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SCOPE OF THIS TALK

| will talk about exclusive ¢ as our window on the
strange quark contribution to the proton
gravitational form factors

—This requires , large skewness ¢, and thus
relatively small W

*The kinematic window sensitive to GFFs is narrow
and the cross sections there are extremely smali

—Perfect driver for high luminosity upgrades!
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MECHANICAL PROPERTIES

» The total D-term provides a gateway

for extraction of various mechanical P0) = G " e D)
properties of the proton, including: B D) = [ Gy <47 DY)
10k Repulsive

— Shear force distribution
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HOW DO WE ACCESS THE D-TERM?

» Can access GFFs via the second Mellin
moments of the generalized parton
distributions (GPDs)
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In certain regions, hard exclusive /0\ ~
(P) N(P)  N(P)

reaction cross sections reduce to
simple functions of the GFFs!
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Deeply Virtual
Compton Scattering

Graviton exchange =

S s, DEPARTMENT  Argonne Nation [1] - Polyakov: Generalized parton distributions and strong forces inside nucleons and nuclei, PLB, 2003
o) ofENERGY et o [2] - Polyakov, Schweitzer: Forces inside hadrons: pressure, surface tension, mechanical radius, and all that, /nt.J.Mod.Phys.A, 2018




HOW DO WE ACCESS THE D-TERM?

The total D-term arises from its partonic contributions via a sum rule:

Total D-term Partonic D-term contributions
A

'BEE)\ :'Dg(()) + D, (0) + D4(0) + Ds(0) + . .. .

Different exclusive processes access the
contributions of different parton species

to the total proton D-term!
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Up & Down quarks:
Accessible via DVCS cross section &
beam-spin asymmetries

A
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Dy(0) + Dy (0) + Da(0) + Dy(0) + ...

The pressure distribution inside the proton

V. D. Burkert ™, L. Elouadrhiri & F. X. Girod
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Gluons;
Accessible via near-threshold
production of J/y and Y
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D(0) = D,(0) + Dy (0) + Dy(0) + Ds(0) + ... .
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Determining the Proton’s Gluonic Gravitational Form
Factors

B. Duran?!, Z.-E. Meziani!-***, S. Joosten!, M. K. Jones?, S. Prasad!, C. Peng’,

W. Armstrong’, H. Atac?, E. Chudakov?, H. Bhatt’, D. Bhetuwal’, M. Boer!!,

A. Camsonne?, J.-P. Chen?, M. M. Dalton?, N. Deokar’, M. Diefenthaler?, J. Dunne’,

L. El Fassi®, E. Fuchey®, H. Gao*, D. Gaskell2, O. Hansen?2, F. Hauenstein®,

D. Higinbotham?, S. Jia3, A. Karki’, C. Keppel?, P. King’, H.S. Ko'?, X. Li*, R. Li®,
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P. E. Reimer!, S. Riordan!, B. Sawatzky?, A. Smith*, N. Sparveris?, H. Szumila-Vance?,
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D(0) = D,(0) + Dy(0) + Dyg(0) + Dy (0) + .. ..

)

Y
Strange quarks:

Can we just
neglect them...?

managed by UChicago Argonne, LLC. . Ognionat LasoraTory



THEORY PREDICTIONS
= Large-N, theory predicts that the D-term is “flavor-blind"!]

— i.e. Dy, ~ D4 despite their different number densities, this is supported by lattice results[?
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could D,~Dy4~D_? osf T 2 7T
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= Chiral quark soliton modell®! — Total k
ST - - 2.0} m— y-quark |
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[1] - Goeke et al.: Hard exclusive reactions and the structure of hadrons, Prog.Part.Nucl.Phys, 2001

[2] - Hackett et al.: Gravitational form factors of the proton from lattice QCD, PRL, 2024
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Variety of theory predictions giving very different
values for D, can we extract it experimentally?




ACCESSING THE STRANGE QUARK
CONTRIBUTION TO THE PROTON D-TERM

€ e’
= Electroproduction of ¢ mesons at
large & provides sensitivity to the
strangeness D-terml'2l

— ¢ meson is very nearly a pure ss state
— Couples strongly to strangeness in the proton
— Only known process to access D

But never measured in the
required kinematic region!

[1] — Hatta, Strikman: ¢p-meson lepto-production near threshold and the strangeness D-term, PLB, 2021
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THEORY PREDICTIONS

NLO GPD calculation for ¢ DVMP cross section now availablel'l!

d;’tL _ (W2 iﬂ]\;;;lwpcm ((1 . 62)|IH|2 . (4]\1;2 +§2) |5|2 . 2€2R€(Hg*)>
DVMP amplitudes H, € have direct dependence on
partonic D-term contributions for large ¢!

2% 15 : 131 2
" {as(,u) + O‘ZST“) (25 7309 — 2nf + ( = %) In %)} (Aq(t, 1) + 2D (t, 1))

§2
3 o 13.8682 1Q2 A 2D
T3 as—l—% BT nu (Ag +&°Dy)

/

Large cancellation for D! While D. contributes directly!
Ag ~ 0.4, Dg ~ —2

[1] — Hatta, HK, et al.: Deeply virtual ¢-meson production near threshold, PTEP, 2025

H(Et) ~




» Challenging kinematic
constraints to access D,
experimentally
—&=>04
—[t] « Q2
— Not too close to the threshold

W =1.96 GeV

» Cross section < Q9!

= Need to measure in fine bins of
kinematic variables

— Ideally not |t — t,;,;;,| due to rapid
change of t,,;;, near threshold

» Requires high luminosity and
precise kinematic
reconstruction!

KINEMATICS
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¢$-007 EXPERIMENT IN HALL C e s

So we designed
an experiment in

Hall C to do it!
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¢-007 EXPERI M ENT IN HALL C Spokespersons: H. Klest, S. Joosten,

H. Szumila-Vance, W. B. Li

=75 uA 10.6 GeV beam, 10 cm LH, target ¢-007 Experiment approved at

= Measure proton in HMS, electron in SHMS PACS53 with A rating!
_ SHMS: 6,, = 13°, p,, = 6.7 GeV Passed ERR in Feb.

