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Motivation : Refining our Picture of the Deuteron FIU
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Deuteron Experiment Details FIU
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Deuteron Experiment Details

» Ran from Feb 24th, 2023 until March 20th, 2023

» Took hydrogen elastic H(e,e'p) data, in a wide

range of delta settings.

5 SHMS SHMS HMS HMS
%] momentum angle momentum angle
[GeV] [°] [GeV] M
e 14.15 3.499 33.34
-4 12.94 3.145 3976
0 g5r 1171 2703 38.55
+4 10.44 24177 41.82
+8 9.13 2.048 45.6'7
+12 7.770 1.664 50.50

» D(e,e'p)n production had 4 missing momentum

settings chosen to cover much of the area of

Interest.

» Also took luminosity data for target boiling studies.

H(e,e'p) 0 scan D(e,e'p)n Production

Missing SHMS SHMS HMS HMS
momentum | momentum | angle | momentum | angle
[MeV] [GeV] [°] [GeV] [°]
120 3.092 38.63
080 2.262 04.96

-8.99 122
800 2121 09.39
900 2.047 61.34

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026

16




D(e,e'p)n Data Cross Section

How do we extract the data cross section?

Yuncorr - f rad
Ehtrk “|Cptrk| €tLT|" €tgtBoil " |€pT'r

Ycorfr' —

The yield is corrected by:
JRadiative correction factor (from SIMC)

ASHMS tracking efficiency
dTotal EDTM Live Time
dTarget Boiling factor
JProton Transmission factor

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026 17



D(e,e'p)n Data Cross Section

How do we extract the data cross section?

1% - Yuncorr * f rad
corr —

Chtrk " Eptrk " ©LT * €tgtBoil * €pT'r
d°c B Yeorr

The corrected yield is then divided by:
d Luminosity

d Phase Space Volume
The phase space is simulated by SIMC
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The yield is corrected by:

U Radiative correction
factor (from SIMC)

U HMS tracking efficiency

U SHMS tracking efficiency

d Total EDTM Live Time

U Target Boiling factor

U Proton Transmission
factor
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L.
From Cross Sections to Momentum Distributions FIU

Ao
Oexp = / — K’frec'JeN'S(pi)
dE dQede Only in the PWIA
0-6-’13']9 Thisyis equivalent to

Ored =

K . f O our experimental
rec e/N momentum

distributions
In the PWIA the cross section can be factorized into:

QKinematic factor £ = Efpf
dBinding energy factor

dSpectral Function
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Preliminary
Results



Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0,,, = 35 £ 5 deg

101+ 10 . : ; [ .
— == MS CD-Bonn PWIA === MS CD-Bonn PWIA
0 — MS CD-Bonn FSI = MS CD-Bonn FSI
107 B Hall A Data B Hall A Data
8_
1071 <
10-2 P
= :
& 10-3 E
3 =
S 1074 Z
© @)
_5 I
10 o
1079
1077
0.0 0.2 0.4 0.6 0.8 1.0 1.9 00 02 04 06 08 10 12
Pr (Ge\//c) Dr (GeV/C)

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026 21



Preliminary D(e,e'p)n Momentum Distributions FI“

Reduced Cross Section, 0,,, = 35 £ 5 deg

1014 10 . ; : [ :
— == MS CD-Bonn PWIA === MS CD-Bonn PWIA
0 — MS CD-Bonn FSI — MS CD-Bonn FSI
107 B Hall A Data I Hall A Data
@ Hall C 2017 Data, St L Hall C (2017) Data -
101 <
102 E
o :
S 10— o8
= 107° A
3 E
=~ _4 8
b 10 i
_5 I
10 o
1076
10°7
0.0 0.2 0.4 0.6 0.8 1.0 1.9 00 02 04 06 08 10 12
Pr (Ge\//c) Dr (Ge\//c)

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026 22



Preliminary D(e,e'p)n Momentum Distributions

Reduced Cross Section, 60,,, = 35 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions

Reduced Cross Section, 0,,, = 35 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0,,, = 45 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions
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Preliminary D(e,e'p)n Momentum Distributions

Reduced Cross Section, 0,, = 45 & 5 deg
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Preliminary D(e,e'p)n Momentum Distributions

Reduced Cross Section, 0, = 45 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0,, = 75 £ 5 deg

10" 5

~—- MS CD-Bonn PWIA 12 TS DB DWIA
—_——N -Bonn PW
. —— MS CD-Bonn FSI —— MS CD-Bomn FSI
100+ 8 Hall A Data Tl B Hall A Data
. 5
0 =8
AN ] é
VDE . g
—9 | 8¢
= 1077 o 6
T ki
© 1073+ 5
] |
_ A
1074
1074 I | , . . . ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2

0.0 0.2 0.4 0.6 0.8 1.0 1.9
pr (GeV/c)

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026 29

pr (GeV/e)



Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0, = 75 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0,,, = 75 £ 5 deg
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Preliminary D(e,e'p)n Momentum Distributions FIL“

Reduced Cross Section, 0,, = 75 £ 5 deg

JML Paris PWIA 12 JI\IL Pari P\I’V IA

. —_—— \Y aris y
JML Paris FSI JML Pais FSI
MS AV18 PWIA - MS AV18 PWIA
MS AV18 FSI MS AV18 FSI
MS CD-Bonn PWIA = MS CD-Bonn PWIA
MS CD-Bonn FSI MS €D-Bonn FSI
i maanee
Hall C 2017 Data all € (2017) Data

