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Small collision systems:
- pp 13 TeV
- p-Pb 5.02 TeV

= particle sources below 1 fm
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Central barrel tracking and PID:
- Inner Tracking System
- Time Projection Chamber

. - Time Of Flight
Small collision systems: .
Reconstruction of hyperons:
- pp 13 TeV
- p-Pb 5.02 TeV - A—p
- E—An
- Q—AK

= particle sources below 1 fm

Study of p-Z-, p-Q pairs
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Central barrel tracking and PID:
- Inner Tracking System
- Time Projection Chamber
- Time Of Flight
Reconstruction of hyperons:
- A—pmn
- E—An
- Q—AK
Study of p-Z-, p-Q pairs

Hadron physics

Interaction of baryons with strange content:

- First principle calculations: Recent developments by
lattice QCD at the physical point

- Models are constrained by data with limited precision,
in contrast with N-N interactions

Correlation studies with ALICE:

- Precise data in the low momentum range, not
accessible with other approaches.

- Consequences for: appearance of hyperons in neutron
stars, existence of strange di-baryons.

Recent publications: arXiv:2004.08018 [nucl-ex]
arXiv:2005.11495 [nucl-ex]
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https://arxiv.org/abs/2004.08018
https://arxiv.org/abs/2005.11495

® Two-particle correlations as a tool for studying h-h interactions TUTI

ALICE

P _‘!_\ - -
Based on the correlation function C(k*) = %, with k* = |pj — pi|/2 and p] = —p;

N
. o 4 2
Theoretically formulated: | C(k*) = [ |1,U(k*,r*)| d>r* : ° '
) e Attractive
o
Q
Interaction 1=
%\ ) \Repulslve g Repulsive
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,§ Attractive k*(MeV/C)
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Schrédinger l equation

CATS: Schrodinger equation solver

Two-particle wave function E‘]:
D.L.Mihaylov et al. Eur. Phys. J. C78 (2018) n0.5.394

w(k*, %)
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https://link.springer.com/article/10.1140/epjc/s10052-018-5859-0

® Two-particle correlations as a tool for studying h-h interactions TUTI

ALICE

P _‘:_\ - -
Based on the correlation function C(k*) = %, with &* = |p5 — pi|/2 and p] = —p;

N
E— 2
Theoretically formulated: | C(k*) = [ |W(k*,r*)| d>r* :> - .
) R Attractive
il
Q
Interaction 1
e | \RPI g Repulsive
o D = \/ " 50 100 150 200
o \ § Attractive k*(MeV/C)

0 0.5 1 1i5 2
— r* (fm)

Ps Schrodinger l equation
Two-particle wave function E‘]: CATS: Schrodinger equation solver
lp(k*,ﬁ) D.L.Mihaylov et al. Eur. Phys. J. C78 (2018) n0.5.394

Experimentally obtained: |C(k*) = $(k*) ® Nsame (K") *)
| Nmixed (k™)

Normalization, resolution effects, residual correlations. ,
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https://link.springer.com/article/10.1140/epjc/s10052-018-5859-0

@ SEttlng the source A. Mathis. “07.Heavy lons”. 31-July. 8:48 TuTI

“Search for a common baryon source in high-multiplicity pp collisions at the LHC”, ALICE Coll., arXiv:2004.08018 [nucl-ex]
(submitted to PLB)

Ansatz: similar source for all baryon-baryon pairs in small collision systems

Source characteristics determined via femtoscopic analysis of p-p correlations
- Transverse mass <m > dependence due to collective effects
- Effect of strong short-lived resonances computed for all hadrons
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e 14 F = _ ) . . )
= - 4 The p-=, p-Q sources determined given the pair <m._>:
® F . ALICE pp Vs = 13 TeV = _p P g P T
SRS TR ¥ High-mult. (0-0.17% INEL>0) § P& <my>=19GeVjc = r . =0.9240.05 fm
1o E_ t %}é ~ Gaussian + Resonance Source _f p-Q: <m>=22GeV/c = r  =0.86+0.06 fm
11 F T .4 =
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09 £ B2l pp L - E
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0.8 k\ P \ =
oMo R
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8

Measurements of p-="and p-Q interactions with ALICE Otoén Vézquez Doce


https://arxiv.org/abs/2004.08018
https://indico.cern.ch/event/868940/sessions/352777/#20200731

