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UNDERSTANDING THE ORIGIN OF PROTON
MASS AND ITS DISTRIBUTION

= Proton’s macroscopic properties — charge, spin, mass — arise from

a very complex dynamics between the quarks and gluons (QCD)

= Studying its charge radius and spin from electron scattering https:/iwww.anl.goviph

y/3d-structure-of-
protons-and-neutrons

experiments have been an active area of research

— Quarks carry electromagnetic charge

= Little is known about its mass density which is dominated by

energy carried by gluons

Trace

Gluon anomaly

— Gluons do not carry electric charge and difficult to access via eneray

electron scattering experiments.
Quark
mass Quark
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NEAR THRESHOLD J/¥ PRODUCTION

Why is it interesting? y

Y
iemmm

= t-channel differential cross section of quarkonium production WV

000060000}

at threshold - promising channel to access the gluons

— GFFs are matrix elements of the proton’s energy-

momentum tensor (EMT) o
. Lorentz scalars > K “’\’V\(‘]\’V\"
— Gluon Form Factors (slope and magnitude)—> encode s=W2 = (P +q)? K

— _ p\2 _ _ 2
mechanical properties e.g., radii, pressure, shear t=FP-P)=@q-K

) V_ UV
(N'|Tét IN) = w(N") (.(“p”) *‘—P% : A”+.A”A T ./lg“” )uev)

Ag4(t): Related to quark and gluon momentum fraction; A, ,(0) = xgq

B, 4(t): Total angular momentum J, ,(t) = %(Ag,q (t) + By q(1)) D. Kharzeev Phys. Rev. D 104, 054015
Jiet. al. Phys. Rev. D 103, 096010
Hatta et. al. Phys. Rev. D 98, 074003

Cy,:(t): Pressure and Shear distribution D ,(t) = 4Cy 4(t) Mamo & Zahed Phys. Rev. D 101, 086003
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J/I¥Y-007 EXPERIMENT il G on7"

= E12-06-007 (J/W-007) ran in February 2019 (~ 9 PAC P =S T
days) & measured exclusive J/W photoproduction T ;ggg;;;;/ _Hﬁ .
cross section as a function of photon energy E, and t ‘:3 L E’EEH -EE] :
(the momentum transfer from initial photon to the ) | ﬁ; o Elegtron in SHMS
produced J/\V) N R T FE
8 8.5 9 9.5 10
— Scanned photon beam energy E, from 9.1 to 10.6 =G
GeV and [t| up to 4.5 GeV?. 5\*\(\;]\% 1-Drift Chambers
— High intensity real photon beam, generated from ., . au ;\?‘S« 2 \ g::ZgESEZZ%hthkov
. To beamdum -Calori
10.6 GeV electron beam traversing through a — > = , oa:§—’p Helormeter
Incident
copper radiator, was incident on liquid hydrogen beam
LH, target
target P03|tron in HMS
— HMS and SHMS used to measure the e “e* or
w ﬂ produced in coincidence from decay of J/W. v
i 4 Z.-E. Meziani, S. Joosten et al., arXiv:1609.00676 [hep-ex] Arg&ﬂlﬂﬁ&




MASS SPECTRUM FROM ELECTRON CHANNEL

Settings optimized for accessing broad range of t

ao7"

Al ph‘ase1 data 300 Al ph;sez data — Al ph;ses data 80; Al ph;se4 data —|
: Background scale: 1.61e-03 : Background scale: 1.50e-03 30} Background scale: 4.49e-03 _ E Background scale: 1.90e-03
200F Setting 1 1 b B L Setting 3 so-Setting 4 7
: - 20:— 7 40:_ N
9 28 3 32 34 86 28 3 32 34 9% 28 3 3.2 . %6 . = 3 55 34
M (GeV) M (GeV) M (GeV) M (GeV)
Clear J/¥ signal with minimal background
L & Setting2 i
: & Setting 3 . .
Settings | p (GeV) | 6(deg.) | p (GeV) 6 (deg.) R 47 Emseting 4’ HEB 7
1 4.8 17 4.95 19.1 high E/ low t g‘i i _ i_ i 1
2 4.3 20.1 46 19.9 mid E/ low t E EEEE __EEE] .
3 35 30 4.08 16.4 high t i e
4 4.4 245 4.4 16.6 mid t N T
8 8.5 9 9.5 10 10.5 11
E, (GeV)
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2-D CROSS SECTIONS- J/¥ 007 a7

