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Motivation: Deuteron Break-up Experiment

-Effective tools for exploring nuclear structure
and determining cross sections

Ideal system to study Nucleon-Nucleon
(NN) potential.

-Study Deuteron at short ranges (< 1fm).
-Extract D(e,e’p)n cross-section beyond

500 MeV/c Recoil momentum at high
four momentum transfer (Q32)
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D(eep)n Kinematics

Experimental Hall C

Trigger:
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Trigger:
3/4 scintillator planes

Feynman Diagram of D(e,e’p)n Interaction
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D(eep)n Interactions
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D(eep)n Interactions
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D(eep)n Interactions
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Long Range

d5
dwd Qe dS,

(arb. units)

Previous EXperiments

104 i | | | |
-5 i

10 Q©  MAMI (1998) '
------ PWIA

1061l ® 0 PWBA i
-+memems FSI -
........ FSI + MEC

107 | FSI + MEC + IC i
------ FSI+MEC +IC +R -

10° |

107 |

10710 i

1011 _

10'12 | | 1 1 1 A

0 200 400 600 800 1000
pr [MeV /c]
MENU 20206

22 October 2026

Blomqvist, Boeglin et al., PLB 424 33 (1998)



Pramila Pokhrel

Long Range

(arb. units)

dwd(2.d(),

Previous EXperiments

10°® -

107 |

10712 *

I | |

©  MAMI (1998)
PWIA

- FSI

FSI + MEC

FSI + MEC + IC
FSI+ MEC +1C +R

MENU 2026

200
Dr

400 600 800

MeV /c]

1000

Blomqvist, Boeglin et al., PLB 424 33 (1998)

22 October 2026



Pramila Pokhrel

Long Range

(arb. units)

dwd(2.d(),

Previous EXperiments

10 |

107 §

I |

MAMI (1998)
PWIA

- FSI

FSI + MEC

FSI + MEC + IC
FSI + MEC + IC +R

MENU 2026

200
Dr

400

600

800

MeV /c]

1000

Short Range

Blomqvist, Boeglin et al., PLB 424 33 (1998)

22 October 2026



Hall B (CLAS) EXP Hall C Exp
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D(eep)n Experiment Kinematics

e,

- v, virtual photon

credit. Yero Thesis
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e The data acquisition period: February 24 -
March 20, 2023
® Dedicated H(e,e'p) runs were conducted to map
the large delta (8) acceptance region

Experimental Timeline

SHMS HMS HMS SHMS SHMS angle
Delta Momentum angle Momentum [°]
[GeV/c] &l [GeV/c]

-8 3.499 33.344 8.55 14.153

- 3.145 35.750 8.55 12.940

0 2.783 38.549 8.55 11.705

+4 2.417 41.812 8.55 10.435

+8 2.048 45.667 8.55 9.125
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¢ D(e,e'p)n runs: four missing-momentum settings
® Purpose: to cover a wide kinematic region of

interest
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D(eep)n Cross-sections

y B Y uncorr fmd
DATA —
Q - €irk * €t * €pabs * CiLT

Where,

o Radiative Correction Factor

o Charge Normalization

o Target Boiling Correction
o Proton Absorption

o Total LiveTime Correction
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Data to D(eep)n Cross-sSections

dSUh B
heory . S(P | Em)

Ooxp ~ Otheory — K - OcN “Jrec D,i°

O =0, K —-—— Ly
theory exp AE' . dQe . de P

Gexp

c..,=———=5(p) ~p, (P,
ed = K o (P) = p(P)

>The reduced cross-section in PWIA is expressed in terms of :
> K: the Kinematic factor

>0, : the cross-section of the electron scattering of a bound nucleon
>/ . :therecoil factor
>5(p.) : the Spectral function
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Preliminary Cross-section

Results
02=3.5 + 0.5 GeV*
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Discrepancy in the Data and the Models
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Discrepancy in the Data and the Models
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-Hall C experiment reproduces results from previous Hall A.

At pp, > 0.3 GeV/c (For 0, - 75), a bump indicates FSI.

 Data is best reproduced by CD-Bonn up to 700MeV/c, above 700MeV/c no calculation
describes the data (an= 35,45)

- No data trend produce the data above 750 MeV/c.
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. The peak of the reduced cross-section moves to lower neutron recoil angle (6, q) with higher missing momentum.

. Existing experimental data provide limited coverage neutron recoil angle (€, q) at high missing momentum.

- The recently approved Experiment (PR 12-26-009) , FSI Studies at the Nuclear core aims to investigate this
intriguing behavior and improve our understanding of FSI at high Pm.
18
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SUMMARY

>The most recent deuteron electro-disintegration experiment was successfully conducted in
2023.

>Preliminary analysis indicates good agreement with previous experimental results, while a
significant discrepancy with theoretical predictions persists around a missing momentum of
700 MeV/c.

>Possible reasons for the theory-data discrepancy :

o Contributions from non-nucleonic degree of freedom at very short distances
o Relativistic effects not fully accounted for in conventional deuteron models
o FSI not well understood at very high missing momentum

> To further investigate the role of FSI and resolve these discrepancies, a new experiment,
PR12-25-003, has been proposed and approved.

19
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BACKUP SLIDES
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HMS S1X Rate (kHz)

HMS S1X Rate vs BCM 4A Current (by PM Setting)
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Live Time vs Run Number (All Runs)
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HMS Tracking Efficiency vs Run Number
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SHMS Tracking Efficiency

SHMS Tracking Efficiency vs Run Number
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Reduced cross section, 6, =35%5°
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Reduced cross section, 6, =45%5°
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