Detecting hyperons with ALICE m

Enhanced production of strange hadrons in high multiplicity (HM) pp collisions ALICE Coll. Nature Physics 13, 535 (2017)

Weak decay reconstruction in HM pp collisions:
e Purity of E selection 92%, Q selection 95%
e p-Z pairs: 5.-106 (37-103 pairs for k* < 200 MeV/c)
e p-Q pairs: 0.6-10° (4-10° pairs for k* < 200 MeV/c)

O s o e L B B
.?!‘ e ALICE data
25000 |~ ;8 ....gignal fit .
- ~ P Te mg, = 1.6725 GeVi/c?
& = 3 c=18MeV/c*® _|
= =00 e : ----background fit
> L ol
[0} &
S 15000 . -
S 'oe
B *
= 10000 { & —
© H *
$ )
5000 (— F’ H —

i aih v e il A S St e v e s

e v T ] r vl v e
1.65 1.66 1.67 1.68 1.69 1/
m, (GeV/c?)
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https://www.nature.com/articles/nphys4111

®

ALICE

p-Z in p-Pb at 5.02 TeV TUM

“First Observation of an Attractive Interaction between a Proton and a Cascade Baryon”, ALICE Coll., Phys. Rev. Lett. 123, (2019) 112002

~ 26— T ]
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S o4 ALICE p-Pb s = 5.02 TeV
O pE @®pE
2.2 b g P
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Coulomb
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P p-Z sideband background
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.112002

®

ALICE

p-Z 1n p-Pb at 5.02 TeV

T

“First Observation of an Attractive Interaction between a Proton and a Cascade Baryon”, ALICE Coll., Phys. Rev. Lett. 123, (2019) 112002
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V(r) (MeV)

p—:'— potential from lattice QCD

pol v oo fy
0.5 1

| =20 0]

K. Sasaki et al. (HAL QCD),
Nucl. Phys. A330, 998 (2020)
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Lattice QCD:
U_ single particle potential slightly repulsive

(6 MeV) in pure neutron matter (NS)

= w

Repulsive interaction = = pushed to high densities
= stiffer EoS, higher masses
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.112002

® Lattice QCD with S=-3 Tum

S=0 S=-1 S=-2 S=-3 S=4 S=-5 S=-6

NN  NAND AAAL S5 NE A, 25@ ZE EQ Q0
<€ = >

LQCD
— better S/N
rich data etter S/ T. Hatsuda
@SQM19Bari
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https://indico.cern.ch/event/755366/contributions/3427157/
https://indico.cern.ch/event/755366/contributions/3427157/

Lattice QCD with S=-3

S=0 S=-1 S=-2 S=-3 S=4 S=-5 S=-6
NN NANI AAALSLNE AE zs@ 2 EQ Q0

>

pe . -

LQCD
better S/N

EXP
rich data

e HAL QCD p-Q potential with physical quark masses
o m_=146 MeV/c%, m, = 525 MeV/c?

e Predicts the formation of a p-Q di-baryon.
HAL QCD: pQ binding energy
Strong interaction 1.5 MeV

Strong + Coulomb 2.5 MeV

T. Iritani et al., PLB792 (2019) 284.

Measurements of p-="and p-Q interactions with ALICE

T. Hatsuda
SQM19Bari
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https://indico.cern.ch/event/755366/contributions/3427157/
https://indico.cern.ch/event/755366/contributions/3427157/

Lattice QCD with S=-3

S=0 S=-1 S=-2 5=-3 S=4 S=-5 S=-6

NN NAND AAASSENE AS, EE@ ER  EN

pe -

EXP
rich data

e HAL QCD p-Q potential with physical quark masses
o m_=146 MeV/c%, m, = 525 MeV/c?

e Predicts the formation of a p-Q di-baryon.
HAL QCD: pQ binding energy
Strong interaction 1.5 MeV

Strong + Coulomb 2.5 MeV

T. Iritani et al., Phys. Lett. B792 (2019) 284.
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LQCD
better S/N

>

T. Hatsuda
SQM19Bari

p-=" HAL QCD
p-Q HAL QCD

1
r (fm)