- - - . . DK: Phys. Rev. D 104, 054015
Comparison with different model predictions

M-Z: Phys. Rev. D 103, 094010

G-J-L: Phys. Rev. D 103, 096010

S-T-Y: Phys. Lett. B 822, 136655

H-R-Y: Phys. Rev. D 98, 074003, Phys. Rev. D 100,
014032 JHEP 12, 008

arON =

100 ‘\& E,=(9.1, 9.25) | \\ E,=(9.25,9.4) | \,\. E,=(9.4,9.55) I '\\. E,=(9.55,9.7) I ‘\,‘\. E,=(9.7, 9.85)

S S \\ &

4 o » Ny TR ' St ' T
______ . {\T\fo“w~ #\i;f“““~ * \*;::mm“ f 'j\+:::m, + ‘\':%Zlf'

1072, GJ-L R et o~ :
~ ~ ~ N,

— - ST
H-R-Y (b=0)
H-R-Y (b=1)

| \"\.. E,=(9.85, 10.0) | T E,=(10.0,10.15) I }‘..EY=(10.15, 10.3) | %, E,=(10.3,10.45) .‘”‘ E,=(10.45, 10.6)

.. *\\ ] ff\ *H'\\\ P\
o Py | S| T iT 3 AN

do/dt (nb/GeV?)

=
= o
I
w

N

do/dt (nb/GeV?)

10—34

2 4 2 4 2 4 2 4 2 4
It] (GeV?) It] (GeV?) It] (GeV?) It] (GeV?) It] (GeV?)

(ENERGY Kt 6 Nature 615, pages 813—-816 (2023) Argonne &



https://www.nature.com/articles/s41586-023-05730-4

MODEL DEPENDENT EXTRACTION OF GLUONIC
GRAVITATIONAL FORM FACTORS

= Used two different approaches to perform extraction
(Mamo, K. A. & Zahed, I|. Phys. Rev. D 106, 086004):

Exchange of massive 2** (tensor) glueballs and 0** (scalar) glueballs

— GPD approach (Guo, Y., Ji, X. & Liu, Y. Phys. Rev. D 103, 096010): Gravitational form

factors linked to the first moment of Generalized Parton Distributions.
: D do B apwes (16mag)?
G dt T 4(s—m2)?2 3M3

[Ynr (021G (¢, I
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MODEL DEPENDENT EXTRACTION OF GLUONIC
GRAVITATIONAL FORM FACTORS

= Two form factors (tripole form) considered.

Ag(0) 600 = C,(0) 2 D fit to J/¥Y 007 data
() (&
mj mé

= Fixed 4,(0) to (x,) = 0.414 (CT18 global fit)

Ay(t) =

(nb/GeV?)

— my, C4(0) and m( determined from fits

— x?/n.d.f ~ 1 for both fits

do

= By(t) is assumed to be negligible

: C_g (t) is not included the extraction of GFF and gluonic radii
—CM+C,()=0 Hatta et al. JHEP 12 (2018) 008, & Tanaka, K. JHEP 03 (2023) 013
g q

B. Duran et al., Nature volume 615, pages 813-816 (2023)
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GLUON FORM FACTORS Tl /. // 4

.......... Lattice
0.41

Extraction from J/¥ 007 experimental data *‘|
: *Note: G-J-L form factors have

0.3 \ been updated (later slides-
b PhysRevD.108.034003)

Aqg(k?)

