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HeneptypbaTtnBHas obnactb OTBETCTBEHHA 32 DOPMUPOBAHME CTPYKTYPbI HYKIOHA U
HYKNOHHbIX PE30HAHCOB. AHaNM3 OCHOBHOIO N BO30YXAEHHbIX COCTOSIHUN HYKINOHA
OTKpPbIBaET AOCTYI K UCCIEA0BaHUIO CTPYKTYPbl OAETbIX KBAPKOB U MMHOOHOB C PACCTOSAHUEM.
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Yckoputenb CEBAF un petektop CLAS
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CLAS Physics Database

(co3naHa B Konabopaunn mexay Hall B at Jefferson Lab n O2MNBAA HANAD MITY)
l n .u. Experimental Hall B Additional search criteria:

Spokespersons:
- Year:
CLAS Physics Database
JlLab | Search | Overview | Login | Edit | Register Experiment identifier(s):
Search form for the data related to the CLAS physics Text table options
You are not logged in. Login. Show results as a plain text table Show average value for W, Q2 ranges
Add W and Q2 columns How to save text data

Beam:
any v
polarization:

none B

Q?min, [GeV]2:
Wmin, [GeV]:
Xmin+

EYmin, [GeV]:

Quantity
measured:

Select reaction:
[-]1_Search Results Table Composition

Target: Final state: - - -
any - any - Available fields: Fields selected for output:
polarization: polarization: Final state peclarization > Measurement identifier
any v any v Beam < Final state
. . Beam polarization >> 2min
Select kinematics range: b Qn
Target < Q‘max
Search for average values Target polarization W min
Q2maxs [GeV]2: % min Up || W max
- = X max Quantity
Wmax, [GeV]: . L7 . .
Ey min Experiment title
Xmax- Ey max Authors
W Year

E¥max, [GeV]:

Select observables: Limit: | 100 v || Clear form | | Start search Results in a new window

do/dQ (exclusive)

e clas.sinp.msu.ru

sigma

sigma (quasi-free)
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https://clas.sinp.msu.ru/cgi-bin/jlab/db.cgi

f= w [ %

76244
76245
76246
76247

76248

Ebeam

1.64

1.64

1.64

1.64
1.64

2.04
2.04
2.04
2.04

2.04

ba3a AaHHbIX MO AUC

W

1.1000
1.1000
1.1000
1.1000
1.1000

1.7875
1.7875
1.7875
1.7875

1.7875

76249 rows x 7 columns

Q2 cos_theta

0.40
0.40
0.40
0.40
0.40

0.65
0.65
0.65
0.65

0.65

-0.9
-0.9
-0.9
-0.9
-0.9

0.9
0.9
0.9
0.9

0.9

hdepeHLUnanbHbIM CeYEeHUSM

peakuumn y,p — pr’

phi dsigma_dOmega

0.261799
0.785398
1.308997
1.832596
2.356194

5.105088
5.366887
5.628687
5.890486

6.152286

0.912000
0.175000
1.650000
0.560000
1.130000

0.497479
2.774690
9.130680
2.657480

8.551600

error

0.982353
0.356108 0
2 = AE_E]sin® == - xkBagpaT nepefaHHoro
2.769879 ? ere 2 AP PeA
YyeTbIpEXMMMNYNbCa BUPTyanbHOro goToHa
0.979330
E,, E; - aHeprusi Ha4yanbHOro 1 paccestHHOro
0.909689 3NEeKTPOHOB
!/
0, = arccosp—f - YIon paccesiHus 3neKTpoHa
0.107885 Ee
0426000 W =My +2M,(E, — E;) — Q? - nHBapuaHTHas
Macca KOHEYHbIX aJpOHOB
4.529040
2.404660
6.940400

E, € [1.64;2.04;2.44;5.75] 3B
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AndpepeHumanbHoe cedeHne poXxkaeHus
OANHOYHOIro NMUOHa

BHPTYaJIbHBIH
IIPOTOH doToH

do do Aot
Yv __ u
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d.QT[ d d.Q ¢ \/ ( ) d.Q ¢ HaJIeTaIOIHIT
AIEKTPOH
do, do; + doy /
g_
dQ, ~dQ dQ,; —
nnn B bonee KOMMakTHOM BI/IJJ,e dQ = A + Bcos2¢ + Ccosg < e .
n \\\\
doy dor 4oy doy Ao Henonspy“3oBaHHasl, MonepeyHas p
) ’ ’ ) - ’ ; paccesiHHbII
AdQg  dQg dQp dQmp  dQp \ 3EKTPOH
npogonbHada,  MPOAOSibHO-MonepeyHasl,  nonepedyHo-nonepevHas POTOH
CTPYKTYPHble (DYHKLUMM COOTBETCTBEHHO .
6, — NONApPHbIN YroNl paccesaHUs aneKkTpoHa
N @ — Yron mexay nioCKOCTb paccedaHus
= (1 + 2 (1 + ) tan? 2) — NonsipM3aumsi BUpTyarnbHOro ooToHa 3MeKTPOHA U MIOCKOCTbI0 peakLmm

v = E, — E/ - nepefaHHas anekTpoOHOM 3Heprus
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Llenb paboThl

