin <—0.98
2
2 0.96
O
0.94
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Proton-deuteron correlation

® Ratio of correlation function with and
without three-body force

o Up to 5% effect from three-body
interaction

o No sensitivity in Run 2 due to
limited statistics

o Only probe one radius with one m_
bin

k*)/CAV18

N

CAV18+UIX

1.06

0.98

0.96

0.94

0.92

ALICE, Phys. Rev. X 14 (2024) 031051

fn-vo\.\‘\Sensmwty inRun 2 _|
/ > oo = e 1
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Proton-deuteron correlation TUTI

ALICE
® Ratio of correlation function with and 1.06 — - AUCH Py Rev X0 [2024) 031051
without three-body force
o Up to 5% effect from three-body
interaction
o No sensitivity in Run 2 due to
limited statistics
o Only probe one radius with one m_

bin

Sensitivity in Run 2 _|

0 100 200 300 400
k* (MeVi/c)
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Proton-deuteron correlation TN @

ALICE
e Ratio of correlation function with and .
without three-body force New result with Run 3 data!
o Up to 5% effect from three-body = : 3
. . 5 1_— = — —
interaction - IR
o No sensitivity in Run 2 due to 08 o
limited statistics * ALIGE R ieliminry
o Only probe one radius with one m_ 06~ 1 pp /s =13.6 TeV
i of|  EEpa
e LHCRun3! | : AV18+UIX (2N+3N)
o  Preliminary result c_mly t.Jsmg o!ata 0.2f Baseline
from 2022 and antiparticle pairs [
already increased statistics ~5 00750100 150 200 250 300 350 400
O Possibility to perform m_ o eren i k* (MeV/c)

differential analysis

anton.riedel@tum.de 61° International Winter Meeting on Nuclear Physics



Summary and outlook TUT &

New result with Run 3 data! ALICE

—
*

e K'—d: pairs containing deuterons = 1

follow same m_ scaling observed

for hadrons 0.8
o p—d: C ALICE Preliminary

o System is sensitive to 0.6 * pp Vs =13.6 TeV
three-body dynamics 8 — e =

o Resolve three-body effect 0.4 ' pd
with Run 3 statistics L AV18+UIX (2N+3N)
(increase statistics by ~30 0.2 ;

I Baseline

compared to Run 2 by 2025)
P A

F H O B A T e VAN AR O 300 A S I AT P 1 i I WY O V) e W N O S SO C o
o Rundifstatlsslcls \:nI(;aI'OW for 50 100 150 200 250 300 350 400
m_ differential study k* (MeV/c)
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