« Agy(t) and D,y (t) = 4C4(t) extracted from 2 D fit to data. LR
» Holographic approach (M-Z) : (Mamo, K. A. & \
Zahed, |. Phys. Rev. D 106, 086004) )

* GPD approach (G-J-L) : (Guo, Y., Ji, X. & Liu, Y.
Phys. Rev. D 103, 096010) 108

-1073

« Lattice predictions: (Pefkou, D. A., Hackett, D. C. & %
Shanahan, P. E. Phys. Rev. D 105, 054509) L
. . . . : D,(t)is found to be
Lattice predictions in very good agreement with il negative in the
extractions using Holographic QCD approach ° measured range
05 10 15 k22.(zGeZ‘./.’;) 3.0 35 4.0 45

B. Duran et al., Nature volume 615, pages 813-816 (2023)
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MASS AND SCALAR RADII FROM J/¥ 007 DATA

Using model dependent extraction of Gluon Form Factors

Theoretical approach

,,,,,,

Holographic QCD 0.755+/-0.067 | 1.069+/-0.126
GPD 0.472+/-0.08%  0.695+/-0.162

Lattice 0.746+/-0.055  1.073+/-0.114

© * Mass radius is found to be smaller than
1 dA,(t 1 C,0) |.. o
(ti)g =6 20 5t ~ 670 LZ/I( 2) 2"" exchange charge radius in both approaches!!
) = g N
1 dA. () =0 1 C(0) * Holographic QCD approach gives scalar
2y _ g g
() = 6 4,00 dt | _, - Ag(0) M2 |0** exchange radius close to 1 fm (larger than charge
radius) —> Consistent with lattice predictions

10 Argonne &




UPDATED GPD MODEL EXTRACTION

Aqg(k?)

0.5

0.4].
A\

0.3

0.2

0.1

-10-3

-1072

Dy(k?

-107!

=~ J/¥—007 using M-Z approach
—— J/V —007 using G-J-L approach
« Lattice

- 10°

05 10 15 20 25 30 35 40
k? (GeV?)

National Laboratory is a
rtment of Energy laboratory
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4.5

0.5

0.3

Ag(k?)

Dy(k?2)