Substantial differences for r < 1fm
p-Q attractive interaction at all distances
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https://indico.cern.ch/event/755366/contributions/3427157/
https://indico.cern.ch/event/755366/contributions/3427157/

p-= and p-Q in pp at 13 TeV TUm

ALICE

“A new laboratory to study hadron-hadron interactions”, ALICE Coll., arXiv:2005.11495 [nucl-ex] (submitted to Nature)

C 1 1]
35 —
X i j E ‘C";LT;‘:?‘Z p= _ e Evidence of attractive strong interaction for both p-= and p-Q systems
E Coulomb + p—E" HAL QCD E
_25) Coulomb + p-- HAL QCD elastic 3 e Data show a p-Q correlation function enhanced with respect to p-=
::*5 F [ Coulomb + p-Q HAL QCD elastic + inelastic 1
2r E e Precise p-Q ALICE data provide first constraint for lattice QCD calculations:
e _ \ _ o Inelastic channels not accounted for quantitatively within the lattice.
- : & ] o The data do not follow the depletion in the correlation function
= e ex oot et s o] expected due to the p-Q bound state
. I = I —+—H
7 p_Q——E e The method can be extended:
6 = o Search for bound state: study of systems with slightly larger sources
. _ o Inelastic channels: measurements of A-=" and X%= correlations
< 4f E
o B -
Y :
2_ 1 p-E: r=1.02+0.05fm
= F p-Q: r=0.95+0.06 fm
0

-
o
w
o
o

200
k* (MeV/c)
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https://arxiv.org/abs/2005.11495

Outlook TLm

ALICE

e The LHC provides precise testing of the hadron-hadron interaction at distances lower than 1 fm.
Correlation data complements/substitutes other approaches.

e  First principle calculations of interactions involving hyperons can be tested.
Necessary to compute reliable Equations of State and study the existence of strange di-baryons.

. . - e F A L 3
e Run 3 and 4 data will provide the possibility S ALICE Upgrade projection ]
. . . . 025 pp \s =14 TeV, Q trigger -
of carrying out new and differential studies - L, =200 pb™ :
- In -3
and investigate 3-body interactions. s . O E
. Coulomb + HAL QCD t/a=16 ]
- — Coulomb + HAL QCD t/a=17 e
15 — Coulomb + HAL QCD t/a=18 ]
C — Coulomb 7
1f :
05 :
N A
0 100 200
k* (MeV/c)
ALICE-PUBLIC-2020-005,
https://cds.cern.ch/record/2724925 16
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https://cds.cern.ch/record/2724925

Outlook

e The LHC provides precise testing of the hadron-hadron interaction at distances lower than 1 fm.
Correlation data complements/substitutes other approaches.

e  First principle calculations of interactions involving hyperons can be tested.
Necessary to compute reliable Equations of State and study the existence of strange di-baryons.

e Run 3 and 4 data will provide the possibility
of carrying out new and differential studies
and investigate 3-body interactions.

THANK YDU
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2F ¢ QQ =
r Coulomb + HAL QCD t/a=16 ]
- — Coulomb + HAL QCD t/a=17 e
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ALICE

Backup
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ALICE

“Search for a common baryon source in high-multiplicity pp collisions at the LHC”, ALICE Coll., arXiv:2004.08018 [nucl-ex]
(submitted to PLB)

A. Mathis, “07.Heavy lons”, 31-July, 8:48
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g, sl ALICE pp Vs = 13 TeV N % 22 ALICE pp Vs = 13 TeV ]
K High-mult. (0-0.17% INEL>0) - § High-mult. (0-0.17% INEL>0)
_ m; €[1.26, 1.38) GeV/c® il 2n m; €[1.26, 1.32) GeV/c® ]
i Gaussian Source ] Gaussian Source .
25— — =~ — _ — -
I Bl ppopPp : 1.8 Ol p—A ® p—A 7
i — Coulomb + Argonne v (fit) ] —  EFT NLO (fit) .
5 * ] 161 — 5 EFT LO (fit) .
[ ] 14F -
155 - [ ]
- E 1.2 - ]
L S _ 1E o y
1_I 1 1 1 I 1 1 1 I I 1 1 1 1 IJ\IJ 1 1 1 I lulul C 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 k ]
0 50 100 150 200 0 50 100 150 200
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https://arxiv.org/abs/2004.08018
https://indico.cern.ch/event/868940/sessions/352777/#20200731

