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* Motivation

 Thomas Jefferson Laboratory
 The CEBAF Large Acceptance Spectrometer

* The Hyperon-Nucleon Interaction via exclusive photoproduction
reactions
* Recent Results on Ap
* Upcoming Results on 2p and Ad
* Polarisation observables

 Summary and Outlook
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Why study the Hyperon Nucleon Interaction?

* The understanding of both nucleon-nucleon and Hyperon-nucleon
potential is necessary in order to have a comprehensive picture of the
strong interaction

* Understand composition of neutron stars
* Understand hypernuclear structure and hyperon matter

* Extend NN to a more unified picture of the baryon-baryon interaction
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The Hyperon Puzzle

 Hyperons are expected to appear
inthecoreof NSatp~2-3p,

* Hyperons soften the EoS =
Reduction on maximum NS mass

. . . . —— PNM
* Observation of NS with Ms>2M. is S/ SN
. . . 0.5
incompatible with such soft EoS = NA +NNA (D
Hyperon Puzzle N L L L L L |
R [km]
HyperOn PUZZIE: POSSIble SOIUthnS D. Lonardoni, Phys. Rev. Lett. 114, 092301 (2015)
YY and YN forces J. Haidenbauer et al., Eur. Phys. J. A53, 121 (2017)

l. Vidana, Proc. R. Soc. A 474, 20180145 (2018)

YNN and YYN three body forces
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The Hyperon Puzzle

YN interaction is poorly constrained

* Total of <1300 observed Ap =2 A p: Difficulties associated with performing high-
precision scattering experiments with hyperon beams

* Large uncertainties in the scattering lengths
a(*Sy) = —0.7 — —2.6 fm

a(*S1) = —1.7 — —2.15 fm

Experimental data are needed to place constraints on the interaction

 Complementary approaches
* Hypernuclear studies

 Final state interactions and two step processes
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Exclusive photoproduction reactions

Two-step process where Hyperon rescatters with
secondary nucleon

Kaon identification allows tagging of hyperon
beam

4t detector allows full reconstruction of the event
Hydrogen and deuterium targets

Cross sections Polarization observables
* A\p * An
* 2P * 2P
B e Ad  Ad
p " * Ap
h = 2.6 x 10710 s Cross section approach benchmarked using pp scattering

BR(pm™) = 63.9%
ctp = (.89 cm ) $
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Thomas Jefferson Laboratory

6-GeV era: 1995-2012

* C.W. electron beam: 2-ns wide bunch
period, 0.2-ps bunch length

* Polarized Source: Pe ~ 86%

* Beam energiesup to E; =6 GeV

Beam Current up to 200 pA
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Hall-B: The CLAS detector and Tagger facility
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Improved Ap Elastic Scattering Cross Sections

https://doi.org/10.1103/PhysRevlLett.127.272303

L1}

K+ p

Joey Rowley, Ken Hicks - OU

Target
»Y - 250:_ (a) — Peak
- ---- Sideband
200
@€ N
P S 150F
(o) N
(&) B
x10° : : 400¢ : : 100
i asof- (0 : N
250; 300; :
200F i) 250% 50—_
150: = 2005 : SR B ot
: 8 150; 0 -1-.“1 "l: N IS S R R N T S TR A R ;-" - i
100: . . 100k 0.8 0.9 1 1.1 1.2 1.3
sof 50} 4 . MM (X p — A p) [GeV/c?]
03~ "F705 741 iA15 12 1i25 113 B2 03 04 05 06 07 o8
M (pr) [GeV/S] MM (y p, XA) [GeV/cM2]

Nick Zachariou — CLAS Collaboration 9



HYP2022 - Prague

Improved Ap Elastic Scattering Cross Sections

https://doi.org/10.1103/PhysRevlLett.127.272303

T

K+ P

Target

pl

Cross section determination challenging
* Detector acceptance

* Detector efficiency

 Hyperon beam luminosity

Order of magnitude higher statistics

O'(pA) — Y(pA)
A(pa) X L(pp) xT
NA X pr X [
L(pp) = MT Na(pa)
N, do = Mx—%
E_y:d_g(zn)[Acos(e)] P(x) = exp [_; T ]

L: Path length determined from realistic simulations,
accounting for beam size and kinematic dependence
of the photoproduction cross section, as well as the
decay length of hyperons
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Improved Ap Elastic Scattering Cross Sections

https://doi.org/10.1103/PhysRevlLett.127.272303

* Background contribution

*Yp2 pmiTT
* yp=2 K*2° (Ay)