0.2

1073

1072

0.41

5

~~~ J/W—007 using M-Z approach
—— J/V —007 using G-J-L approach
Lattice

RV

100 4

05 10 15 20 25 30 35 40 45
k? (GeV?)

11

/)4

Updates based on recent paper
from Guo et. al. Phys. Rev.
D.108.034003

Factor of 2 missed in hadronic
matrix element — G(¢,t)

The A4(t) in better agreement with
lattice predictions and holographic
model extraction

The Dy(t) uncertainty is reduced
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_7_(energy) momentum

PRESSURE AND SHEAR DISTRIBUTIONS

Anisotropic spatial content of EMT
.. 1 .. .. 1 .. ¢~ {density)
Tl;] (T') = §5L]p(7") -I— 7’«\'l7’,‘.] — _5’-,] S(Tv) g Ttl)l T02 703 .
o e |

0.025] .
_____ JIV = 007 using M-Z approach 0.061 P25(r) = — — ri(liﬁ(r)> T Wl
~—— J/W =007 using G-J-L approach dmy dr\rdr
0.0201 g, m= Lattice
7 AN 0.051
17 3 \
c ooy 0 | TP T Enyrzar T ar «) '€ 0.04
€ 0010 f &\ = N
> . "-:' "' \ ; \\\ ~ d3A :
3 g 0w < BOY [ e 2D me)i (=t = 1 = )
2 0.005) i A 9 o0.03
< ; b\ S \
E [;l \ ‘\\ ‘:‘UT \\\\
L o0.000k Y .| L o.02 . \
\ \ /‘“ﬁ:‘ﬂ,-‘ﬁ Sad \ \\
\ \ S0 Z - \\ \\
0.005 \'{" N 7 N\,
. \ \\\ /~(‘ /’/” 0.011 \ \\\
“““ Ntz
-0.0101 0.00 S,
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
r (fm) r (fm)
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DOUBLING STATISTICS FROM J/W-007 007"
EXPERIMENT

Adding more data from muon channel

J/psi invariant mass distribution (phasel)
T

400
=01 Setting 1 :
i
300 i i \k
aaaaaaaaaaaaaaa =0.1784 k?g
2501 ~ ‘
s H

Invariant mass

= Analysis cuts optimized to select muon sample
= Setting 1: sweet spot for Cherenkov threshold. 7’s do not radiate and u’s do.

Settings | p (GeV) | 6(deg.) | p (GeV) 6 (deg.)
1 4.8 17 4.95 19.1 high E/ low t
2 4.3 20.1 4.6 19.9 mid E/ low t
3 35 30 4.08 16.4 high t
4 4.4 245 4.4 16.6 mid t Argonne G




2D CROSS SECTIONS USING MUON CHANNEL

Excellent agreement with electron channel result!

do/dt (nb/GeV?)

do/dt (nb/GeV/?)

:

E,=(9.1, 9.25)

E,=(9.25, 9.4)

E,=(9.4, 9.55)

E,=(9.55, 9.7)

fH

E,=(9.7, 9.85)

“T

It (GeV?)

e

ao7"

E,=(9.85, 10.0)

E,=(10.0, 10.15)

E,=(10.15, 10.3)

\bmo

E,=(10.3, 10.45)

E,=(10.45, 10.6

&4
4 ? t i
1 2 3 1 2 3 2 3 2 3 1 2 3 4
It] (GeV?) It] (GeV?) It] (GeV?) It] (GeV?) It] (GeV?)
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FORM FACTORS - UPDATED WITH MUON ao7”
CHANNEL DATA INCLUDED

Excellent agreement with electron channel result!

0.5 1073

——~ J/W —-007 using M-Z approach
—— J/V =007 using M-Z approach u+e

e Agrees well with
107 electron channel results
Significant impact on
Dy(t) (=4Cq(t))

Agy(k?)

parameters Relative error

Jly—eet JIy—eetor upu*

mp 4% 3.5%
1009
C4(0) 28% 12%
me 18% 11.3%
. |
1 2 3 4 1 2 3 4
k2 (GeV?)

§*77%, u.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory 1 5
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PRESSURE AND SHEAR DISTRIBUTIONS ao7"

After including the muon channel data

0.031
——= J/W —=007 using M-Z approach
—— J/V —007 using M-Z approach (u + e) 0.071
0.021 0.061
= —~0.05
E E
> 0.011 2 0.04
o o
= <0.03
NQ NU)
~ 0.00 =
0.021
0.011
—0.011
0.00
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
r (fm) r (fm)
More results from J/yp 007 to be published soon!
(WENERGY It 16




SUMMARY

= Extraction of gluon Gravitational Form Factors (A4(t) and
Cq(t)) from J/y 007 experiment

— Electron channel results already published

» Hinting towards a picture of proton with dense
energetic core

