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Neutrino Experiments
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Neutrino Flux:
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Neutrino experiments are difficult
* Large beam energy spread
* Small cross sections

Need GENIE to extract the neutrino flux from data

How to validate GENIE?

Physics process
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Electrons vs. Neutrinos

* Monoenergetic
* Larger cross sections

e Similar interactions

e Electro-weak
* Currents

If GENIE can describe
neutrinos, it can describe
electrons

e

EM Current:
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Charge-Coupling Weak Current:
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I\/I O d e | D e S C rl pt | O n S Resonant Production Non-Resonant Production

, Nucl.Phys. A645 (1999) 145-174 'y N'\ /« 'y Nyn

Onepigen arXiv:nucl-th/9807001v2 A

* Single pion event generator | l

: : N N
 MAID2007 unitary isobar model
Eur. Phys. J. A34, (2007) 69-97 :

GENIE DIS Production

* Phenomenological semi-classical event generator 3 X n

* Quasi-elastic scattering PRD 103 (2021) 113003

* Baryon resonance production (Berger-Sehgal) PRD 76 (2007) 113004

e DIS and non resonant production (Bodek-Yang)
J. Phys. G: Nucl. Part. Phys. 29 (2003) 1899-1905

Compare data to models run through GEMC

Average radiative corrections (Rad/NoRad) calculated using onepigen
n*: 0.65 + 0.07
n:054+0.1
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Fiducial Cuts
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Vertex Cuts
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Run Selection

Number of Trigger Electrons / Faraday Cup Charge
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*» Secl = Sec?
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Systematic Uncertainties

e Radiative 20% of correction

sec

sec
1 1
. L. — _ v VA 2
e Sector-to-sector variation var = 42(” =5 L0
l

i

* Normalization 10%?
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Future Work

* Finalize

uncertainties
* May effect final

cuts

e Add more

onepigen events

e Graduate

This will help

Higher P,
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Radjative Corrected Cross Sections

improve GENIE

v TC+
ur
+ 1 ++].
- L
++ +++++ t
. - w‘:"" 1 .:- *
+ s
'FH]. _# Ty 4r PR HH++
| 1% LY _]_ & -{.-J-}_I;H_ 'I'
11' .ﬁiji:- ++ +* .lﬂ' ; 'H'+ -
P, 4 2F ; ++-|+
Sl P + . ++f +
e +..., - 'l'.,-H:" - =
£ o .
gttt = M - 4=+ . -
+"'H+H‘N- 'H'
yy, ++
+ by
= # ey 4 [~ + 'I-I-_‘_+
+ 'H'I'H"’; * + -
P ot }
A B :
- A= + 2 +~..§.- > +
+++.‘;..a -1-++ + A +++
+ - + . E ]
o ."""'- - ot hd iy,
o - ot - - L e
kg -+
. ¥ 1q.M+ ++ + -||I-|++*|-+-|."‘|:|.+++-I-|- N
A 5 UL
L, P aat
B . &I-,l . +{. "'H'Jﬁ‘ Al
o \\ bty ¥
s || S
o™ o i
o= * * *. . *
o - e = . -y,
i N o TN el - 1 e,
1.5 2 1.5 2
W (GeV) W (GeV)

D(e,e’) Q2= 0.43 GeV?

S

S

S 40

7

~

=20

S
c:lz 8 1 | ]

g 0 0.5 1 1.5

Energy Transfer [GeV]

2 wﬁlﬂ
1 &éﬂﬁ'ﬁ;ﬂﬁ*‘j
#*i‘“"ﬁp} y .
+ : +-|—+ +
..-b-"':'"“’f:'-.‘ h.m—
T +
+"'+ K
L o ++ -H;!-i “:JFH{.H\L}
= il 'VT H &
2+ Eal ,:@{:«;!nf*‘—lr"«”*‘**"j 0.5¢ S et o 1
:‘ﬁ‘;‘f&\ oA + by
i hﬁ- + .|.+-!-l"' 'H'ﬂ- + y
-""*t* o, - - .¢+ oty *
O - 1 ‘""“""‘"—"'""h_ 0 PP | g bt
1.5 2 1.5 2
W (GeV) W (GeV)