— HAMS: 6, =32% pp = 11GeV 2.34Gevz W~225GeV [t| ~0.95 GeV?
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EXPERIMENTAL MEASUREMENT - ¢-007

= Measure e + p - e’ + p' + ¢ via H(e,e’p) missing mass technique
= Large and irreducible continuum background frome + p - e’ + p' + X!
— However, missing mass resolution of

1e3
i 300
the Hall C spectrometers is good — PYTHIA Background
enough to fit + subtract background Lager ¢ Signal ﬂ
. . 2501 —— Accidental Back d
with the data itself ceidental Backaroun
o — Sum
|
% 200 -
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Sideband Fi ® Background-Subtracted ¢ Peak <t
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. = ¢
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,, 20000 o " S n
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140001 o 88 [ 828 < |t] < 0.870 GeV? 0 §$ t $%+%T%
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CROSS SECTION PROJECTIONS - ¢-007

Linear scale _ _
» Experimental uncertainty from
" D,(0) =025 ,
D0) = these sources:
s

12 — Ds( ) — 0 25 Source Binl Bin2 Bin3 Bin4 Bin5 Bin6

D.(0)= —0.5 Signal Extraction 14.0% 13.6% 14.9% 13.6% 13.3% 15.1%

S - ) Radiative Correction 4.0% 4.0% 4.0% 4.0% 4.0% 4.0%

~ § Projected Data Background Modeling 4.0% 4.0% 4.0% 4.0% 4.0% 4.0%

> 10 L . Tracking Efficiency 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%

()] Normalization Uncertalnty Rescattering Correction  2.0%  2.0% 2.0% 2.0% 20% 2.0%

©) Other Systematics 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%

B Total Point-to-point  15.6% 15.2% 16.4% 15.2% 14.9% 16.6%

5 Acceptance Correction 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%

y Value of R 3.8% 3.8% 3.8% 3.8% 3.8% 3.8%

E Total Normalization 4.8% 4.8% 48% 4.8% 4.8% 4.8%
<
1
o)

U -
Data are precise enough to
distinguish between the
different predictions for D!
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CROSS SECTION PROJECTIONS - ¢-007

Linear scale
» Experimental yncertainty from
14 Ds(0) =0.25
3 Bin4 Bin5 Bin 6
12 -f ¢ 007 % 13.6% 13.3% 15.1%
- 4.0% 4.0% 4.0%
< 10 Hope to have a short run O o
[0 20%  2.0%  2.0%
) hedU“ng 30% 3.0%  3.0%
B | . d‘n SC L 15.2%  14.9% 16.6%
£ ° ‘n FY27’ pen g 30% 30% 3.0%
g 0 3.8% 3.8% 3.8%
g 6 - 4.370 4.8% 4.8% 4.8% 4.8% 4.8%
S~
S)
© 4'\\\ Data are precise enough to
, e e distinguish between the
e different predictions for D!
0
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CROSS SECTION PROJECTIONS - ¢-007

» Experimental uncertainty from Signal + Background
* Sideband Fit
these Sou rceS- 24000 1 & Signal+Background
Source Binl Bin2 Bin3 Bin4 Bin5 Bin6 220001 | True @ Yield = 7044 °
.
Signal Extraction 14.0% 13.6% 14.9% 13.6% 13.3% 15.1% o ]
Radiative Correction 4.0%  4.0% 4.0%  4.0%  4.0%  4.0% 200907 o
Background Modeling 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% § «®®
Tracking Efficiency 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% O 18000 1 L
Rescattering Correction 2.0%  2.0% 2.0% 20% 2.0% 2.0% b
Other Systematics 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 16000 1 ° ¢
Total Point-to-point  15.6% 152% 16.4% 15.2% 14.9% 16.6% 14000 »
; ®® 10.828<|t|<0.870GeV?
Acceptance Correction 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% o | ‘ :
Value of R!! 3.8% 3.8% 3.8% 3.8% 3.8% 3.8% 12000 T . T T
0.98 1.00 1.02 1.04 1.06
Total Normalization 4.8% 4.8% 4.8% 4.8% 48% 4.8% M, (GeV)

¢-007 uncertainty dominated by signal extraction!
— To improve precision, measure the ¢!

Also need to model g;, no L/T separation
— To L/T separate, measure the ¢!

Next steps are clear! Argonne &




WHAT CAN WE LEARN FROM ¢-0077?

Using our expected resolution on D,(0) and the functional form measured on the
lattice, can project uncertainties for the strangeness shear force distribution

First ever extraction! Terra incognita...

4 I
51| Dy(0) Value | 0.25 | 0.0 | -0.25 | -0.5

r2s(r) (10=2 GeV/fm)

D.(0) =0.25 D<(0) =0.0 D.(0) = —0.25 D.(0)= —-0.5
05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0
r[fm] r [fm] r [fm] r[fm]
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WHAT CAN WE LEARN FROM ¢-007?

D.(0) =0.25 D<(0) =0.0 D.(0) = —0.25 D.(0)= —-0.5
05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0
r[fm] r [fm] r [fm] r[fm]
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EXCLUSIVE ¢ IN SOLID

»| arge acceptance & luminosity!

—¢ decay products can be
measured directly
* Fully exclusive, low background
* Measure R to extract o,

— Near-threshold is more accessible
than at EIC

—PID from ToF, Cherenkovs

High statistics & continuous

kinematic coverage for
multidimensional
measurement!

S Y Argonne National Laboratory is o
o e el ey s oy Argonne
94 of ENERGY A & et et
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s O 1 8
PROJECTIONS Sl D
SOLENOIDAL LARGE INTENSITY DEVICE g 8} (o)j ‘Eg
» Exclusive ¢ projections for full SoLID 1S il
— 43.2 ab! (existing J /3 proposal) i o
. 4_
— Fully exclusive! - Detect all four final state : o2
particles: €', p’, K*, K° oL T
= Require kaons, proton to be detected in L N v B
forward angle detector
Momentum Distribution O Distribution
I Better TOF PID Electron Electron
Proton 14000 1 Proton
40000 - Ei 12000 4 Ei
SoLID, Vs =4.46 GeV SoLID, Vs = 4.46 GeV
o000 Q%>2 GeV? 10000 - 02>2 GeV?
Particle momenta [ Partiftsles Itr;l » £ a0
. . S | events wi S
nicely suited for the 20000 reconstructed 6000
SoLID PID systems! 2000
10000 A
2000 +
o 0 1 2 3 4 5 6 0 5 10 15 2I0 2'5 3'0

A2, U.S. DEPARTMENT Argonne National Laboratory is a

W7 of ENERGY  mansocany GChieage arsonne tiC. Momentum (GeV)

6 (degrees)



PROJECTIONS

0.8

0.2

Hatta, HK, Passek-K, Schoenleber
Deeply virtual @-meson production near threshold

PTEP, ptaf076

Assumption of 10% systematic
LID uncertainty still exhibits good

sensitivity to D!
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NLO, Ds= -1
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PROJECTIONS

Assumption of 10% systematic
LID uncertainty still exhibits good

sensitivity to D!
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doy/dt (nb/GeV?)
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CONSIDERATIONS FOR SOLID-LITE

» When W — Wy, is small, the proton, K*, and K- are all relatively close

together in angle
—Solenoid field is nice to avoid bending one charge into the beamline

=|_arge angle e preferable for higher Q2

Momentum Distribution 6 Distribution

Electron Electron
Proton 14000 4 Proton
40000 A p o
K= 12000 K
SoLID, Vs =4.46 GeV SoLID, Vs = 4.46 GeV
Q2>2 GeV? 10000 - Q?>2 GeV?
30000 A
2 2
c . . S 8000 A
3 Particles in 3
© 20000 1 events with 4/4 © 6000 -
reconstructed
4000 4
10000 A
2000 A
0- : ! .
5 10 15 20 25 30
Momentum (GeV) 6 (degrees) Argonneo

’ ’%‘\ U.S. DEPARTMENT ﬁngSgga":[ar
(0) o ENERGY U320 T T A




CONSIDERATIONS FOR SOLID-LITE

= |deal reduced coverage configuration for near-threshold ¢ would
have an electron arm at large angles and a larger hadron arm at
smaller angles on the opposite side

.
.
.