Llenb HacToslwen padboTbl 3aknto4aeTcs B MNOCTPOEHUM
anroputMma anga onucaHma gudepeHumnarnbHbIX CeYeHunn,
CNOCODHOro OCYLECTBNATb HAOAEXHYIO MHTEPNONALNIO AaHHbIX B
NATUMEPHOM MPOCTPAHCTBE

Ee,QZ’W, COS 97-[,(,07.[ } :{ MOD,eJ'Ib } -
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, MKB/Ccp

do_dQ

, MKB/Ccp

do_dQ

MpeackasaHHble AnddepeHLUmanbHble CEYEHUS peakunn y,p — p ¥

(anroput™ XGBoost)

*

— ﬂpe,ucr(a3aHHb|e OaHHblE

SKCnepuMeHTanbHble fAaHHble. E.: 1.64, W: 1.28, Q% 0.525, cos 0: 0.3
—— OnTHpoBaHHble AaHHble

*

JKcnepuMeHTanbHble danHele. E.: 2.04, W: 1.2875, Q*: 0.65, cos 6: -0.5
OUTUpOBaHHbIE AaHHble

ﬂpe}]cKaBaHHb\E JaHHble

=

d
dutnposaHue: % = A+ Bcos2¢ + Ccosp
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9. pal 9, pan
«  JKCnepuMeHTalbHble faHHble, E=: 2.44, W: 1.26, Q% 0.9, cos 6: 0.1 175 «  JKCnepuMeHTaNlbHble faHHble, E: 5.75, W: 1.23, Q% 3.0, cos 6: 0.1
OUTHPOBaHHbIE AaHHbIE OUTHPOBaHHbIE AaHHbIE
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o
o
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9. pan 9. pan
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14

<]

[1lpeacka3aHHbIe

(NONHOCBA3HAast HEMPOHHAsA CETb)

nnddepeHUnanbHble CeYEeHNs peakumn y,p — p m°

— ¢MTMPOBaHHbIe OaHHbIE
— HpeucmaaaHHble OaHHble

*  DKCnepuMeHTanbHble faHHble. Ee: 1.64, W: 1.28, Q% 0.525, cos 0: 0.3 7

*

JKCnepuMeHTaNbHblE AaHHble. E-: 2.04, W: 1.2875, Q% 0.65, cos B: -0.5
QUTUPOBaHHbIE [laHHbIe

HPEJ]CKﬁZiﬂHHbIe OaHHble
! T
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- *  DKCnepumeHTanbHble AaHHble. Ee: 2.44, W: 1.26, Q% 0.9, cos 6: 0.1 14 *  JKCnepUMeHTanbHble AaHHble. Ee: 5.75, W: 1.23, Q*: 3.0, cos 6: 0.1
—— OUTUpOBaHHble faHHble —— OuUTUpOBaHHbIe faHHble
; — [peackasaHHble AaHHble 12 — [lpenckasaHHble faHHble
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[peackasaHHble HEMONAPU30BaHHbIe CTPYKTYPHble (DYHKLUNN peakuuun y,p — p m°

(NONHOCBSA3HAs HEMPOHHASA CETb)

*  DKCNnepvWMeHTasbHble AaHHble. E.: 2.04, Q* 0.85, cos 6: -0.5

a [penckasaHHble baHHble
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W, 'sB
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AJ14

3aBUCUMOCTb METPUKN N (DYHKLUMM NOTEPb OT 3MNOXM
Ba/IMAALIMOHHOM N TPEHNPOBOYHOWN BbIOOPOK Npu 06yyeHUm
NOJSIHOCBSA3HOW HEMPOHHOW CETU

