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Motivation

Hypernuclei are nuclei composed of at least one hyperon

Natural laboratory to study hyperon-nucleon(Y-N) interaction

? * Binding energy, lifetime, ...

FE (o)

Mirror (hyper-)nuclei and charge symmetry breaking

« Prediction on binding energy difference: AB7(1%,.) = —ABf\(Og_S_)

 Consider A — 2° mixing Phys. Rev. Lett. 116, 122501(2016)

Hypernuclei have high production rate in heavy-ion collisions

. e . aie final detected
Relativistic Heavy-Ion Collisions particle distributions
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Methods

* Reconstruction via weak decay
* Decay channel:
*H - *He + m~
*He - 3He + A Bl e i
— p+m F\ oty
e PID with TPC and TOF

K
- *He, ®He,p and ™ are selected with »
a) dE/dx within 3 standard deviation

no. = llO (dE/dx>measured
CTRTaE ),

Ino,| <3, x= ‘He, 3He,p, ™
b) If TOF matched, B
2 0 05 1 15 2 25 3 0.5 1
3He: mz/qz = 14 ~ 25 (GeV/CZ) , p/q (GeV/C)
*He: m?/q? =2.5~ 4.5 (GeV/c?)
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Methods

* Reconstruction via weak decay

* Energy loss correction
* Particles lose energy while traversing the detector material,
* The real momentum p;.eq; # TPC raw momentum p,.q,,
* Pmea: COrTECt P)rgyy by assuming it’s a pion track (track reconstruction algorithm)

=mm) Recalibrations on 4He, 3He, p momenta with MC

m? \“
Prec — Pmea = 00+ 0|1+ 2
pmea
6y, 0, a are parameters

o “He without energy loss correction

A “He with energy loss correction
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Methods

* Reconstruction via weak decay

* Magnetic distortion correction
* The magnetic field B is designed to be 5 T
* Limited readout accuracy mp B< 5T
e Overall correction on track momentum p,... X 0.998
* The scaling factor is calibrated with A mass (A - p + ™)

A Invariant Mass [MeV/c?]
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Methods

* Reconstruction via weak decay

* Aseries of topological variables on the decay kinematics
* Decay length
 DCA(Distance of the Closest Approach)
» KFParticle package for reconstruction
* Kalman filter algorithm
* The topological variables will be assigned an error

R+,
A 3y
(virtual) // KF Particle Related helix Description
‘ variable method variable
X?mmg/_i He DCA of Helium DCA of Helium over its error
Xf,.”m,,_. DCA of n— DCA of 7= over its error
‘ X?Ldf DCA1to2 DCA bhetween 2 da_ughter particle tracks
over 1ts error
x%opo DCA VO DCA from mother particle to primary
vertex over its error
l - decay length
ldl - decay length over its error
Primary
Vertex
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Methods

* Reconstruction via weak decay
* Optimization with TMVA-BDT

TMVA overtraining check for classifier: BDT Cut efficiencies and optimal cut value
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Figure 47: Training resutls for topological features of 4H from KFParticle. Figure 48: Training resutls for overtraining (left) and BDT response (right) of f\H from KFParticle.
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Methods

* Reconstruction via weak decay
e Invariant mass distribution

« Background reconstructed by rotating *He, >He momenta with 180 degrees
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Methods

* Systematic uncertainties
* Sources:

* Energy loss correction:

* Vary the fit parameters of the correction function with + 1o
* Magnetic distortion correction:

* The difference between reconstructed A mass and PDG value
« Kinematic cuts on the reconstruction

* Vary the BDT responses

Sources of systematic uncertainties for the masses and A binding energies of
4 H and 4 He in MeV/c’.

Uncertainty source 1H A He
Momentum scaling factor 0.11 0.11
Energy loss correction 0.08 0.05
BDT response cut 0.03 0.01
Total 0.14 012

mm) M(H) = 392238 + 0.06(stat.) + 0.14(syst.) MeV/c?
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Results and Discussion

* Binding energy
* BA = Mhypernuclei = Mcore — Ma
* BA(34H(0™)) = 2.22 4 0.06(stat.) & 0.14(syst.) MeV
Bo(*He(0%)) = 2.38 + 0.13(stat.) + 0.12(syst.) MeV

« Also can calculate B, of excited states(1%), by including the y-ray transition energy from other
measurements Phys. Rev. Lett. 115, 222501 (2015)
H + A 0 SHe + A Phys. Lett. B 62, 467 (1976)
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Results and Discussion

* Binding energy difference between the mirror A=4 hypernuclei

STAR (2022)
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* Consistent with Charge Symmetry Breaking effect, but the result is not significant
* Need further study

* More data being produced(~10 times statistics)

* More efforts on y-ray transition energy measurement
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Backup

Many theoretical model calculations have failed to re-
produce the experimental results, with most of them un-
derestimating the CSB effect in both the ground and ex-
cited states [7, [19H21]. It has been proposed that A — X
mixing can account for the large CSB [22]. In 2016, the
ab initio calculation using chiral effective field theory
hyperon-nucleon potentials plus a CSB A — ¥° mixing
vertex of A = 4 hypernuclei achieved a large CSB in
both ground and excited states, and also concluded that
AB} (14.) = —ABR (0}, ) < 0 [23]. Independent experi-
ments are needed to test these calculations. More accu-
rate values of the A binding-energy splitting in ground
and excited states are needed to constrain the An inter-

action [24].

Dongsheng Li June 2023



