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Figure 1: The Proton Figure 2: Various measurements of proton radius from world data.
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Elastic ep Scattering

* A technique used to probe the internal structure of "
! (ii)

proton.
‘\ g e
\\ K
.
\\ v¥(0,9) (i) (iv)
\\\_ — —
3 /4 £ > " =
// -
/  k -
A
o
. : Figure 4: Schematic of electron-proton scattering at (i) very
F isure 3: Electron-proton Scattermg low momentum transfer, (1) low momentum transfer, (i11) high
momentum transfer and (iv) very high momentum transfer
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Rosenbluth Separation Method

* A technique used 1n electron-proton scattering experiments

to extract proton’s electric and magnetic form factors.

* Only valid for low transter momentum.

* Assumes the one-virtual photon exchange approximation

* Introduced by M. N. Rosenbluth 1n 1950.

Ored = EG%‘(QZ) T TGIZVI(QZ) [2]

where € = [1 + 2(1 + 7) tan? (g)]_l and T = Y
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DIFFERENTIAL CROSS SECTION

IN QUARK MODEL
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@ SIGNIFICANCE OF THE STUDY

@ SCOPE AND LIMITATION
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e METHODOLOGY

Derivation of the reduced dcsg; — dcsg;lark
cross-section from the proton B Verified via noriiliz it
quark model 0,00 = €GE + TG

g—

Parameterization g }
of energy decay — '!!Qf’ erson Lab

ratio

—

gu—

Determination of Form Orog = EGIZ;" 4 TG12w
Factors from the derived |guu
reduced cross section y=xm+b .- GUTENBERG
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Parametrization of the

extracted electric form
factor using fitting models

Proton radius

calculation

METHODOLOGY

Dipole Model:

Double Dipole Model:

37¢ degree Polynomial (Poly3): Inverse Poly3:

1

2
G(Q*) =1+ pi- Q% 6(e*) = 1

Std. + Poly3:

/e

_ Q* i
G(QZ) _ (1 + O 71 Gevz) X (1 + Zl 1 pl QZ )

Std. x Poly3:

— /-

_ Q* i
G(Qz) i (1 + 0.71 GeV2> + (El 1 Pi- QZ )

P dGE(QZ)‘
dQ* lg2=o0

+zn =1 Di- QZi

Rational (1,1):
1+ poQ*

2) _
6(e%) = 1+ p,Q?
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( RESULTS

Derivation of Rosenbluth Separation Method where,

e=[1+2(1+7)tan?(6/2)]7
QZ
dcsg = dcsg;‘ ke C T am2
oz| Q° 0 Q° o\] 2 = 4EE'si 2<€>
Gog = €(1+17)e 7| N, A, Z2 [1 + e tan® (E)] + NyALZ5 [1 + 20T tan® (E)] ¢ v
Verification via normalization (Q% = 0) Derived Model

— 2 2
Original Rosenbluth Formula Trea = NudulululicEalE

Note that for the SEM (Spin effective Mass) model N, = Z,, = 2/3 and N; = —Z;= 1/3.
— 2 2
Oreqa = €GE + TGy

2\’ 1\°
Orea = (1)(1) + (0)u, =1 Oroat=NAm (5) + A, (§>

=) <o) -
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0 RESULTS

Energy decay ratio Calculation * The decay rates r for edr, and edr,  are

nearly 1dentical, showing the expected

fall-off as O increases.

(a) ok (b)  Results are similar with Jusoy’s study
who used low-Q- data.

* Differences arise when compared to
previous study, where higher-minimum
O° were used leading to a different decay
trend.

* edr measures the peeling of the cloud

covering—at larger (@7, the cloud is
pomallaspolooualoseglonoslosnell stripped away faster, causing a more
0.01 0.02 8-20(%8\/2) 0.04 0.05 0.06 0.01 0.02 820(3G - 0.04 0.05 0.06 dOWHWﬂI' d tren d

2 2
Figure 5: a.) edr ,b.) edr,, ., for0<Q° <0.06 GeV Table 2: Comparison of energy decay rate from other studies.
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(0 RESULTS

Form Factors Determination

T
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Figure 7: Sample data extracted from each O° dataset in the

linear fitting 1 2/ 2 5
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Figure 8: The trend of electric form factor as a function of Q°. The triangles are
from ep scattering experiment data, PRad data (green) and Mainz data (blue),
while the circle (red) is the obtained G, from the derived o, using the quark

model.
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Figure 9: Difference between the experimentally measured G . and the calculated
G, as a function of Q°.

* Both experimental and calculated values show a decreasing trend.

 Atlow Q2 (< 0.1 GeV?), the calculated G, closely matches PRad and
MaM1 data.

