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YN Interactions at CLAS
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The Early Universe

e Today's Protons < Hyperons

Early Universe was Strange

o At Hadronization, ~¥s of Quarks
were strange.
o 1070 g Lifetime after Hadronization

Effects of Early cooling
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Dark energy

accelerated

expansion
Cosmic Microwave Structure

Background radiation formation
is visible

Particle Data Group, LBNL © 2015 Supported by DOE



oo
Hol/ee
Ho 88
po

eutrons 3

Energy




140

120

100 |t |

particle fraction

E [MeV]

40

20 +

1 1

M [Mo]

0.0 0.1 0.2 0.3 04 0.5
p [fm™3)

0.6

16 |

12}

08

04t

0.0

AN + ANN (1)

AN + ANN (1)

PSR J1614-2230

12 13 14 15
R [km]

Diego Lonardoni; Alessandro Lovato; Stefano Gandolfi; and Francesco Pederiva, Phys. Rev. Lett. 114,

092301



Particle Fraction
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Jefferson Lab

e 6 GeV Electron Beam
o Bremsstrahlung Photons

e 3 Experimental Halls
o (A,C) High Intensity
o (B) High Acceptance
e Typical Beam Currents
o (A) 1-150 pA
o (B)1-100 nA
o (C)1-180 pA
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e 12 GeV Electron Beam S T \; LINACSiE A=
o Bremsstrahlung Photons - F— ‘
e 4 Experimental Halls.
o (A,C) High Intensity
o (B, D) High Acceptance
e Typical Beam Currents
(A) 1-90 pA
(B) 1-100 nA
(C) 1-90 pA
(D) 0.1-5 pA
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The Experiment: CLAS

c CEBAF

e Experiment - Summer 2008 Large
Acceptance
Spectrometer

e Bremsstrahlung Photon Beam
o E_~6GeV

e Liquid Hydrogen Target
o 40 cm long, 2 cm radius

e 26 Billion Total Events

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter

o ~4'|'[ Acceptance EC: Electromagnetic Calorimeter
NIM A, 898, (2018), 90-97
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Cross section (mb)
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Haidenbauer & MeiBner -
YN interaction(xEFT)

ADb initio 2p cross
sections, p < 700MeV/c
Data p > 700MeV/c
Constrain phenomenology
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2 p Scattering
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Detect

1 ) Detect

Infer from
missing mass 15



Selection Criteria: Detect

Final State K*n*np m

T[+
/ e
MM(K*rntnp) within 30 of Neutron
MM(K*ntp) within 30 of 5 Lk Ealy ,
o Or MM(K*np) within 30 of =* )
Cuts on IM(nt*r), and IM(mtp), T B
reduce K° and A° background

Infer from
missing mass 16



Example Momentum Bin
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Momentum Dependent Cross Section of Scattering
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Momentum Dependent Cross Section of Scattering
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Cross Section Ratios of Scattering
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CLAS -> CLAS12

Where we stand

e Interesting Structure
around x(1385)p threshold
e Consistent with diagrams

such as:
X )

(1385)
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Moving to CLAS12

e \ery high stats
Deuterium Target:

@)

©)
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In medium modifications
Simplest nuclear medium
Analogous channel in a
much smaller target
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Y Quasi-Real Photoproduction
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Three running periods
o Total of 54 Days, in 2019/20

Electron Beam (Ee~ 10.6 GeV)
o 35-50 nA Beam Current

Liquid Deuterium Target
o 5cmlong, 1.25 cm radius

~4m Acceptance

I o —

42.5 Billion Total Events NIM A, 163419.
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Calorimeter

Scintillation
Counter

Tracker

NIM A, 163475.
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CLAS
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CLAS CLAS12
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CLAS CLAS12

£(1385)
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Reaction

e High proton momentum, p > 500 MeV/c
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Detect

Some

Reaction

Infer from
missing mass

e High proton momentum, p > 500 MeV/c 29



Detect

e MM(e~d - e’K*pX)
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e High proton momentum, p > 500 MeV/c 30



Detect

Some
Reaction
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Infer from
missing mass

High proton momentum, p > 500 MeV/c

weighted counts
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weighted counts
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Reaction t-dependance
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Uncorrected Yields vs MM(e'K")
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Uncorrected Yields vs MM(e'K")

T

Detect £ 18000 1
- >

€ 8 16000 i :;
2 12
@ 14000 I%
> g
B 12000 12

5 I

Some 5 10000 I

. Q |

Reaction S 8000 ,

1

6000

4000
d 2000
Infer from
missing mass

S
VS o

N
N
N
'S
N
[o)]
N
©
w

|‘+~_@—|—1‘——’—r—{H P .32

MM(e'K") [GeV]

35



e 2'pand X*p Scattering
o High Precision
e Reconstructed >~ Produced off Deuteron
e Next Steps:
o Yield Extraction
o Characterising production mechanism
o Resonances in the Deuteron
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Summary & Conclusion
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Hyperons play key roles in Cosmology and Astrophysics.
The YN Interaction

At CLAS and CLAS12 we can explore these interactions.
Y'p & X'p Scattering Cross Sections — Coupled Channel
Effects?

Y*p/Xp Scattering cross section ratios, High
Sensitivity to physics

2(1385) Produced in Medium?
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Thank you for listening, any Questions?