Beamline

Beam into page
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CONSIDERATIONS FOR SOLID-LITE

= |deal reduced coverage configuration for near-threshold ¢ would
have an electron arm at large angles and a larger hadron arm at
smaller angles on the opposite side

e’ }

Beamline\

K-

The hadron arm should
ideally have PID similar
to the existing SoLID
forward-angle detector

Beam into page
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PROJECTIONS

= Very rough estimates of SoLID-LITE statistical uncertainties
= Assume 1/10t the azimuthal coverage of SoLID

Full SoLID SoLID-LITE
08 7 <02 <8 GeV? 0.8 7 <02 <8 GeV?
- 2.4<W<2.6 GeV — 2.4<W<2.6 GeV
S >
8 8 0.6
S Py |t| = Q%/3
< <
2 0.4
5 )
© ©

1.5 2.0 2.5 3.0 3.5 7 40 1.5 2.0 2.5 3.0
It| (GeV?) It] (GeV?)
Inner error bars: statistical only
(@) Uspmamme trammesmn, Outer error bars: statistical @ 10% systematic ~ Argonne &
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PROJECTIONS

= Very rough estimates of SoLID-LITE statistical uncertainties
= Assume 1/10t the azimuthal coverage of SoLID

reduced statistics with
matically improve our

understanding of D!

Assumption of factor 10
SoLID-LITE still would dra

1.5 2.0 2?5 3.0 3.5 7 4.0 1.5 2.0 2.5 3.0
It| (GeV?) It| (GeV?)
Inner error bars: statistical only
@) Uit (Tsmnm ., Outer error bars: statistical @ 10% systematic ~ Argonne &
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CONSIDERATIONS FOR SOLID-LITE

* High luminosity brings the possibility of measuring proton recoil
polarization in inelastic processes
= In DVMP, provides the opportunity to do a complete amplitude

analysis, with electron, VM, and proton spins all measured
* This would be the holy grail for GPDs!

= Can provide a new test of the reaction mechanlsm'

1.2
1.0
0.8
0.6
0.4
.2
0.0 BA( A Iy
0.

2()cme h

If SoLID-Lite has azimuthal gaps, could

imagine sticking in a polarimeter arm
to measure proton polarization!

Height (m)

Recoil proton polarization: A new discriminative observable for deeply
virtual Compton scattering

Olga Bessidskaia Bylund®, Maxime Defurne®, and Pierre A. M. Guichon Len gm
Irfu, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France

. . . P 1 Double Polarization Observables in Pentaquark Photoproduction
Single spin asymmetry ine+p —e' +B'+ X
D. Winney,2 * C. Fanelli,»*% ! A. Pilloni,>»® % A. N. Hiller Blin,”>¥ C. Ferndndez-Ramirez,?

Voshveala Hattal’ 2 and Oleg Vv Teryaev3 M. Albaladejo,® V. Mathieu,'® V. I. Mokeev,® and A. P. Szczepaniak’ ??
’ (Joint Physics Analysis Center)




CONSIDERATIONS FOR SOLID-LITE

Beamline

-/

Beam into page
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CONSIDERATIONS FOR SOLID-LITE

Let’s test the assumptions in our
reaction mechanisms once and for all,
let the data be the judge!

Beamline

Beam into page
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OTHER OPTIONS FOR ¢ AT HIGH LUMINOSITY

Analysis of ¢ electroproduction in CLAS12 RG-A and RG-K
data is ongoing (Ask Bhawani & Krishna)

» Reach to GFF-region is mostly limited by statistics, this channel
would benefit greatly from a CLAS12 luminosity upgrade!

* Could measure ¢ — uu with uCLAS12
* BR of 3E-4... Probably not competitive with default CLAS12

Letter-of-intent submitted to last year’s PAC for measuring

¢ electroproduction using SBS augmented with a RICH
= Conceptually similar to the SoLID-LITE design | sketched

AAAAAAAAAAAAAAAAAA



WHAT IS “HIGH LUMINOSITY”

| think most of us mean “higher statistics for analysis”

* For many analyses, higher luminosity + more statistics without
improved DAQ to actually record the process of interest

= For example, in SoLID using just calorimeter and scintillator
information, the exclusive ¢ final-state of three charged

“hadrons” and an electron will have a trigger rate of ~100 kHz

due to random coincidences despite only O(100) Hz of signal

* |n such cases, increasing the luminosity changes nothing, the

trigger rate can’t go higher
» However, this is strictly a problem of the “standard” DAQ setup, with

streaming & a software trigger, there is no problem!

AAAAAAAAAAAAAAAAAA




WHAT IS “HIGH LUMINOSITY”
» | think most of us mean “higher statistics for analysis”

* This also means higher MC statistics for unfolding!
= Rule of thumb is 5-10x more MC events than data events

= With more events for analysis intrinsically comes higher

demand for compute resources
= Current compute is already strained, a “higher luminosity
facility” probably needs more resources or significantly
optimized data/simulation processing
= Can learn from HL-LHC, e.g. generative Al for fast simulation

AAAAAAAAAAAAAAAAAA




Future experiments will give us the missing piece of the
D-term, D, enabling global analyses of total D-term from

experimental data!
= Uy ._I_.l)'“’ + Dy + Ds(U) + ...
]/'¢ DVCS ¢ DVMP

_ 3
D(r) :/7(;733 eTIAT D(—A?)

Repulsive
pressure

PDG
—o— g, Duran et al. method 2
—»—g,Duran et al. method 1
—e—g Guoetal.

(x102 GeV fm™)

Confining
pressure

5

1.
X (fm)

r (fm)

Argonne &

NATIONAL LABORATORY



Future experiments will give us the missing piece of the
D-term, D, enabling global analyses of total D-term from
experimental data!

D(0) = Dy(0) + Du(0) + Da(0) + Da(0) + ...
I/ DVCS & DVMP

These quantities teach us about the strength

of the strong force inside nucleons,




CONCLUSION

= To fully understand proton mechanical structure,
need to extract the contribution of strangeness to the D-term
— Only place in the world presently capable of this measurement is CEBAF
— The ¢-007 experiment in Hall C will give us a glimpse of Dg

= Experiments with large acceptance and high luminosity are the only
way to comprehensively map D,

— Seems that a SoLID-LITE would be capable of this!

o = N w »

r?s(r) (1072 GeV/fm)

Ds(0) =0.25 Ds(0)=0.0 Ds(0)= —0.25 Ds(0)= —0.5

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
@gfﬁgﬁg@; ﬁTéf’sze“?“”?'%%""'“ﬂz;f,?atﬁg r[fm] r[fm] r [fm] r [fm]
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THEORY PREDICTIONS

NLO GPD calculation for ¢ DVMP cross section now availablel'l!

d;’tL _ (W2 iﬂ]\;;;lwpcm ((1 . 62)|IH|2 . (4]\1;2 +§2) |5|2 . 2€2R€(Hg*)>
DVMP amplitudes H, € have direct dependence on
partonic D-term contributions for large ¢!