val_mae val_loss
— pi_0_p_dfpi_plus_n_dfe — MAE_Loss — Scaling — pi_0_p_df&pi_plus_n_dfe — MAE_Loss — Scaling
— Preprocessing =— Plane FCNN — Preprocessing = Plans FCNM
2
= 149: 8.508832 Flane FCNNM = 149: 1.84117 Plane FCNN
= 1409: 0.48836 Preprocessing 3 = 149: 8.93724 Preprocassing
1.5 = 149: B.0856018 Scaling = 149: 8.011863 Scaling
= 140: B.8852673 MAE_loss = 149: 0.0852673 MAE_Loss
1 = 149: 9.0030884pi_0_p d...us_n_df 2 — 149: 0.2030884pi _0_p_d...us_n_df
Press CTRL+C to copy this data
0.5 1
epocha epocha
1] 20 40 60 &0 100 120 140 0 20 40 60 80 100 120 140
train_mae train_loss
— pi_0_p_df&pi_plus_n_dfe — MAE_Loss — Scaling — pi_0_p_df&pi_plus_n_dfe — MAE_Loss — Scaling
— Preprocessing =— Plane FCNN — Preprocessing = Plane FCNN
2
= 149: ©@.5044 Plane FCNN 3 = 149: 1.87164 Plane FCNM
= 149: @.48287 Preprocessing = 149: @.92694 Preprocessing
L5 — 149: @.8053367 Scaling 2.5 — 149: ©0.810287 Scaling
= 149: 9.004959 MAE_Loss 2 = 149: 0.004959 MAE_Loss
1 — 149: @.802748 pi_0_p_d...us_n_df — 149: 0.002748pi_0_p_d...us_n_df
L5
0.5 !
0.5
epocha epocho
1] 20 40 60 &0 100 120 140 0 20 40 60 &0 100 120 140
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160831
160832
160833

160834

Ebeam

1.640

1.640

1.640

1.640

1.640

2.499
9.499
2.499

2.499

W Q2

1.10
1.10
1.10
1.10

1.10

2.01
2.01
2.01

2.01

160835 5499 2.01

0.4
0.4
0.4
0.4
0.4

4.0
4.0
4.0
4.0

4.0

160836 rows x 10 columns

Vb = pr’ ny,p onnut

cos_theta
-0.900
-0.900
-0.900
-0.900

-0.900

0.975
0.975
0.975
0.975

0.975

phi
0.261799
0.785398
1.308997
1.832596

2.356194

3.730641
3.992441
4.646939
4.777839

6.086836

dsigma_dOmega

0.9120
0.1750
1.6500
0.5600

1.1300

0.1012
0.1199
0.1578
0.2346

0.1250

error

0.982353

0.356108

2.769879

0.979330

0.909689

0.043165
0.076638
0.095391
0.158557

0.0777583

cos_phi
0.965926
0.707107
0.258819
-0.258819

-0.707107

-0.831470
-0.659346
-0.065403

0.065403

0.980785

______________

sin_phi ,’,react ion_type

0.258819
0.707107
0.965926
0.965926

0.707107

-0.5556570
-0.751840
-0.997859

-0.997859

-0.195090 '\\

1

:

______________

Epeam(Vup = nm™) € [1.515; 5.499; 5.754] 3B
Epoam (VoD = p T°) € [1.64; 2.04; 2.44: 5.75] T'aB

N
AY

O6beanHéHHasa 6a3a AaHHbIX NO AnddepeHUManbHbIM CEYEHNSM peaKLNK
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[pencka3aHHble anddepeHLUnanbHble CEYEHNS peakumMn y,p > nm™

(NONHOCBSA3HAs! HEMPOHHAsA CETb)

8 *  DKCnepuMeHTasbHble daHHble. Ee: 1.515, W: 1.45, Q% 0.4, cos 6: 0.4 *  DKCnepuMeHTaNbHble AaHHble. Ee: 5.499, W: 2.01, Q% 2.2, cos 6: 0.7
, —— QUTUpPOBaHHbIE AaHHble —— OWUTUpPOBaHHbIe faHHble
—— TMpeqckasaHHble faHHble oe —— TpeackasaHHble faHHble
o 6
5 g
S S o6
w ® 4
= =
-4 -
e} c
'DI 'UI 04
o* o
° o
: 02
1
0 T T T T T T 00 T T T T T T
1 2 3 4 5 3 1 2 3 4 5 3
¢, pan 0, pad
*  DKCnepuMeHTanbHble faHHble. E-: 5.754, W: 1.67, Q2: 1.72, cos 6: 0.5 *  DKCMNepuMeHTaNbHble AaHHble. E-: 5.754, W: 1.53, Q%: 2.44, cos 6: -0.7
—— OWUTUpOBaHHbIE JaHHbIe 1o —— ®UTHPOBaHHbIE JaHHbIe
20 —— TMpepnckasaHHble JaHHble —— TMpefckasaHHble JaHHble
o Q
S 8
15
X 4
= =
c o}
T, 10 °
bl OI 04
T o
05 02
0.0 00 T T T T T T
4 5 ] 1 2 3 4 5 6
0, pan

3
¢, pan

d
dutnposaHue: % = A+ Bcos2¢ + Ccosp

[
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[peacka3aHHble HEMONSPU30BAHHbIE CTPYKTYPHbIE (PYHKLMN peakUnun y,p > nm™
(NoNHOCBSA3HAs! HEMPOHHASA CETb)