» Consistent with Lattice predictions

— Preliminary results from analysis of muon channel
* Nice agreement with electron channel results
- large impact is seen on the Cg(t) form factor.

= Extraction of gluonic pressure and shear distribution inside
proton for first time from experiments

» Finalizing results from muon channel data
— To be published soon!
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THANK YOU

ST,
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QUESTIONS?

ST,
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12 GEV EXPERIMENTS AT JLAB




J/¥Y PHOTOPRODUCTION KINEMATICS

/

tmax
12 B do
h 1o-at0t'(W) B j dt
N tmin
S 8y
D
S 6
=z |
Lorentz scalars 0 /}' 2- 3 £
S:WZZ(P‘l'Q)Z £ /—f\/\/\/\z\/\/\/\ 01 e
t=(P—P)* =(q—K)* K ¥ 4.0 42 4.§1N (Gev‘;.e 48 5.0
* Phase space for J/¥ production is limited by t,,;,, and t,, 4, J/W¥ threshold
tnin =2 J/¥ in the forward/ along the direction of photon W =~ 4.04 GeV

tmax =2 J/W in the backward/ along the direction of proton Eﬁab ~ 8.2 GeV

"7 % U.S. DEPARTMENT OF _ Argonne National Laboratory is a o
q @ ENERGY U.S. Department of Energy laboratory r On ne
e managed by UChicago Argonne, LLC. A OININE Sy




J/'¥Y PHOTOPRODUCTION NEAR THRESHOLD AT

HALL D

PRL 123, 072001
G'—UE 3, 07200
10° T \ (2019)
102 3 . c% X/ ndf =0843/5
" 5 __ Cross section well % slope = -1.67 = 0.35 GeV™
5 < Comall 75 constrained at higher 5 1 -
S s SLAC'75 - _ 3
= 5 CERN NA-14 3 energies.
10 v FNAL E401 ]
o FNAL E687 . i i
2 Y Hi Combi . Experimental data lacking -
10" ZEUS Combined (y*) |5 . >
+ LHCB14(UPO) | G near threshold region. RPN R R o
] el ] 0 0.2 0.4 0.6 0.8( )G1V2
-(tt ).
102 10° °
\_ W (GeV) AP
<10 o
= o8 T
z ST
T 4 /“;' 5 ]
: t
» First to measure J/y at JLab. 2 o T o L=z
& 180 w55 s o0 e | 1 Wﬁ : b
« Reported 1D differential cross section &5} 1 Ppf e e
1200} *F Ry —A— Cornell
do 122: m‘f— ﬁ' X : ——— Kharéeevetal.x2.3
. . Bl { N —— JPAC P}(4440
- |n E—y bln (1 O GeV - 11 8 GeV) UptO 60F- / _— incoheréﬁﬂsun)]of:
dt 40f ; ,Z P R N - 2g exch. Brodsky et al
20F | 10° /i s st G annr o [ 3g exch. Brodsky et al
t =1.4 GeV? Trs e e e B9 10 E, Gev 20
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GLUEX 2023 DATA AND RESULTS GrLue

R . S.Adhikari et al. (GlueX), Phys. Rev. C 108, 025201
2 D differential CS ’

= 2 D cross section in 3 E, bins between

8.2 GeV - 11.4 GeV compared to 30 % e ey
closest energy bins from J/y 007 CON ? 82 < E. <928 GeV
y . = . 14 '
" 2.2k J/l]J S (Slmllar to J/LIJ 007 ] 0 } 9.1 < E, <925 GeV I
experiment electron channel : ; 8y ®J/y 007 Exp.
measurements) I f [ | GlueX (202
= Scale uncertainty- 20% for GlueX and @ l 6f
(e e T R TN B N TR B PR S ~ r
4% for J/yp 007 1 2 3 4 e <ol
. . -t [GeV? () L
= Good agreement within error T F} — Q.
= Note differences in average _‘ié F f%ﬁ e QPP (E,) =978 GeV !
. % L 4 ——gP7" (E,) =9.93 GeV L
energies S.L Tﬁ % 928<E,<1036GeV 2}
g t19.7 < E, <9.85GeV
" F Y
1 D integrated CS ; i 5 < E, < 10/GeV :
'E 10 02k \ 8.5 9.0 l 9.5 10.0 110‘5 11.0 ,
§ E E(b) I I I L L L 1 Eb(GeV)
§ - 1 2 3 4 5 6
T L -1 [GeV?]
a 1 % | ¢ —e— GuiX (E,) = 10.82 GeV
% - g 1é %?% e gO7" (B,) = 10.56 GV
i s % '+ 1036<E, <11
‘ Sl
107 / e eu g t 1045 <E, < 10.
E v —8— SLAC E 3 Y
u T 2 —A— Comell [ <+
I J 555 GPD (Ivanov, Sznajder, Szymanowski, and Wagner) ) i
) ~ - - GPD and LQCD (Guo, Ji, and Liu) e
— ‘ "o f !
8 20 S T S S M AN S

o izs E, [GeV] 24 41GeV?] Argonneﬁ

NATIONAL LABORATORY