2% 15 : 131 2
" {as(,u) + O‘ZST“) (25 7309 — 2nf + ( = %) In %)} (Aq(t, 1) + 2D (t, 1))

§2
3 o 13.8682 1Q2 A 2D
T3 as—l—% BT nu (Ag +&°Dy)

/

Large cancellation for D! While D. contributes directly!
Ag ~ 0.4, Dg ~ —2

[1] — Hatta, HK, et al.: Deeply virtual ¢-meson production near threshold, PTEP, 2025

H(Et) ~




THEORY PREDICTIONS

141 . . D4(0) = 0.25
Q = 3.4 GeV —— D(0)=0.0
15 W=225GeV — Dg0)=-025
—— D4(0)= —0.5
> 10/
w
O
S 8l
£
=
S 61 Inner uncertainty band:
En pQCD scale variation
© 4_\ u/2<Q<2u
2- B Outer uncertainty band:
Uncertainty on D, € pQCD
0 Total prediction uncertainty

08 09 10 11 12 13 14 15
|t] (GeV?)

[1]1 — Hatta, HK, et al.: Deeply virtual ¢-meson production near threshold, PTEP, 2025




HOW WELL CAN WE EXTRACT Dg?

Linear scale
14 D4(0) = 0.25 = Jitter datapoints and fit to
— Ds(0)=0.0 theory predictions at
— D4(0)= —0.25 .
121 — D.(0)=—05 different values of Dq
§>\ 10 ® Projected Data
2 normalization tneerialy | w Anticipate resolutions of
) 0.1 to 0.2 on D4(0)
§ Precise enough to validate or
S invalidate the claim that D, = D, !
D,(0) Value | 0.25 | 0.0 | -0.25 | -0.5
. oD, (0) 0.15 | 0.15 | 0.18 | 0.28
08 09 10 11 12 13 14 15
|| (GeV2) Extracted resolutions on D,(0) for various values of D,(0).
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WHAT CAN WE LEARN FROM ¢-0077?

Using these resolutions on D, (0) and the functional form measured on the lattice,
can project uncertainties for the strangeness shear force distribution

First ever extraction! Terra incognita...

4 I
51| Dy(0) Value | 0.25 | 0.0 | -0.25 | -0.5

r2s(r) (10=2 GeV/fm)

D.(0) =0.25 D<(0) =0.0 D.(0) = —0.25 D.(0)= —-0.5
05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0
r[fm] r [fm] r [fm] r[fm]

AAAAAAAAAAAAAAAAAA




WHAT ELSE CAN WE LEARN FROM ¢-007 ?

10

0.7 2.10 < W < 2.40 GeV — PYTHIA Background
4 2.05<W<2.10GeV .
061 4 2.00 <W < 2.05 GeV Lager ¢ Signal
# 1.80<W<2.00GeV — Accidental Background
— 0 — — Sum
> >
(] (]
Q Q
g 3 plw
3 3
8 3 m 9
!/
n

085 090 095 1.00 105 1.10 085 090 095 1.00 1.05
It] (Gev?] It] (Gev?]

0' T T T T T T
. . 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Most differential measurement M, (GeV)

of near-threshold w Connection to the proton mass radius!'1?

[1] - Wang et al. Extraction of the proton mass radius from the

eIeCtroprOdUCtlon! + BSA' vector meson photoproductions near thresholds, PRD, 2021



WHAT ELSE CAN WE LEARN FROM ¢-007 ?

1e3

300 -
—— PYTHIA Background
40 Lager ¢ Signal ﬂ
- ep-e'p'n GK Model — Accidental Background
3.5 @ Projected Data —— Sum
— 3.01
>
S 25 plw
o)
< 2.0 i
=15/ ¢ {
s ;
S 1.0;
0.5
0.0 . : . ; .
0.80 0.85 0.90 0.95 1.00 1.05 1.10
|t] [GeV?]
00 02 04 06 08 1.0 1.2 1.4

First measurement of ' electroproduction! My (GeV)

[1] Eides, Frankfurt, Strikman - Hard

Unexpectedly large n’ mass is generated by the QCD chiral anomaly, Exclusive Electroproduction of
Pseudoscalar Mesons and QCD

What can electroproduction teach us? axial anomaly, PRD, 1999




WHAT ELSE CAN WE LEARN FROM ¢-007 ?

141 s GK Model ® Projected Data —— PYTHIA Background
15 Lager ¢ Signal R
_ — Accidental Background
> 10- —— Sum
()
Q
2 8 I plw
S 6 ¢
3 3 ¢
/
n
2-
0 T T T T T
0.80 0.85 0.90 0.95 1.00 1.05 1.10
|t] [GeV?]

00 02 04 06 08 1.0 1.2 1.4
Comparison of n and ' My (GeV)
What is the role of the chiral anomaly in electroproductionll?

n:n" =1:2 — Naive cross section ratios neglecting the anomaly

[1] Eides, Frankfurt, Strikman - Hard Exclusive Electroproduction

77 . 77/ — ]. . 0.87 - Wlth the anOma|y |nCIUded of Pseudoscalar Mesons and QCD axial anomaly



WHAT ELSE CAN WE LEARN FROM THIS DATA?

Beam Spin Asymmetries for all!
(Partially)

2¢(1 — €)7LT" sin ¢y,

BSA =

4.0
ep- elp/n/ mes GK Model Linear scale Logarithmic scale
3.5 @ Projected Data " D4(0)=0.25
30 — Dy(0)=0.0
— 3. — Dy(0)= -0.25
S 1 12 — D0)= -05
g 2.5 < &  Projected Data <
5 3 ° Normalization Uncertainty |
<20 g g
= a a
= £ <
'g 15 % %
10 5 g
3 3
0.5
0.0
0.80 0.85 0.90 0.95 1.00 1.05 110 100
t] [GeV2] 08 09 10 11 12 13 14 15 08 09 10 11 12 13 14 15
1t (GeV?) |t (GeVv?)
14 = GK Model @ Projected Data 0.7 41 2.10< W <2.40 GeV
4 2.05<W<2.10 GeV
12 0.6 4 2.00<W<2.05GeV
—_ n H 1.80 <W<2.00 GeV
> 10
[} —_ —
S 8 o] Q
— I v g
E 2 el
k) E = =
2 = =
[S) 3o 5]
T 4 [] ) 5
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2
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14 1/2€(1 + €) ZEL cos ¢p, + €72 cos 2y,

0.8
|t] (Gev?)
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WHAT ELSE CAN WE LEARN FROM ¢-0077?