Tm

ALICE
“Search for a common baryon source in high-multiplicity pp collisions at the LHC”, ALICE Coll., arXiv:2004.08018 [nucl-ex]
(submitted to PLB)
A. Mathis, “07.Heavy lons”, 31-July, 8:48
T™h
. —_ 1:""I""I""I""I""I""I""I""I""l"":
i § . eeaas Gauss r(core)=1.20 fm 3
g . - : e Core + p-p resonances |
L 2 ~ - T T, e Gauss r(p—p)=1.28 fm -
e 9: 10-1 = g::oo o Core + p-A resonances __|
Daughter 1 (7)/ E éd --------- Gauss r(p-A)=1.41fm 3
- sb 7 -
X [ o .
s [F i
=0
< S| E
1072 o
5{5
I
Resonance 1 Resonance 2 10—35....|....|....|....|....|....l....l“.."';.l;"‘-...'F'.'...
0 1 2 3 4 5 6 7 8 9 10
r* (fm)
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https://arxiv.org/abs/2004.08018
https://indico.cern.ch/event/868940/sessions/352777/#20200731

Tm

ALICE

“Investigation of the p-2° interaction via femtoscopy in pp collisions”, ALICE collaboration, Phys. Lett. B805 (2020) 135419
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. 6l p-p ® p-p . 1.6 B —=° @ p-° g
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29 . — i
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x g

2 & ir n NSC97f ]
i i —= p—(Ay) baseli ]
oF o . | - p—(Ay) baseline )
5 - 100 200 300 . 7]
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1F o0 1
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https://www.sciencedirect.com/science/article/pii/S0370269320302239

ALICE

“Study of the A-A interaction with femtoscopy correlations in pp and p-Pb collisions at the LHC”

ALICE collaboration, Phys. Lett. B 797 (2019) 134822

O 18
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https://www.sciencedirect.com/science/article/pii/S0370269319305362

ALICE

T

18
16

d, (fm)

14
12
10

“Study of the A-A interaction with femtoscopy correlations in pp and p-Pb collisions at the LHC”

ALICE collaboration, Phys. Lett. B 797 (2019) 134822
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https://www.sciencedirect.com/science/article/pii/S0370269319305362

T

ALICE
“Scattering studies with low-energy kaon-proton femtoscopy in proton-proton collisions at the LHC”
ALICE collaboration, Phys. Rev. Lett. 124 (2020) 092301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.092301
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Enhanced production of multi-strange hadrons in high multiplicity pp collisions
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https://www.nature.com/articles/nphys4111

Tl

ALICE 7
| Source | Potential <
CATS: Correlation Analysis Tool Full
Using the Schrodinger Equation
D.L.Mihaylov et al. Eur. Phys. J. C78 (2018) n0.5.394 - -
Numerically solve
the Schrodinger eq.
—
=
| (D
S
. <
Wave function <
Provides a exact solution computing the
correlation function from the model given
a local potential or wave function form.
v
Correlation function
 Contributions from weak decays and impurities determined
p 5 p p from fits to experimental data EQJ
p L 4 p * Residual correlations are modelled (weak decays) or obtained "8
A from data (impurities) e
, » The correlation function is corrected for residual (BD
Cexp (k") = 4o D 14 D 4, + - contributions and finite resolution effects =
Correlation of interest || Contributions from impurities, secondaries etc. " s
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https://link.springer.com/article/10.1140/epjc/s10052-018-5859-0

Tm

ALICE

Contributions from residual correlations and impurities

— Pair | A [%]
Pair A [%] Pair A [%] Pair A [%] p—Q~ 79.0
P2 58.3 PA-Zg 0.08 P—E0(1530) | 0-09 pA-Q~ | 99
P8z (1530 | 63 pyi—E~ 1.1 bE 0.00 pr+—-Q~ | 5.1
PEagsi | 129 Pr+—E5_(1530) | 0-12 p-E- 7.3 Q- 0.9
P-Zq 0.6 Pr+—Ego(is30) | 0-24 pa-E~ 1.0 p-Q~ 4.2
pA—E~ 8.4 pr+—Eg 0.01 pr-E- | 0.14 pa-Q~ | 0.6
PA—Eg_ 1530y | 093 p—E- 0.39 p-E- 0.05 pri—Q- | 03
PA—Eg0(1530) | 1-87 P—Ez-(530) | 0.04 p-Q- 0.1
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ALICE

Deeply bound =--14N systems
0.174 MeV:3D atomic state

Prog. Theor. Phys. 105 (2001) 627.