VARIOUS MODEL DEPENDENT EXTRACTIONS

Radius (from D. Kharzeev’s approach) and Ma/M (from Ji’s mass

decomposition)

1072

1073
10°

107!

1073

E,=(9.1,9.25)

N

P

— dipole fit

E,=(9.25,9.4)

E,=(9.4, 9.55)
N

7/
7

E,=(9.55,9.7)

'w

. E=(97,985)

A Al

=

E,=(9.85, 10.0)

X

E,=(10.0, 10.15)

/

E,=(10.15, 10.3)

/f

E,=(10.3,10.45)

{

. E,=(10.45106) |

/|

2 4
It] (Gev?)

2 4
It] (GeVv?)

- J/V-007 (dipole) - J/V-007 (dipole)
<% GlueX @ J/V-007 (exp.)
115 R., PRad % GlueXx
11.0
R. Wang et. al
1| — (2020) L
< 105 DR
[0} =
o —e1 - —
W 10.0 I )y
9.5 - .o
o R
9.0
Lattice (2021)
832 02 06 0800 0.1 0.2 0.3
radius (fm) Ma/M
Charge radius: CODATA
Lattice radius: Pefkou, D. A., Hackett, D. C. &
Shanahan, P. E. Phys. Rev. D 105, 054509
GlueX point: Wang, R., Evslin, J., Chen, X. Eur.
Phys. J. C, 80, 507 (2020)
Approach: Ji, X. Phys. Rev. Lett. 74, 1071-1074

(1995)
Lattice Ma: He, F., Sun, P., Yang, Y.-B;, Phys.
Rev. D 104 074507 (2021)

do_ 1 1 (, 16w2M 2(;(1:)2
dt ~ 64ms |pycm|2 €2,
M Kharzeev, D.
G(t) =——— Phys. Rev. D 104,
(1 t )2 054015 (2021)
mg
2\_ 6dG 12
Yn)— —— = —
( m> M dtl=g mg

Flat region at higher energies beyond
E, = 9.7 GeV.
Good agreement with lattice in high

energy region.

Jr2) = 0.52 + 0.03 fm
M,/M = 0.175 + 0.013

Nature 615, pages 813—816 (2023) Arg&?,[IPQRQ



https://www.nature.com/articles/s41586-023-05730-4

RECENT LATTICE RESULTS
arxiv 2310.08484

(MS, u=2GeV)
§ total 7 s
te 037% ¥
& utd+s 027 ol %o b
0.14 200050
0.0 PO IIAPRA AP TT

0.5 1.0 15

(MS, p=2GeV)

7777 this work

[ BEG
-2.01 ‘ ‘ ‘ ‘

Duran et al. method 1

Duran et al. method 2
0.41 Guoetal.
\ I this work

0.2

—+—PDG

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

Ag (1)

—g
=—qg+g
R ——q
s il —<—¢q,BEG
Q Duran et al. method 1

Duran et al. method 2

— =21
—41 | Guoetal. ::
| ‘ ‘ | this worl‘( ‘ Q 34
0.0 0.5 1.0 1.5 2.0
—t[GeV]? —44
-5
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Possible BG considerations:

cent, mntande et

e ntisdominantand 7~ 7t ore”et 100~

negligible

* Measured the background!

Available in the data sample due to

the no PID trigger.

BG Event Selection:

* Coincidence ezt background

selected using electron PID in the

SHMS and pions in the HMS.

¢ electrons: Calorimeter

* pions: Calorimeter + Cherenkov

BACKGROUND CONTRIBUTION

Al phlase1 data 1 300 All phlast32 data -
: Background scale: 1.61e-03 : [ Background scale: 1.50e-03 ]
200 ] o KIN 2 ]
! , KIN1 {20 ]
signal signal
background r background

N 100 -

1 V\DJL 1 L 1 L 1

9 28 3 3.2 34 9% 28 3 3.2 3.4

M (GeV) M (GeV)

T T T T B T T T
o All phase3 data - 80— Au prosisnmr soanna —
30 | Background scale: 4.49e-03 ] | Background scale: 1.90e-03 71
signal eor ]
5 KIN 3 KIN 4 1
201~ background . signal ]
g 40~ background ]
10 . a0k b

L L | L b il Lo 1

96 28 3 3.2 34 96 28 3 32 3.4

M (GeV) M (GeV)

* Fit BG shape to the sidebands of the signal to obtain the BG scale.
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HaI D GlueX experiment — first to measure J/¥ at JLab
(PRL 123, 072001 (2019))

Hall B CLAS12 has experiments to measure TCS + J/y
B eNgdePradustion:.,

Hall C J/Y 007 experirr»i’ent - first to extract GFF and mass radius of
proton (Nature 615, pages 813—-816 (2023))

Hall A has SoLID E12-12-006 experiment approved to

measure J/W via electroproduction and photoproduction
28 Argonne &
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SENSITIVITY TO T AND S CHANNEL