Channel

Physics Goal

¢ BSA

Compare to GPD models

n' cross section / BSA

GPDs and/or study of the chiral anomaly

w cross section / BSA

Compare to GPD models, Mass radius

7 cross section / BSA

Baseline for 7’ sans anomaly

u-channel H (e, e'n)X

Baryon junction / spectroscopy

u-channel H(e,e'K)X

Baryon junction / spectroscopy

/K /p SIDIS

High statistics cross check of SIDIS validity at low-Mx

TABLE II. Planned measurements in addition to the ¢ cross section and their physics goals.

Counts in 540 ab~!

1e3

300

—— PYTHIA Background

Lager ¢ Signal R

2501 —— Accidental Background

—— Sum
200

olw

150 -
100 -

Lots of physics
opportunities that come for
free with this dataset!

Argonne &
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WHAT ELSE CAN WE LEARN FROM THIS DATA?

1e3

300 1
—— PYTHIA Background Huge dataset of
Lager ¢ Signal P H(e,e'p)X at

2501 —— Accidental Background fixed kinematics!
. —— Sum .
!
L 200 -
@
o pIw
=
O
< 150
12
5
O 100 -
@)

50 -
n
70

O' T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
M, (GeV) Argonne &
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WHAT ELSE CAN WE LEARN FROM THIS DATA?

1e3

300 -
—— PYTHIA Background
40 Lager ¢ Signal ﬂ
- ep-e'p'n GK Model — Accidental Background
3.5 @ Projected Data —— Sum
— 3.01
>
S 25 plw
o)
< 2.0 i
=15/ ¢ {
s ;
S 1.0;
0.5
0.0 . : . ; .
0.80 0.85 0.90 0.95 1.00 1.05 1.10
|t] [GeV?]
00 02 04 06 08 1.0 1.2 1.4

First measurement of ' electroproduction! My (GeV)

[1] Eides, Frankfurt, Strikman - Hard

Unexpectedly large n’ mass is generated by the QCD chiral anomaly, Exclusive Electroproduction of
Pseudoscalar Mesons and QCD

What can electroproduction teach us? axial anomaly, PRD, 1999




WHAT ELSE CAN WE LEARN FROM THIS DATA?

10

0.7 2.10 < W < 2.40 GeV — PYTHIA Background
4 2.05<W<2.10GeV .
061 4 2.00 <W < 2.05 GeV Lager ¢ Signal
# 1.80<W<2.00GeV — Accidental Background
— 0 — — Sum
> >
(] (]
Q Q
g 3 plw
3 3
8 3 m 9
!/
n

085 090 095 1.00 105 1.10 085 090 095 1.00 1.05
It] (Gev?] It] (Gev?]

0' T T T T T T
. . 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Most differential measurement M, (GeV)

of near-threshold w Connection to the proton mass radius!'1?

[1] - Wang et al. Extraction of the proton mass radius from the

eIeCtroprOdUCtlon! + BSA' vector meson photoproductions near thresholds, PRD, 2021



WHAT ELSE CAN WE LEARN FROM THIS DATA?

—— Reconstructed Pythia6
175000

[ep—>e’n+ +X]
150000

125000 {

100000

75000 1

500001 N

Events (Projected in 540 ab™1)

25000 1

0

1.0 1.2 1.4 1.6 1.8 2.0 2.2
Missing Mass M, [GeV]

u-channel 7"n and K'Y
electroproduction

Baryon takes most of the y* momentum
Compare to pQCD TDA predictions

—— Reconstructed Pythia6
1400 -
e e +
" 12001 [ep—>eK +X]
@®
o
X 1000 A
£
D 8001
g |~
2 600
[ 2(1385)
u N(1405)
S 4001
>
200 -
0 . . . .
1.0 1.2 1.4 1.6 1.8 2.0

Missing Mass M, [GeV]

Connection to how baryon number is
distributed in the nucleonl1?

[1] Pire et al. - Toward an advanced phenomenology
of N transition distribution amplitudes, 2025
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TESTING THE THEORY

* Q2 scaling lets us test!

= Hatta et al. predicts a very steep scaling
with Q? in our range of W

— Predicts o; < Q°due to the GFFs

and hard coefficients

* Unique feature of the near-threshold
framework[!

— Standard GPD predicts o, « Q-6
— VMD predicts ; < Q4

Can validate or invalidate

collinear factorization at these
kinematics with our data!

o, xQ7°

—— NLO GPD (D; = 0)
---0; CLAS model
HH  Projected Data

3.25

3.50

375 400 425 4.50

Q*[GeV?]

[11 — Hatta, HK, et al.: Deeply virtual ¢-meson
production near threshold, PTEP, 2025 = = " " Ouiow.usomon



TESTING THE THEORY

» The prediction of Hatta et al. “agrees” with

CLAS data and preliminary results from —— NLO GPD, D4(0) = 0.0
—— Strawman Coupled-Channel
CLAS12 61 W cLAS 08
. . Hd CLAS12 Moran Thesis
— Data uncertainties are very large! | & Projortod Data

» Almost any model can describe the existing

data due to poor precision & large bins 2 /\ /|
» The speculation surrounding this topic is o9 | '/

precisely why these data are sorely needed! ..

(Q?) = 3.4 GeV?

Only Way to reSOlve thiS 00 21 2.2 213( 2)f4 25 26 27
. . W (GeV
debate is with data!

7™ U.S. DEPARTMENT Argonne National Laboratory is a
@ @KL‘S) U.S. Department of Energy laboratory
D¢ of ENERGY  managed by UChicago Argonne, CLLC. T Donad asorarory




WHAT ELSE CAN WE LEARN FROM THIS DATA?

141 s GK Model ® Projected Data —— PYTHIA Background
15 Lager ¢ Signal R
_ — Accidental Background
> 10- —— Sum
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Q
2 8 I plw
S 6 ¢
3 3 ¢
/
n
2-
0 T T T T T
0.80 0.85 0.90 0.95 1.00 1.05 1.10
|t] [GeV?]

00 02 04 06 08 1.0 1.2 1.4
Comparison of n and ' My (GeV)
What is the role of the chiral anomaly in electroproductionll?

n:n" =1:2 — Naive cross section ratios neglecting the anomaly

[1] Eides, Frankfurt, Strikman - Hard Exclusive Electroproduction

77 . 77/ — ]. . 0.87 - Wlth the anOma|y |nCIUded of Pseudoscalar Mesons and QCD axial anomaly



WHAT ELSE CAN WE LEARN FROM THIS DATA?