16



Backup Slides



Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections
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Higher P,
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Higher P,

Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Pion Physics t o T

DEEP INELASTIC
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2 2 2
o 2 Q4 300 Mev

2A Zm  2m

* Mesons consisting of combinations

, et+p—e+n+7t e+n—e +p+m
of u and d quarks and antiquarks

e+p—e+p+a e+n—e +n+mn°
 Commonly produced in scattering
. 3 ) boat
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W = \/M% + 2Myw — Q?

52



CLAS12 o e

Region 2

 Forward Detector:

* High Threshold Cerenkov Counter
(HTCC) identifies scattered

Region 1 '

electrons
* Drift Chambers (DC) measure CTOF
charged particle momenta Beam

* Forward Time-of-Flight (FTOF)
measures time-of-flight of |
charged particles Solenoid

e Electromagnetic Calorimeters (EC)
identifies scattered electrons

* Includes Pre-shower Calorimeter
(PCAL)

SvT

e Central Detector:
Not used in this analysis
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FTOF Best Fit

L
At = tstart time — [tFTOF - m] ;Bn(p) =

p

Jo7+m
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DC Fiducial
Cuts
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EC Fiducial Cuts

Required V, W > 14 cm (removed outer

2 bars)

— 04 h2 EoP Ucut
> L Entrigs 212111
Q ~ Mean x 121.5
) L After CutS Mean y 2384
— 035 — Std Doy x BE.O1
(a8 - CL5td Dev y  0.02047
S ..F
03—
Q |
© ~
(W} C
025 —
0.2 :—
0.15 :— : 1
v v b by b by ey b by oy by
0.1 - 50 00 U [cm]

Edep/P [GeV]

Edep/P [GeV]

04 h2 EaP Vcut
L Enfrie= La3san
~ Mean x 15.56
- Mean y 0.2293
03s— Std Davx 6117
- Std Dev y 0.02337
03—
025 -
02 :— H
C o
015 :—
% 10 15 20 25 a V [cm]
Cut
04 h2 EoP Wecut
L Entrigs LO3EE0
~ Mean x 18.8
- Mean v 0228
035— Std Dewx  6.675
- Std Dev y 0.02272
al—
0.25 —
02— ;
B 1
015 :—
111{! — 0 15 20 25 — 30 W [Cm]




Electron and Pion z Vertices
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Electron Perpendicular Vertices
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Pi+ Perpendicular Vertices
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Pi- Perpendicular Vertices
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Vertex Z Difference
(Electron — Pi+)

Fitted with gaussian
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Vertex Z Difference
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Vertex Z Difference 2
oY 3
(Electron — Pi+)
Fitted with gaussian
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Vertex Z Difference
(Electron —

Fitted with gaussian
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D(e,e’pi) Cross Sections

dbo , .
Nepents = 10,40 dE'dT, AQpAQ  AE" ATy * Note g, * correction factors

What we want

d%o

Nepents = dWdT.
T

AW ATy * Netege * correction factors

d%o = Nevents * corr. factors
dwdT, AWAT,L '
Our formula
Qtot ptgtltgtNA
L= Ne * ttgt Ne — - ttgt —

de mOltgt



Radiative Correction

e with onepigen

onepigen
— CS norad
onepigen
CSrad

RC

CSfstea = CSfes® « RC

15 2

Radiative Events
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10~F =

10°F

Uncorrected Inclusive Cross Sections
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Systematic D(e,e’

Uncertaint
Y o
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Used similar procedure for semi-inc. cross sections -



All sectors divided
by Sector 1

SysUncg,. = \Jvar
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1 sec 1
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Used similar procedure for semi-inc. cross sections
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