* *  DKCnepumeHTaflbHble AaHHble. E-: 5.754, Q2: 3.48, cos 6:-0.3
4 s a [lpenckasaHHble LaHHble
.,
A A,
A 4 +
A A‘.
oo
g } ¢ o N }
E; t
0.
s t‘ Y LA 'a
- ‘A (] 'y
<, 2 s,
‘A‘ a,
ry LA }
M
. '
18
W, I'sB
*  JKCNepuMeHTanbHble faHHble. E<: 5.754, Q%: 3.48, cos 6: -0.3
a [lpenckasaHHble LaHHble
B : } } } +
S e, i } +
—0.
= ‘A‘A } & ay
0 - a } e +
a 0
gt |‘ *
W, I'sB
= JKCNepuMeHTaNbHble faHHble. E-: 5.754, Q*: 3.48, cos 6: -0.3
a [lpepnckasaHHble LaHHble
[}
g Py p bt
g t
4
: +
G

W, I'sB

A(E,, Q% W, cos0,) = 7 i

B(E,, Q% W,cos8,) = -

1
C(E,, Q% W,cos@,) = -

1 J’ T day, (¢r)
0

J-Z:*r dgyv (¢r)
0

1 (%" dO'],v (¢r)

d

a0, COS 2, Ay

di, COS P APy
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Pe3ynbTaTbl paboThl

YCUITMAMW HalLen Hay4yHOW rpynrbl Obin pa3paboTtaH anropuTtM Ha OCHOBE MOSTHOCBSA3HOW HEWPOHHOWN

ceTu Ans npeackasanusa andpdepeHumanbHbIX CEYEHUI ANEKTPOPOXAEHNA OANHOYHOTO NMNOHA;
anroputm 6bin aganTupoBaH Ana paboTbl ¢ peakumen y, p — p n;

KadecTBO paboTbl HEMPOHHOW CETU MNPOBEPAETCA MNYTEM MOCTPOEHUS 3aBUCUMOCTU CTPYKTYPHbIX

doyHKLMI OT MHBAPMAHTHOM MacCCbl CUCTEMbI KOHEYHbIX apOHOB UCCIIeayeMON peaKkuuu,

npon3BoanTCA Banugauna mogenu B npuMeHeHun K gaHHbiM getektopa CLAS no anekTpopoXaeHuo

NMOHa B peakumax y, p = nnt ny,p - pn’;

Bedeétca paboTa no ynydleHWo anroputma, B HacTosiee Bpemsi Moaenb oby4vaetcda Ha

oObeanHEHHOM 6a3e OaHHbIX, BHOCATCSA KOPPEKTUPOBKM B apXUTEKTYPY CETMU.
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[lybnunkauuns B XypHasne
Moscow University Physics Bulletin

Machine Learning Approach in the Prediction of Differential Cross
Sections and Structure Functions of Single Pion Electroproduction
in the Resonance Region

A. V. Golda'*, A. A. Rusova'?, E. L. Isupov®™, and V. V. Chistyakova'

'Department of General Nuclear Physics, Faculty of Physics, Lomonosov Moscow State University,
Maoscow, 119991 Russia
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Abstract—This work explores artificial intelligence methods in the task of predicting differential cross
sections in exclusive reactions of positively charged pion production induced by virtual photons. A fully
connected neural network devoid of any prior theoretical knowledge about the scatterring process was
trained on experimental data from the CLAS detector. We present a comparison of the network’s predictions
with experimental data in the form of graphs showing the dependence of differential cross sections on
kinematic variables in the excitation energy regions of nucleon resonances, as well as a comparison of
the structure functions depending on the values of invariant mass of the final hadron system. Based on
this algorithm we can interpolate both the cross-section values and structure function values in different
regions of phase space. The neural network approach preserves all correlations of the multidimensional
space of kinematic variables, it is model independent and does not consume any a priori knowledge of the
process, it is easily extensible to a high dimensional space, which can serve as a good basis for building
Monte Carlo event generators or detailed rection analysis.

Keywords: electroproduction, artificial intelligence, neural networks, differential cross section, structure
functions, CLAS detector
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» Experimental data. Params: Ebeam: 1.64, W: 1.34, Q2: 0.525, cos_theta: -0.3
Fitted data

—— Predicted data

dsigma_dOmega: microbarn/sterad

o 1 2 3 4 5 6
phi: rad
©
5 ] = Experimental data. Params: Ebeam: 1.64, W: 1.22, Q2: 0.9, cos_theta: -0.5
0 Fitted data
S—
C 144 —— Predicted data
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