Beam Spin Asymmetries for all!
(Partially)

2¢(1 — €)7LT" sin ¢y,

BSA =

4.0
ep- elp/n/ mes GK Model Linear scale Logarithmic scale
3.5 @ Projected Data " D4(0)=0.25
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—— NLO GPD, Ds(0) =

—— Strawman Coupled-Channel
61 @ cLAS 08

Hd  CLAS12 Moran Thesis

5{ HH Projected Data

AAAAAAAAAAAAAAAA

= 4 Data Source (W) (GeV) Data o GPD o,
cC ,
— CLAS ‘08 2.40 3.06+1.76 3.44+0.66
- / data
3. [ . |
CLAS12
Moran 2.19 1.39+0.30 1.28+0.33
thesis data
2 4
1 2 2
(Q°) = 3.4 GeV
0 T T T T T T T T
2.0 2.1 2.2 2.3 2.4 25 2.6 2.7
(GeV)
@ U.S. DEPARTMENT ﬁg"”"; National Labor, agt;)‘ybsal y Argon ne o

of ENERGY  managed by UChicago Argon




THEORY PREDICTIONS

Dipole z-expansion
D; D;
u —0.56(17) —0.56(17)
d ~0.57(17) —0.56(17)
s —0.18(17) —0.08(17)
utd+s —1.30(49) —1.20(48)
g —2.57(84) ~2.15(32)
Total —3.87(97) —3.35(58)
_ 0.0 0.5 1.0 L5 2.0
Quark masses tuned for a pion mass of _t[GeV?]

170 MeV, lattice spacing of 0.091 fm.
Calculations not yet in the continuum limit

AAAAAAAAAAAAAAAAAA




¢ CAVEAT T
= ¢ form factor contributes to many of the 00al N
mechanical properties (Radial pressure, N
radii, etc.) 00z e
. . s e am mm BN BN BN BN BN Em :.-h— = =
— ¢ currently inaccessible to experiment R i -
> o
. 1Q
Pressure defined as:
1 1d45d=~ / d3 A\ indT 5 -0.02} e e =
“(ry=——=—r"—D%r)—m e "2Me(—A — | = Total
P*(r) 6m r2dr dr (r) (2m)3 ( ) //’ — u-quark
_ _ _ 004r ~ == d-quark |
= However, ¢, = —¢,! - Total ¢ cancels 7~
. ] . / = = g-quark
due to EMT conservation if summing 0,05 . . . .
. 0.0 0.2 0.4 0.6 0.8 1.0
over all parton species! t[GeV?]

This caveat means that to extract the full set of mechanical properties,

all partonic D-term contributions must be known!

%) U.S. DEPARTMENT Argonne
& } U.S. Dep:
287 of ENERGY  mansoe




SIGNAL EXTRACTION

= Perform the background | 0828<[t] <0.870 [u=5452 | 0870<f/<0.911 (=553 | 0o11<1d<0953 [u=5250
generation, fitting, and «|[Ds(0)=0.0]  [FH=IEER) =2 i
sideband background -
subtraction on pseudodata “«
100000 times

1000 4

Counts

0

7000{ 0.953<|t]|<0.995 |u=4921 { 0.995<|t|<1.036 |u=4573 {1 1.036<[t|<1.078 |u=4492

=671 =607 =678
u ReSUltS Of g/u=13.6% i g/u=13.3% ] g/[l=15.1%
',I“‘| A

pseudoexperiments shown |
for 6 bins in |¢] -
— Can bin less finely if cross ...

section is smaller than

Counts

\ 1
{ x A \
. 0 o %, / A
pred ICted 0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000

Extracted Yield Extracted Yield Extracted Yield
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CROSS SECTION T=wsemamess

#H  CLAS '08

PROJECTIONS |8 e

= ¢ Cross section conservatively estimated as the 7
S

smaller of two predictions in our projections 3
— NLO GPD prediction > | - T/

— Model based on existing world data " - (07) = 3.4 Gev2

deve I (o) pEd fO r C LAS 1 2 0 2:0 21 22 23 24 25 26 27

\ ST T wise)

10 . — : 1000 —— . . 100 F———— T T
Ypoo+p / TSN H1 09, W=75 +&— YpP=>0+p ZEUS 05]
{_’ ] [ Tl e ZEUS 05, W=75 +*— 0% =25 GeV? %
i 1 [ AN \\ HERMES prelim., W=5.0 +>— T
% 1 100 F - RN Cornell 80, W=2.8 —— e
.j}_% 1 E }_{_%* CLAS 08, W=2.5 = HERMES prefim, T 1
[ YL NN Parametrization P H109
w ! E [ S \\d(\ Cornell 80 L
© x’aTJ ] = 10 3 ﬁ \\“\'\ 3 = =
& # ] = i %f VR S ot ’ -
o . 1 F N g
Il { ] & ’f N iy g
& e 1 E DU \\ = i
01f .7 . : AN f
e Cornell Dixon 79 ——+— ] [ N ‘\dr%\\ '
CLAS Santoro 08 —=— ] NN % !
HERMES prelim. —*— 1 0.1 NN E ! CLAS 08
ZEUS Chekanov 05 —*— | F RN 1
HI Aaron 09 —&— 1] [ \\ \&\ !
Paramerization -~~~ YPoo+p v ' Parametrization -----
0.01 : 0.01 : 1 1 , !
0.1 1 10 100 0.1 1 10 100 1 10 100

0% [GeVH 0 [GeVH W [GeV]




FINAL-STATE INTERACTIONS

= FSI calculated for ¢ photoproductionl’]

— Determined to be orders of magnitude
smaller than the production cross
section — negligible

Yp—> ¢p
1 1 I I I I I 1 [ I 1 I l§
§ ©°© o o a3
i a)
=
_E N —
—= Impulse§ D
---- FSI -
— Full E
1 Y R N N NN TN SN AN SR BN | 1_
3 4 5
E, (GeV)

» Even the individual FSI channels are
calculated and shown to be tiny

——- Nucleon
— — KA loop

\-_,\
—

T —
e ——
e
- —
— —
- —

E, (GeV)

[1] — S.H. Kim et al. Dynamical model of $ meson
photoproduction on the nucleon and “He



THEORY RESPONSES

Furthermore, duality tells us that partonic

and hadronic descriptions are not exclusive!

* The points raised against Hatta et al. do not apply to holographic
predictions since holography does not rely on collinear factorization

—Holographic predictions for ¢ already exist!!]

* |n contact now with holographic theorists, a new calculation for our
Kinematics is possible

[1] - Mamo, Zahed: Electroproduction of heavy
vector mesons using holographic QCD: from Argonneo
near threshold to high energy regimes  Owomussonmon



“NEAR-THRESHOLD”?

= Asymptotically close to the
threshold of W = 1.96 GeV, collinear
factorization indeed breaks down

» However, the W of this experiment
was chosen to be large enough that
the relative momentum between the ¢
and proton is still reasonably large

— “Near-threshold” is misleading!

The only way to test
whether collinear

factorization holds
quantitatively is with data!