Implies an attractive interaction

KISO i«

£ .
event
(KEK-E373)

IBUKI -

event

" B.127+021
(J-PARC E07) -

(MeV)

S. Hayakawa, PhD thesis (2019) Osaka Univ., Unpublished
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ALICE

Models of the p-=- potential

V(r) (MeV)
N
o
~~o0o
nwnmmw
L} L nmn
4~ a0

TR
St oo]
X R R
IR
2O = O
|||||l||||l

V(r) (Me
-~ o~ N
o O O O
o O O O

(62
o
R RN RN RN R R RN R AR R R

HAL-QCD : -

(=)

R 02 04 06 08 1 12 1416 18
r (fm) r (fm)
K. Sasaki et al. (HAL QCD), Nucl. Phys. A330, 998 (2020) ESC16L Meson exchange model

M. M. Nagels et al., Phys. Rev. C 99, 044003 (2019)
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ALICE

In medium: Many body interaction,
average = Single particle potential (U_)

Lattice QCD:

U_ moves from slightly attractive in symmetric
nuclear matter to slightly repulsive U_~6 MeV
in pure neutron matter (NS)

HAL QCD Coll., PoS INPC2016 (2016) 277

Measurements of p-="and p-Q interactions with ALICE
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ALICE

Weissenborn et al., Nucl

2.1

- RMF models: Equation Of State (EoS)
of neutron-rich matter with hyperon content

— use single particle potential
at saturation densities as input

0.1

cwpo >

0.01 5 UE:+28 MeV l// ¥

M/ Msolar

0.1 17}
0.01
0.001 i
5 1.6
5

Measurements of p-="and p-Q interactions with ALICE

10

11 12
R [km]

13

14

. Phys. A881 (2012) 62-77

Experimental constraint:
Observation of ~2 solar
masses NS

Repulsive interaction:

| = = pushed to high densities

= stiffer EoS, higher masses
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Table 2
Binding energy (Ep), scattering length (ag) and effective
range (reg) for the Spin-2 proton-Q potentials [24].

The Proton-Q correlation function in Au+Au collisions at \sqrt{s_{NN}} =200 GeV

. Spin-2 pQ2 potentials Vi Vi Vi
STAR Collaboration. Phys.Lett.B 790 (2019) 490-497
Ep (MeV) - 6.3 26.9
ag (fm) —-1.12 5.79 1.29
< 53000 e (fm) 116 0.96 0.65
312000 1 @
= 0-40% = 2500 40-80%
%mooo 1'5<p1<2'° GeV/c % L _ 1.5<p_<2.0 GeV/c ? 3F -
3 r 3 2000~ Q2 ' o
© 8000) Lo | = Au+Au szN =200 GeV
. 2
=]
6009 <ﬁ" 2F ® PQiPO .
4000 \ b\\ﬂ.\'\‘\ﬁ o« I:LL.I Background
2000 1+ v, i
f [ R 7 4 K z NS ¥ R R T = V"
M (GeV/c?) M (GeV/c?) — vIII
ol il
aood- € 1 1 1 I
3 (b) 2 5o (d) oF . ¥ ]
2 ss00l 0-40% 2 | 40-80% 5 )
S 3.0<p <3.5 GeVic - 3.0<p_<3.5 GeV/c . Expanding Source
§ 3000 § - 1
3 L 3 L Q+Q
© 2500 ©
[ 300~
2000 L 1+
1500) 200
1000 i
L 100
500) |
B ¥ ¥R R AN & SR 0 L - ¥R NN AN K PR o (e) -
M (GeV/c?) M (GeV/c?)
1 1 1 1
0 0.05 0.1 0.15
k* (GeV/c) 32
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ALICE

Lattice calculations with heavy quark masses, m_= 875 MeV/c? m, = 916 MeV/c?
F. Etminan et al.(HAL QCD Collaboration), Nucl. Phys. A928,89(2014)

Fitted by an attractive Gaussian core + an attractive tail, vary range parameter at long distance (b,)
K. Morita, A. Ohnishi, F. Etminan, T. Hatsuda, Phys. Rev. C 94 (2016), 031901