* At higher Q2 (> 0.1 GeV?), the calculated values deviate from MaMi

data. 1 3/2 5



2 RESULTS

Comparison of the extracted values and experimental data

through standard dipole assumption

e\~
= 2
1= AL 0h & 4 & A G(Q ) = 1 +
- e T BT R 0.71
0.9 \
o.af— ‘s, e At low O’ (< 0.1 GeV?): Both experimental and
= - . calculated G converge to 1, agreeing with the standard
o 0-7= . dipole model.
S 0.6F- s * At higher Q° (> 0.1 GeV?): Calculated G, deviates
O s further, showing a downward trend.
0.51 ° * Theoretical model limitations arise, possibly due to
pabs | T PRad data o neglecting quark spin effects.
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Figure 10: Comparison of G, in the experimental and calculated values

from standard dipole model. 1 4 / 2 5



Q RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 11: Fitting of calculated G, using Dipole Model Figure 12: Calculation of residuals between the calculated G, vs Dipole Model
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Q RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 13: Double Dipole Model Fitting.
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Figure 14: Calculation of residuals for Double Dipole Model
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Q RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 15: Third Degree Polynomial (Poly3) Fitting. Figure 16: Calculation of residuals for the 3rd Degree Polynomial
(Poly3)
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Q RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 17: Tnverse Poly3 Fitting. Figure 18: Calculation of residuals for Inverse Poly3.
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Q RESULTS

Fitting of extracted GE and Residuals Calculation

— Std. Dipole + Poly3
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Figure 19: Std. Dipole + Poly3 Fitting Figure 20: Calculation of residuals for Std. Dipole + Poly3
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Q' RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 21: Std. Dipole x Poly3 Fitting
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Figure 22: Calculation of residuals for Std. Dipole Poly3
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‘Q RESULTS

Fitting of extracted GE and Residuals Calculation
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Figure 23: Rational(1,1) Function Fitting
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Q RESULTS

Proton Radius Calculation

Proton Radius Measurements

——i

[ N

£

- Mean Radius

Dipole

Double Dipole
Poly3

Inverse Poly3
Std.Dipole + Poly3
Std.Dipole x Poly3
Rational (1,1)
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(re) [fm]

0.87 0.88

Figure 25: Extracted proton charge radius from different fitting models.

(Note: Double Dipole’s error bar is re-scaled by 107%)

Dipole 0.8444
Double Dipole 0.8289
Poly3 0.8287
Inverse Poly3 0.8297

Std.Dipole + Poly3 0.8288
Std.Dipole x Poly3 0.8289

Rational (1,1) 0.8292

+0.0019
+0.3530
+0.0024
+0.0027
+0.0024
+0.0024
+0.0128

Table 3: Extracted charge radius and corresponding
statistical uncertainty for different fitting models.

FINDINGS:

Average proton radius: 0.829 fm
Standard deviation: 5.81812 x 107

Statistical error: - 0.002
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Q' RESULTS

Comparison of the extracted proton

radius to the world data

Proton Radius Measurements

== Meanr_p = 0.850 fm

- PY : M-Hydrogen Spectroscopy
ep Scattering

Reanalysis of data
Hydrogen Spectroscopy
Lattice QCD

This work

Pohl et al. (2010)
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Griffioen et al. (2015) A } S
Mihovilovic et al. (2017) A I
Hill et al. (2017) A
Beyer et al. (2017) 1
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Arrington et al. (2019) -
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Figure 26: Comparison of Proton Radius Measurements from Various Method
(Note: Antognini et al’s (2013) error bar 1s rescaled by 10.) 2 3 / 2 5



SUMMARY RECOMMENDATIONS

Energy decay ratio (edr):

» Consistent behavior at low 07, aligning with

previous studies. . Ir.nprove 2the rpodel to a.ddres.s deviations in GE at
* Differences arise when compared to higher minimum higher O by mcorporating higher-order corrections
O’ datasets, indicating sensitivity to momentum and exploring advanced parametrizations or machine
transfer. learning techniques.
Electric Form Factor (G,) Analysis: e Expand the analysis to include higher O° datasets
E [ ]

from others’ study for a more comprehensive

* Strong agreement between calculated and . .
understanding of the proton’s electromagnetic

experimental values at low O° (<0.1 GeV?).

» Deviations at higher O° (> 0.1 GeV?) suggest model structure.
limitations in capturing the proton’s internal
structure. » Extend the study to other form factors, such as G, ,
* Polynomial-based models are good for fitting in the and analyze their correlation with GE for deeper
extracted G - insights into the proton’s internal structure.

Proton Charge Radius:
* Extracted value: 0.831 1= 0.002 fm
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