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Neutrino Experiments and Validating GENIE

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

No(Eyoe L) = f Do (E, L) (E)f, (E, Eyor)dE

Measured Flux

Need GENIE to extract the neutrino flux
from data

Use electrons to validate GENIE models:
* Monoenergetic
* Larger cross sections
e Similar interactions

If GENIE can describe
neutrinos, it can describe
electrons

PRD 91, 072010 (2015)
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GENIE and onepigen Pion Production Models

Nucl.Phys. A645 (1999) 145-174

Oneplgen arXiv:nucl-th/9807001v2
* Single pion event generator Resonant Production
* MAID2007 unitary isobar model 't N\ /o
Eur. Phys. J. A34, (2007) 69-97 A
GENIE ) .

 Phenomenological semi-classical event generator
* 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

Non-Resonant Production

[’ N’ T

DIS Production
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Cuts, Corrections, and Uncertainties

Electron Cuts: Pion Cuts:
Electron PID Pion PID
DC fiducial cuts DC fiducial cuts
ECAL fiducial cuts Vertex cuts

Vertex cuts

Applied corrections and uncertainties
» Radiative corrections (GENIE) THANKS JULIAM!!

Replaces limited radiative corrections from onepigen
* Acceptance corrections (GENIE)
* Cut variance uncertainties
e Systematic uncertainties
* 10% normalization uncertainty (not shown)



GENIE Acceptance and Radiative Corrections

Acceptance corrections Radiative corrections WMLAW“Q
* Calculate correction bin-by-bin by * Calculate correction bin-by-bin by
dividing generated with detected dividing nonradiative with radiative
AC = GEEN, /Ggerr RC = G§&t,/GRes
* Uncertainty 10% of pion acceptance * Uncertainty 10% of correction
correction

SRC = 0.1 % (RC — 1)
SAC = 0.1 % (Goete /GEelm — 1)

Born


https://indico.jlab.org/event/928/#16-new-radiative-correction-so
https://indico.jlab.org/event/928/#16-new-radiative-correction-so
https://indico.jlab.org/event/928/#16-new-radiative-correction-so
https://indico.jlab.org/event/928/#16-new-radiative-correction-so
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GENIE Nonradiative Cross Sections
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=== Higher P
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=== Higher P
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d(e,e’n") Radiative Corrections
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d(e,e’)

Uncorrected Inclusive Cross Sections
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Cross Sections

* Includes radiative corrections, acceptance corrections, statistical
uncertainties, and systematic uncertainties

* Binning
° QZ
* Q*and 0,
* Q°and P_
* Q% 0,,andP,



D(e,e’nt) Cross Sections vs W binned in Q?
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Cross Sections

* Includes radiative corrections, acceptance corrections, statistical
uncertainties, and systematic uncertainties
* Binning
° Qz
* Q*and 0,
* Four Q2 bins: 0.7 — 2.5 GeV?
* Four 6, bins: 0° — 46°
* Q?and P_
° 2
Qs 0, and P,



Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections
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Cross Sections

* Includes radiative corrections, acceptance corrections, statistical
uncertainties, and systematic uncertainties
* Binning
° Qz
° 2
Q°and 8,
* Q?and P,
* Four Q? bins: 0.7 — 2.5 GeV?
* Four P bins: 0.7 - 2.7 GeV/c
[ 2
Qs 0, and P,



Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections

v 3 "‘" v ‘1 . 5 — 'v"' v
- | GENIE™, "y w 0.4+ v
B Yy Y‘ vy = 2 Y Z 1" v
. v .
i ‘ I , I N 0.2f .
2 v oot HIII i Data 1 Y m!;!!!!nﬂml 0.5 M ' !z
._:‘tfﬂ- s*  Onepigen M | T s, o
15F i . e Ty il "
10F ER " 3l o T j
Vs v: v 4 v '
i' ‘v i HH HI 2F vy L i
51 a;:IH HHIH}IIIIII;III i ) B | g 0.5 o
A y Ay -]‘.
u “' ‘T v ", ""' v
40 . Yy 1 5 K v iy v v'v"w 1 O" ,“ 4_
3 0 i "v "'— ' A Y 3[ '
had i Y v
20_ YRV 1 0 h? I I | Y\' I
H 5 v 2
i lHHIHIIHImIHHIﬁHI 5 ‘ﬁﬁiﬂlﬂlﬂﬂﬂ ‘ﬂ ! mﬂ;ﬂlﬂ ;;IL
10 A ““ '.Id&:n‘“m T 4;
“ M‘M L _dp N Lah
100F g ey ™ 10k |
v v' 4 0 'v A "’v‘w‘Ir ] 20'_ fw :
LR 30 " ' .
50 20 RN 13 R IIIIII] Y 5r v
o o) ﬂHIIIIII; IIBIIII Hﬂmﬁl %;!1&1“ sttt 10F R % .
i 10 f;! A
‘i : m‘“‘“‘“ﬂ o A -“r " o) 3 -5 2':-‘
75 2 W (GeV) 1.5 2 W (GeV) 1.5 2 W (GeV) - W (GeV)
————  H1gher P