Relative Momentum in CoM Frame (GeV/c)
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Center-of-Mass Relative Momentum vs W

2.0 2.2 2.4 2.6 2.8
W (GeV)

Total momentum between the ¢ and
proton in the center-of-mass frame
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CAN WE DO U-CHANNEL?

lu_

channel: baryon takes most of the

virtual photon momentum

» Instead of H(e,e'P)X, can we do

H(e,e'K)X or H(e, e'm)X with our dataset?
— HMS Aerogel would likely be able to

20

15

10

Npe

cover /K separation

« Kaons are below Cherenkov threshold,

pions reasonably far above it

N 8 éZS Egb'éﬁ}ﬁéﬁ't ...................... e .
I N H_M_%.m.qm_enmm _________________ — _
: range ; P
0 1 2 3 ] 4 I 5 6

P (GeV/c)
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ssssss

Kaon Contamination: 0.00% :mtons
Proton Survival:  99.99% 0
s Kaons
40 Cut
) 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0
TOF Between Hodoscopes (ns)
Kaon Contamination: 0.09% :g::ns
Proton Survival:  99.74%
W Kaons
30 Cut
7.0 7.5 8.0 9.0 9.5 10.0



EXCLUSIVE PION PRODUCTION

= y-channel is sensitive to transition

distribution amplitudes

— Connected to how baryon number
is distributed inside of nucleons!'!

—— Reconstructed Pythia6

175000

9 150000

b~1)

125000

100000 1

75000

500001 N

Events (Projected in 540 a

250004

0

10 12 14 16 18
Missing Mass M, [GeV]

[1] Pire et al. - Toward an advanced phenomenology of TN transition distribution amplitudes
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FIG. 5: CLAS data for the unseparated cross-section g"T‘.’ of the v*p — nn reaction at backward angles [8], with
W =2.2GeV and u = —0.5GeV?2. The solid curves represent the corresponding results obtained using the default
version of our TDA model. The dash-dot curve in the left plot corresponds to a version of our model that includes

only the second component, i.e., F(!) (o, p,w, v, u), with F© (k,8, u, A\, u) set to zero. The dotted curve shown in the
right plot represents the modeling scenario when all evolution effects are neglected.
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WE CAN DO U-CHANNEL!

Lagg| —— Reconstructed Pythias = Near-threshold, u-channel hyperon production is

= oo accessible if K* can be efficiently ID’d

2 o0 = Likely requires refurbishment of HMS aerogel

3 800

S ol = Note, PYTHIAG resonance region cross sections

[y $(1385) . . .

g, A(1203) are unreliable (especially in u-channel)

o z — However, SIMC acceptance is correct, so these hyperons
. Ul\ , , ‘ are well within our acceptance

Missing Mass M, [GeV]

»
[

w0l EP—EKTA° ep-eK*30 ep—-e'K+3(1385)
0 4.0 o o
4.0 y
35 3.5
3.5
%, 3.0 < 30 =
(] [} (]
o Q o 3.0
= = =
=25 =25 =
2.5
2.0 2.01
2.0
1.5 BmE Kinematically Allowed Region for (Q?) 1.5 @ Kinematically Allowed Region for (Q2) @ Kinematically Allowed Region for (Q2)
« Reconstructed A° Events ' « Reconstructed 3° Events 1.5 » Reconstructed 2(1385) Events
1.600 1.625 1.650 1675 1.700 1725 1.750 1.775 1.800 1675 1.700 1725 1.750 1775 1.800 1.825 1.850 1.875 1.900 1.925 1.950 1.975 2.000 2.025 2.050 2.075

W (GeV) W (GeV) W (GeV)



GETTING daL/dltl = With do./d|t|, need R to get do/d|t|

— Fit the world data to get an idea (and
uncertainty) on this quantity within our
phase space (Q*~ 3.4 GeV?)

= \World data suggests R(Q?) not R(Q?, W, |t])

1
1
1
KN Model i
1
1
1
GK Model i 10 e
- E Y po0+p Iz ]
CLAS: (Q?) =22 GeV? (Unscaled) ————@—— | - ] + ]
i Jﬁ% ]
CLAS: (Q2) = 2.2 GeV? (Scaled) — +{“ 1
1 T
- 1F 3 ]
Cornell {Q2) = 0.97 GeV? (Scaled) »—Q—i—t o ; ﬁ—‘ ]
: © i I ]
H1: (Q2) = 3.3 GeV? - & A
. 1 {
ZEUS: 3<Q?<4.5GeV? . ol |
! I Cornell Dixon 79—
ZEUS: 2 < Q? <3GeV? —e—X CLAS Santoro 08 +—=— ]
. ]
i ZEUS Chekanov 05 —*— |
' World Average = 1.26 £0.10 | | Used in fit = ~e~ ]
! Paramejrization -~~~ -
: : : : ' ' I
0.0 0.5 1.0 1.5 2.0 01 b 100
0" [GeVT]

R =5 atQ? =3.4GeV?
= Use CLAS12 parameterization to scale
nearby world datapoints
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GETTING D,

Guo et al.
Bayesian

J/y-007

Holographic Fit

Lattice

Shanahan et al.

Lattice

® Hackett et al.

z-Expansion Fit

Lattice

1

Hackett et al.
Dipole Fit

World Average = —2.07 £ 0.23

35 -30 -25 20 -15 -1.0 -05 0.0

D4(0)

= Sensitivity of cross section to Dy isn’t as
large as Dg, but large uncertainties on
Dy can still rain on our parade

— Average the results of lattice + Hall C
data + Guo/Yuan Bayesian analysis

— Hopefully should more results soon
(CLAS12)

— Can also include some theoretical values
in here if they seem realistic

" In the end, it’s obvious that a global
fit to both Dy and D is the way to go!

AAAAAAAAAAAAAAAAAA
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WHAT ABOUT THE EIC?

»Large acceptance detector! N\

—Means ¢ decay products can be
measured directly, fully exclusive

—Use the dual-radiator RICH for PID
of kaons at relatively small angles

—Background can be substantially
reduced

*How well can we do? Can we
access D at the EIC?

ﬁ% U.S. DEPARTMENT  Argonne National Laboratory is a
@ @ ] U.S. Department of Energy laboratory
Y9 of ENERGY  managed by UChicago Argonne, CLLC. T O giionat LasoraTory




PROJECTIONS ePi&)

» Only 5x41 GeV mode enables access to
near-threshold ¢

Q7 [GeV?]

» Acceptance for ¢ in central detector is nearly
zero for even 10x100 GeV energy

— ¢ too forward boosted near-threshold

Momentum Distribution Pseudorapidity Distribution
eic, 5541 ccrn | 27201 pecr
. Q%2>2 GeV? K+ K+
» Fully exclusive 1.96 < W < 4 Gev - «
measurement only L N R
4 = < <
. 4] 4] ] 196 <W<4GeV s g o
possible thanks to EIC ¢ |E
' © 1074 O 5001
far-forward detectors!
Lot 5000
2500
100 4
1L, . . . 0l . . !
10 15 20 25 30 35 40 -2 0 4 6

@ U.S. DEPARTMENT ﬁrgogne Nlationtal IFaEborato‘ry isa 2
“J¢ of ENERGY  manag Momentum (GeV) Pseudorapidity (n)




PROJECTIONS ePi&)

= Assume 10 fb-1 (5x41)
— Two years (40
weeks) of running
at the design
luminosity

= Full exclusivity

— e, Kt pall
measured in the
detector

Limited by
statistics &

forward
acceptance

T Argonne National Laboratory is
U.S. DEPARTMENT USDp National Lab o iano ly

¢ @Jﬁ of ENERGY  managed by UChicago Argon

EIC 5x41 Projections for % at2.4 <W < 2.8 GeV

do/dt (nb/GeV?)

do/dt (nb/GeV?)
o
o

°
N

e
N

©
o

— NLO, Ds=0
— NLO, Ds= —-0.5
NLO, Ds= -1

~4+ Simulated Data (Stat.@Sys. Unc.)
4<Q?<5GeV?

do/dt (nb/GeV?)
w Ny wv

N

=

— NLO, Ds=0
—— NLO, Ds= - 0.5
NLO, Ds= —1

-+ Simulated Data (Stat.®Sys. Unc.)
5<Q?<6GeV?