2 2
V(r) =bie ™" +by(1 — e 2" )(e™05" /r)> 100
o  V,:Dbestfit to Lattice calculations L T T e
o V,/V,:weaker /stronger attraction -100 | o
Binding energy (Ep), scattering length (ap) and effective = -200 |
range (reff) for the Spin-2 proton-Q potentials [24]. E -300 | HAL QCD data
Spin-2 p{2 potentials Vi Vi Vin ; -400 | V| i
Ep (MeV) ~ 63 26.9 s i -
ag (fm) ~112 579 129 -500 Vi
regr (fm) 116 096 065 -600 | 5 Wi o
R S 2 Coulomb -----
-800 : :

0 02 04 06 08 1 1.2 14 1.6
r [fm]
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ALICE

Lattice calculations with heavy quark masses, m_= 875 MeV/c? m, = 916 MeV/c?

F. Etminan et al.(HAL QCD Collaboration), Nucl. Phys. A928,89(2014)

Fitted by an attractive Gaussian core + an attractive tail, vary range parameter at long distance (b,)

K. Morita, A. Ohnishi, F. Etminan, T. Hatsuda, Phys. Rev. C 94 (2016), 031901

2 2
V(r) =bre " 4+ bs(1 —e ) e " /r)?
o Vy best fit to Lattice calculations
o V. /V,:weaker/stronger attraction

Binding energy (Ep), scattering length (ap) and effective
range (reff) for the Spin-2 proton-Q potentials [24].

Spin-2 p{2 potentials Vi Vi Vi
Ep, (MeV) — 6.3 26.9
ag (fm) —-1.12 5.79 1.29
Tefr (fm) 116 0.96 0.65
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ALICE

Models of the p-Q- interaction

-> Calculations provide the potential shape for the °S, channel (weight %).

-> Currently, no model for the other channel in S-wave interaction, S, (weight %). Requires coupled channel treatment.

Assume two different (~extreme) scenarios:

1.- Complete absorption for distancesr <r.
r, chosen from the condition |V(°S,)| < |V(Coulomb)| forr>r

2.- Complete elastic with a similar attraction as °S, 2.8
Kenji Morita et al., Phys. Rev. C101, 015201 (2020)
2
< 15
(=]
1
Minimum —
Q5 Reference —— |

0 20 40 60 80 100 120 140

*
a=lq | (MeV/c)
Measurements of p-="and p-Q interactions with ALICE
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Tm

ALICE

Models of the p-Q interaction

e Lattice potential with physical quark masses (°S, channel) T.Iritani et al, Phys. Lett. B792 (2019) 284.
o m_=146 MeV/c?
o m, =525MeV/c

e Sekihara: Meson-exchange model (582 channel) T.Sekihara et al., Phys. Rev. C 98, 015205 (2018)
o  Short range attractive interaction fitted to previous HAL-QCD scattering parameters

100 1 Model p b_inding energy
] (strong interaction only)
%‘ -200 ]
= — Sekihara | 1.54 MeV
3 — HAL t=12 -
2 Sekihara 0.1 MeV
-400

+1 MeV with Coulomb

-500

00 e — Models provide so far only °S, channel (weight %)

r [fm]
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ALICE
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Previous scattering data

No experimental evidence of the cusp due to EN/AN
coupling, responsible for the appearance of a repulsive
short range component in the Ap interaction

Measurements of p-="and p-Q interactions with ALICE

Ap correlations in pp@13TeV by ALIC

X ,0F ~ ' AucEPreliminay | A
Q TR high-mult. (0-0.072% INEL) pp Vs = 13 TeV
C Gaussian core with m; scaling ]
2r [0 p-A ® p-A pairs =
18 = Femtoscopic fit (EFT LO) .
: = Femtoscopic fit ({EFT NLO) =
n - = =+ Constant baseline 7
1.6~ g 1] ~
C O 1028 7
1.4 101} =
C 099E ]
C 098 ]
12F 0.97 -
1;.. ... :
o u ey
e g E
5 =
o
-5F
-10E i . \
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Kk* (MeV/c)

* Extension of the kinematic range and improved precision.
* Clear experimental evidence of the cusp
* LO and NLO calculations within XEFT fail to reproduce the data
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