New Data (Preliminary)

New Data (Preliminary)

]
Ored (fm )
Orod / O-Eé%Bonn PWIA

R:

)—l
-
&
/
/

0.8 1.0 1.9

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Deuteron Breakup - Gema Villegas - JLUO Annual Meeting - 25 June 2026 32



Why the discrepancy? Probing the NN Repulsive Core FIL“

Reduced Cross Section, 0,,, = 35 £ 5 deg Virtual Nucleon Approximation
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10°4 AA - np ——- MS AV18 PWIA 2010)
5 expected ~ | —— MS AVIS FSI
10~1 >800 MeV/c| === MS CD-Bonn PWIA
—— MS CD-Bonn FSI * only pn — Pn transitions
102 Hall A Data (non-nucleonic part excluded)
a0 Hall C 2017 Data
é 1073 New Data (Preliminary) e dynamicsof "N and FSI (GEA) are
= relativistic
S 1074y —
? ]El )ct aactgs:r; e d > NN (vacuum fluctuations)
_5 ] uctuati . — wNR .
10773 are not small : neglected; g = g™ X fCZ?,,lT
1 above 700 ! =y (at P, <700 MeV/c vac. fluct. are
10—6.% MeV/c (3) What do i expected to be small)
10_7_; FSI look i §\_
: like? : ' M. Sargsian (2009).

0.0 0.2 04 06 0.8 10 12 10.1103/PhysRevC.82.014612
pr (GeV/e)
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https://doi.org/10.1103/PhysRevC.82.014612

New proposed measurement
6

will address the following:

1N

» Check reliability of FSI

calculations above neutron

UFSI/UPWUA
w

recoil momentum of 500 MeV/c 2
» Disentangle FSI + Relativistic + 1
Non Nucleonic effects 0
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W. Boeglin & M. Sargsian (2015). 10.1142/5S0218301315300039

i

Pmiss = 0.5
——  DPmiss — 0.4 (7
o= e |
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Deuteron FSI Studies (PR12-25-003)

FIU

Proposed Measurement
1h~::520:i:20.A16LQQ3

2

10
SIMC projections (Paris, UI\/II_)

(expected statistical errorﬁ)

@ )Yecro et al
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SFSI
~PWTA

Plots courtesy of Carlos Yero

Calculations:
S. Jeschonnek (2008). 10.1103/PhysRevC.78 014007
M. Sargsian (2010). 10.1103/PhysRevC.82 014612
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Summary FILU

» The latest instance of the deuteron break-up experiment ran
successfully in 2023
» Analysis shows so far that the data agrees well with previous data,

still showing the discrepancy between theoretical models around
700 MeV/c

» Possible reasons for the discrepancy are:
o Non-nucleonic components not negligible
o Vacuum fluctuations
o FSI not well understood

» o address the FS| question a new experiment was proposed
(PR12-25-003)
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D(e,e'p)n Data Cross Section

How do we extract the data cross section?

Work in 2026:

» The HMS and SHMS tracking efficiencies were on average 0.983

» The average live time was 0.970

» Target Boiling and Proton Transmission/Absorption Studies were done at
the beginning 2026

» The target boiling for LD2 was 4.85% per 100 muA

» The proton absorption studies were done 3 ways: via spreadsheet
(6.19%), Geant4 simulation (available on github) (6.029 £ 0.01 %), and
data (4.7 £ 1.1 %)
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https://github.com/gpvillegas/hmsPA

Event Selection Cuts FI“

» Acceptance cuts: e SHrs det () s
o HMS momentum acceptance:  «» | '
-68) -
o SHMS momentum acceptance ==
(-7,22)
o HMS collimator cut (| ———— . i
» SHMS Calorimeter PID com T Pomoe s
» Coincidence time cut s i
» Current Cut )
» No EDTM Cut SR o | .
» /-tar difference Cut o
» Kinematic cuts: s | | |
o Missing energy: (-0.05,0.05) 7| = =& "’ JL | i
O Q2: ( 4'5) T D 15 000 035 o050 075 100 15 130 175 200
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Event Selection Cuts FIL“

» Acceptance cuts: o
o HMS momentum acceptance: ™ : |
(-8.8) o |
o SHMS momentum acceptance:
(-722) o | | 1
o HMS collimator cut : i | NN B -

> SHMS Calorimeter PID oo 5 % % W ¥ % W

EDTM TDC Signal

» Coincidence time cut oo [ Sl S i SR
» Current Cut ‘
» No EDTM Cut
» 7-tar difference Cut
» Kinematic cuts: ,
o Missing energy: (-0.05,0.05) i ol |

O Q2: (4,5) 00 02 04 06 08 10 % I 5 : I ; T
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Event Selection Cuts

» Acceptance cuts:

o HMS momentum acceptance:

(-8.8)

o SHMS momentum acceptance:

o HMS collimator cut ] | ]
» SHMS Calorimeter PID
» Coincidence time cut
» Current Cut
» No EDTM Cut
> /-tar difference Cut 1
» Kinematic cuts:

o Missing energy: (-0.05,0.05)

o Q%: (45)

7000 A

35000 A

30000 A

25000 A

20000 A

15000 A

10000 A

5000 A
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  p n → p n


   𝛾 ∗ N


  d → N  N ¯


   Ψ d =  Ψ d  NR ×  f  c o r r  r e l .


   p r


  Δ Δ → n p