Cross Sections

* Includes radiative corrections, acceptance corrections, statistical
uncertainties, and systematic uncertainties
* Binning
° Qz
° 2
Q°and 8,
* Q°and P_
[ 2
Q% 0,,and P,
* Four Q? bins: 0.7 — 2.5 GeV?
* Four 6, bins: 0° — 46°
* Four P bins: 0.7 - 2.7 GeV/c



Higher P,

Radiative Corrected Cross Sections
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Higher P,

Radiative Corrected Cross Sections
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Conclusions

* Physics
* GENIE and onepigen describe data well for W < 1.5 GeV
* Significant discrepancies for W > 1.5 GeV
* 4D binning shows specific areas to improve GENIE

* Request preliminary approval for data
* Analysis note in progress
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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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Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections
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Radiative Corrected Cross Sections
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Neutrino Experiments

= . .

Near Detector Far Detector

Neutrino Flux:

Da(E,1) = [1= Py (B,1)| @ (E, 0)

Far Near
Ny (E,pp, L) = f ®,(E,L)a(E)f,(E, E pp)dE
Measured Flux Simulated

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

—_

Oscillated v flux
o N M OO 0 O

>
Experimental analysis
- [} MC Near Spectrum
% 60 |-
(D =
— -
s W
R
- MC Best Fit Far Spectrum
0
0 4 >5
E [GeV]

PRD 91, 072010 (2015) .



Oscillation Probability

2
P(v, > v,)=sin’(26,,) xsin [Am_n L)

- I0E
Q —
1S n
Q = I
o
x l = . O T “"""“##
u — ———
+ -
\ | L ] ——
t | —
> 107
% £
O
O n
* 107 —
0 2 4 >3

Reconstructed v Energy (GeV)

T2K PRD (2015)
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Pion Physics o el
* Mesons consisting of combinations I ’

_ et+p—e+n+at e+n—e +p+a
of u and d quarks and antiquarks | . f !
ct+p—e +pt+m e+n—e +n+m

 Commonly produced in scattering

. 3 i one®
experiments o [T
Q | GEmE i
. . Qisol L. . .
Resonance Decay Production Non-Resonant Production = e MalDs
wn L on-rgsonance kg | !
, 2|
'y N’ T l' Nt/ £ |
/ w |
A 100
B3
l N l N o |
‘c F
DIS Production 50,
l’ X T
0

Steve Dytman (Univ. of Pittsburgh)

[ N FUNFACT at JLab W2 (GeV?)
May 15, 2015 ¥




Q*=—q¢"=(k—-Fk)?

W = \/:I'jr%f + 2Myw — QE
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CLAS12 ot e

e Forward Detector: Region 2

* 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

* Electromagnetic Calorimeters (EC)
identifies scattered electrons

* Includes Pre-shower Calorimeter
(PCAL)

SvT

* Central Detector: i FTOF
Not used in this analysis
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FTOF Best Fit

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

p

S+ m
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Y [em]

DC Fiducial
Cuts

100% efficiency

 Fiducial cuts select hits (or tracks) with near
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L 190 L
100 100
- 15 -
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B 10 B
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200 _ . . o 5 200
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300
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DC

Ciducial
Cuts
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DC

Ciducial
Cuts
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EC Fiducial
Cuts

Scintillator bars

Lead sheets

V - plane p
W - plane p
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EC Fiducial Cuts

Required V, W > 14 cm (removed outer

2 bars)
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Electron and Pion z Vertices
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Electron Perpendicular Vertices
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Pi+ Perpendicular Vertices

Counts
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Pi- Perpendicular Vertices
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Vertex Z Difference 2
: 3
(Electron — Pi+) S
Fitted with gaussian
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Vertex Z Difference
(Electron — Pi-)
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Vertex Z Difference 2
D 3
(Electron — Pi+)
Fitted with gaussian
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Vertex Z Difference
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30
25
20
15
10

Run Selection

Number of Trigger Electrons / Faraday Cup Charge

11286 #1287 11288 11289 11290 11291 #1292 11293 11294 11295 11296 31297 11298 11299 11366
= Secl =Sec2?2 - Sec3 @ Sec5 =+ Secb6b

Sector d(e,e’n*) cross

) section issues after cuts
About 5 M d(e,e’n*) events after cuts
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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

dzo- — Nevents
dwdT, AWAT,L

Our formula

* corr. factors

Qtot _ PrgtlegtNa
= ttgt =

de molige

L = Ng*trg Ne



Higher P,

GENIE Nonradiative Cross Sections
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GENIE Nonradiative Cross Sections
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GENIE Nonradiative Cross Sections
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Higher P,

ﬁ

GENIE Nonradiative Cross Sections
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