7%, U.5. DEPARTMENT OF  Argonne National L
(Z ENERGY E5niad
pNCP managed by UChic

t-channel prodyction mostly
forward (exponagtial-like t-
dependence)

It -¢.l

\ 2

[ojcfo‘/o(l'

s-channel production
more isotropic
(flatter t-dependence)
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Slide fro Zein-Eddine

HIGGS MASS CONTRIBUTION TO THE PROTON

Pion-Nucleon Sigma Term
orn = (N(P)|myiiu + mqdd|N(P)) = (59.1 + 3.5) MeV

Strangeness content

os = (N(P)|m,5s|N(P)) = 41.0(8.4) MeV

Atalk by UIf-G Meil3ner at the 3 Proton Mass Workshop, Jan 14-2021
https://indico.phy.anl.gov/event/2/

Consequence for the proton mass: About 100 MeV from the Higgs, the rest is

gluon fleld energy Hoferichter, Ruiz de Elvira, Kubis, UIf-GMei3ner Phys. Rev. Lett. 115 (2015) 092301
[arXiv:1506.04142] Phys. Rev. Lett. 115 (2015) 192301 [arXiv:1507.07552] Phys. Rept. 625
(2016) 1 [arXiv:1507.07552]

7%, U.S. DEPARTMENT OF _ Argonne National Laboratory is a
ENERGY U.S. Department of Energy laboratory 30
izt managed by UChicago Argonne, LLC.
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G = gi{ (- 5z ) 2
— 2E5(Hy + Eo) + (1 — &%) (Ha + E2)2} , (26)

where Hy = FE5(t,€), Ey = Es(t,£) are defined in
eq. (23). Combining with eq. (17), the cross section of
heavy vector meson photoproduction can be expressed
in terms of those gravitational form factors. This result
agrees with the holographic QCD predictions [16, 17] that
the leading contribution to the cross section is due to ex-
change of 27 excitations, or the spin-2 twist-two opera-
tors, instead of the 0 F2 operators suggested in [3, 7].
However, in the holographic approach the twist-2 part of
the gravitational form factor is dual to the graviton ex-
change and is free from the Cy contribution. This differs
from the generic QCD parametrization in eq. (24). Be-
cause of the EMT conservation, the quantum anomalous
energy F'? form factor can be related to the twist-two
ones here. If the further limit £ — 0 is taken in eq. (26),
only the A form factors are leading and all the results
agrees. However, this is inconsistent with our approxi-
mation here.

Argonne National Laboratory is a
U.S. Department of Energy laborator

7T, U.s. DEPARTMENT OF
(ZJENERGY niiiiinnine
Cizs? managed by UChicago Argonne, LLC.
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DVCS DATA FOR QUARK DFF
arxiv: 2310.11568
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The mechanical radius of the proton qob
V.D. Burkert,! L. Elouadrhiri,»? and F.X. Girod! i /
!Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA -1.4 /
2Center for Nuclear Femtography, SURA, Washington, DC, USA / ;
(Dated: November 7, 2023) : // / ///// :
L . . . _1.67% 004 7 74 /
We present the first determination of the proton’s mechanical radius. The result was obtained % //// ///////
by employing a novel theoretical approach, which connects experimental data of deeply virtual / %// /% / '//
Compton scattering with the spin J = 2 interaction that is characteristic of gravity coupling with 0 005 01 015 02 025 03 035 0‘1t (G eVZ)

matter. We find that the proton’s mechanical radius is significantly smaller than its charge radius,
consistent with the latest Lattice QCD computation.

FIG. 2: The form factor D(t) as determined in the fit to
the DVCS data. The hatched area represents the systematic
uncertainties.
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