0.75 1.00 125 1,50 1.75 2.00 225 2.50 0.75 1.00 1.25 150 1.75 2.00 225 2.50
[t] (GeVv?) [t] (GeV?)
—— NLO, Ds=0 25 — NLO,D;=0
—— NLO, Ds= —0.5 —— NLO,Ds= - 0.5
NLO, D= —1 NLO, Do = —1
~#+ Simulated Data (Stat.®Sys. Unc.) 2.0 4+ Simulated Data (Stat.®Sys. Unc.)
7<Q%2<8GeV? | 3 6<Q%<7 GeV?
: 1 Qs . : ’
Q N
g .
: )
1.0 ~
el
— 0.5
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SOLID ANALYSIS STRATEGY

= How much information we need to reconstruct these exclusive ¢ events?

= Option 1: Fully exclusive reconstruction
— Requiree+p+K*+K (ore+p+ht+h)

= Option 2: One missed particle
—et+p+Kore+ 2K
— Use missing mass to reconstruct the remaining particle
— Resolution on M, is not great

= Option 3: Full missing mass
— Only reconstructe + p
— Background is overwhelming & resolution not good enough to pick out a ¢ peak

AAAAAAAAAAAAAAAAAA



SOLID ANALYSIS STRATEGY

= How much information we need to reconstruct these exclusive ¢ events?

Assume this
technique for
all that follows

— e+p+K0re+2K
— Use missing mass to reconstruct the remaining particle
— Resolution on M, is not great

= Option 3: Full missing mass
— Only reconstructe + p
— Background is overwhelming & resolution not good enough to pick out a ¢ peak

SR Argonne National Laboratory is 3 o
@ UsS, DEPARTMENT (g Ot of Energy Iaboratory Argon ne
o Argonne,

of ENERGY  manaoe




TRIGGER STRATEGY

= Cannot use J/y or TCS triggers

= H(e, e'p) channel isn’t enough to reconstruct a ¢ on its own
— Don’t lose anything by requiring a triple coincidence in the trigger

» Trigger on electron at large angle + two charged hadrons at forward angles
— Detected e + p + K* + K~ rate from signal ¢ events is ~10 Hz

— Large angle electron trigger threshold of 3 GeV
» Going from 2.5 to 3 GeV reduces photon rate by a factor of 4.4 with respect to the

J/¥ number of ~400 kHz

Process Rate Rate
Rriig. = (Rmra + Rpra + Ry pa) *
(Rﬂ,FA + RP.FA + R%FA) * Twindow * high :Lii:yihoton ?iohk[gzz ?)?4()1\};52
(Rea + Rya+ Rura ) * Twindow nen | M | ote i
Where R is the rate of triggers single proton 33MHz | 0.9 MHz

Table 2: Single rates for charged particles and high-energy photons detected at forward
and large angles with an 11 GeV beam. The high energy photon cut-off is 0.7 (2.5) GeV
at forward (large) angle.




TRIGGER STRATEGY

= Cannot use J/y or TCS triggers

= H(e, e'p) channel isn’t enough to reconstruct a ¢ on its own
— Don’t lose anything by requiring a triple coincidence in the trigger
» Trigger on electron at large angle + two charged hadrons at forward angles
— Detected e + p + K* + K~ rate from signal ¢ events is ~10 Hz

— Large angle electron trigger threshold of 3 GeV
» Going from 2.5 to 3 GeV reduces photon rate by a factor of 4.4 with respect to the

J/¥ number of ~400 kHz

Process Rate Rate
L — Forward Large
RTI‘Ig. - 80 kHz angle 11 GeV | angle 11 GeV
) . . single e~ 340 kHz 35.0 kHz
= Rate is high, should be reduced if we want to high energy photon | 7.5 MHz 0.4 MHz
: : T single 7+ 11.0 MHz 0.25 MHz
run in p_araIIeI with ex!stlng proposals | singlo 1~ - \MHy 015 M,
= Streaming RO? TOF in trigger? Track trigger? single proton 3.3 MHz 0.19 MHz

Table 2: Single rates for charged particles and high-energy photons detected at forward
and large angles with an 11 GeV beam. The high energy photon cut-off is 0.7 (2.5) GeV
at forward (large) angle.




roton
364 — Pion
—— Kaon
—— Electron
oy =150 ps (3ouncertainty band)

344

» Kaons from decay of ¢ should be PID’d to
reduce background

» Range of K*- momentum from ~1-4 GeV in
forward detector

» HGC will provide m rejection above 2.5 GeV

= 150 ps TOF covers 30 /K up to ~2.5 GeV )
— MRPC would handle this better, reduce

Path length = 7 m

Time of Flight (ns)
w

26

the reliance on HGC near its threshold T o o) et s
6 —— Pion (CO2)

» Scattered proton is low momentum, | e
typically 1-2 GeV T oo G 17 st
— TOF should be able to handle it | T I ——
e oy " ; : T

Momentum (GeV/c)




ANALYSIS STRATEGY

» Kaons: = Protons:

— Large-angle detector can PID protons up
to ~ 2 GeV with SPD TOF

— Allow protons in forward or large angle
detectors

= Electrons:
— Acceptance for fully exclusive
reconstruction is best when electron is at

— Forward detector has superior PID

» Longer TOF baseline + Cherenkovs to
reject fast pions

« MRPC would handle PID over whole
momentum range

* SPD TOF could handle it up to where the

HGC. turns on | large angle
— Require kaons to be in forward — Require electron in large angle
Aatartnr )

7

—— Electron (CO,)

— Kaon Electron (C4Fg 1.7 atm abs.)

ctron 6 —— Pion (COy)

=== Pion (C4Fs 1.7 atm abs.)

—— Kaon (CO;)
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Time Resolution = 250 ps
Momentum = 0.99 GeV

101

102 103 104 105
Hodoscope Arrival Time (ns)

Pions
mm Kaons
W Protons

91

Time Resolution = 250 ps
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20000 -
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15000 -

12500 -

10000 -

7500 A

5000 -

2500 -

Kaon Contamination: 0.00%
Proton Survival:  99.99%
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Proton Survival: 99.74%
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