* p(A)p =2 pp

40

counts
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= (b)
C 1.3-1.4 GeV/¢

MM (X p — A p) [GeV/c?]
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Improved Ap Elastic Scattering Cross Sections

https://doi.org/10.1103/PhysRevlLett.127.272303
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J. Haidenbauer and U.-G. MeiRner, Phys. Rev. C 72, 044005 (2005)
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Approach confirmation via pp scattering
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2p Elastic Scattering Cross Sections

Liquid Hydrogen

Approach identical to Ap channel

Recent results from JPARC Phys. Rev. C 104, 045204

Extend momentum range

Differential cross sections of =p scattering

recoil
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ANN Elastic Scattering Cross Section via Ad
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Polarisation observables in Hyperon

Photoproduction

d
d_; =00{1 — Pjin> cos2¢ + acos O,(—Pin0, sin2¢ — PeircCy)

—acosBy(—P, + PynT cos2¢) — acos,(Pin0.sin2¢ + P.i.C)}

Beam Polarisation
Linearly polarized
Circularly polarized

A\ Recoil Polarisation
Self-analysing power

a=0.75
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PO | a ri S ati O n O bS e rva b ‘ es /\ n K. Miyagawa et al., Phys. Rev. C 74, 034002 (2006)

do | (dpy d dQ,) [nb ¢ [(MeV sr)]

 Existing YN models allow the calculation of !
single and double polarization observables llo‘fj
* Two YN potentials (NSC97F and NSC89) give the "o
correct hypetrition binding energy os)

 NSC97F and NSC89 |lead to very different
predictions of polarisation observables at some
kinematics

0, (deg)
H(y.K*A)n
P =870 MeV /¢
0 =17 deg
NSC97f
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02l z

0‘1 |||||||||
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Polarisation Observables 2p

Extracted
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Results extrapolated to zero missing-momentum agree with QF

study

Large dilutions at higher missing momenta due to FSI

Relative dilutions can be attributed to the various FSI contributions

Different reaction mechanisms cause unique combinations of
zK(px)l ZA(px)f and zp(px)

Nick Zachariou — CLAS Collaboration
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forward calorimeter

barrel time-of

start calorimeter -flight

Coming up!!!

target
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Summary and outlook

* Exclusive hyperon photoproduction provides us with tools to study the
Hyperon-Nucleon interaction

* Access to both cross section and polarization observables

* First results on Ap elastic scattering published last year

* Ongoing efforts to establish 2p cross section

* Ongoing efforts to establish Ad cross section = access three body forces
* Polarisation observables provide additional constraints

» KLF facility to open door for doubly strange hyperon interactions with
nucleons.

* Exciting results in the pipeline!!!
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Cross section (mb)

What is available?

Best way to obtain information is through YN>YN

T
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Plots from PDG 2018

Total of <1300 observed Ap 2 A p

A source Detector DA Nap—np
np— AK° LH, BC 0.5-1.0 4
np— AK° LH, BC 0.4-1.0 14
K N - An Propane BC 0.3-1.5 26
KN - Ar Freon BC 0.5-1.2 86
K A —- AX Heavy Liquid BC 0.15-0.4 11
K p— AX LH; BC 0.12-0.4 75

nA — AX Propane BC 0.9-4.7 12
K p— AX LH; BC 1.0-5.0 68
K p— AX LH; BC 0.1-0.3 378
K p— AX LH; BC 0.1-0.3 224
K Pt - AX LH; BC 0.3-1.5 175
pPt —» AX LH, BC 1.0-17.0 109
pCu - AX LH; BC 0.5-24.0 71

Difficulties performing high-precision scattering
experiments with short-lived beams
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Complimentary approaches: Hypernuclear studies have uncertainties
Nick Zaggageycigted-Witkra¥redium modification as well as many-body effécts
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Polarisation Observables

Different reaction mechanisms cause unique combinations of
Quasi-free m-mediated
ZK(px)z Z/\(px); and Zn(px)

2det _ (NFSI

) determined from generated data
2QF N

/\n rescattering

7 Kt
p B
n n

) from comparison with lookup tables

* Kinematic footprint of each mechanism into lookup tables

(NFSI
T

EClet :
e Extract —— (p.) from data and determine
2QF

ML techniques that provides us with kinematic dependence of FSI-to-total ratios of each
mechanism

Polarisation observable provides us with means to study YN reducing model dependent

Nick Zachariou — CLAS Cpllaboration
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