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Cross-section Calibration

* Accurate reconstruction of true neutrino energy is difficult due to uncertainties from
missing p, techniques and measurements of neutrals.

* Without a well-defined incoming neutrino beam energy, extrapolation to Far Detector
without good calibration / well-known v cross-sections is limited.

* Near Detector cross-section and flux measurements would benefit from some
restriction of the wide-band neutrino beam to a more well-defined neutrino energy.
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Horn currents and configurations can be varied, with the caveat that all powered horns
need operate on the same current value.

We consider 5 options in configuration: A only, A+B, A+C, B+C, and A+B+C

Tune-ability of neutrino flux over a range of current and configuration settings is shown
in the following slides
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Off-Axis Fluxes
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* Alinear combination of these ND neutrino fluxes can be superposed to fit a number of
functions.

* Some refinement of fitting to FD oscillated flux is shown, along with first fits to
gaussians
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9 Param Thin Gaussian Fits
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11 Param Thin Gaussian Fits
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9 Param Wider Gaussian Fits
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2 Param Wider Gaussian Fits
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Concluding Remarks AN/

WARWICK

Current program used for fitting may be somewhat rudimentary compared to full DUNE
PRISM analysis. Can aim to echo DUNE PRISM’s fitting to improve quality of fit if this
becomes a priority

DUNE PRISM appears to provide a better fit quality ( how much of this is due to fit

program uncertain..), but this avenue may be complementary to DUNE PRISM and

provide better coverage of some spectral regions — eg:

- possible improvement to gaussian fits around 2 GeV,

- off-axis + horn current could enable better fitting of lower end of spectrum (currently
excluded from DUNE PRISM fit below 2" Osc. Maximum ~0.7GeV ),

More direct coordination with DUNE PRISM / ND plans may provide better focus for
further investigation. Currently have a LOT of potential parameters for fitting..

Modelling response function could help find a good/optimal fit analytically



Poster Images

@

=]

=3

=]
II\Il\IHll\II‘\II\

numu Neutrino Flux at ND, Hor u Mode numu Neutrino Flux at ND, Horns A+B, Nu Mode ino Flux at ND, Horns A+C, Nu Mode
& \8 a

10 —— 25kA Current 14 x10 —— 25kA Current x10 —— 25KkA Current
50KA Current r 50kA Current 18— 50kA Current
C E 75KA Current
75kA Gurrent 12— 75kA Gurrent 15 100KA Current
100kA Current C 100kA Current F ——— 125KkA Current
—— 125kA Current 10— —— 125kA Current 14— 150kA Current
150kA Current C 150kA Current F 200KkA Current
12 0kA Current

—— 200kA Current s —— 200kA Current F
~ Current
—— 250kA Current C —— 250kA Current 10 a50kAXKurrent

—— 300kA Current el— —— 300kA Current s ign, 300kA
S s
C 4 -
2F =

E*E
L b b e e T I R R R S PR IR IR A er st |
0 8 7 % 1 2 3 7 % [ 2 5 6 7

3 4
v, Energy (GeV)

3 4
v, Energy (GeV)

numu Neutrino Flux at ND, Horns A+B+C, Nu Mode

%

trinos/GeV/mt/102PQT

3

3 4
v, Energy (GeV)

numu Neutrino Flux at ND, Horns B+C, Nu Mode

—— 25kA Current Y
50kA Current C
75kA Current 12l
100kA Current r

—— 125kA Current 6 o
150kA Current % r

—— 200kA Current v s

—— 250kA Current = r

—— 300kA Current g L

[=}

£ C
3 L
z 4

T T Y T T e s

3 5 8 7 0Ci
v, Energy {Ge

—— 25KkA Current
50kA Current
75kA Current
100kA Current

—— 125kA Current
150kA Current

—— 200kA Current

—— 250kA Current

—— 300kA Current

1 2

3 4
. Energy (GeV)




Poster Images

Neutrinos/GeV/m /10 °PQT

Fluxes On-AXi

numu Neutrino Flux at ND, Horns A, AntiNu Made numu Neutrino Flux at ND, Horns A+B, AntiNu Mode numu Neutrino Flux at ND, Horns A+C, AntiNu Mode

:1 0 — 25kA Current _10 —— 25kA Current [ 25kA Current
350 50kA Gurre| 350 = 50kA Current 50kA Current
E 75kA Curgént - — 75kA Current 75kA Current
B 100kA 3005 H 100kA Current 100kA Current
H |_ —— 125kA Current ;]_ —— 126kA Current | — 125kA Current
L 150kA [Current 250~ 150kA Current H F— L] 150kA Current
E —— 200kA|Current E —— 200kA Current E 1 —— 200kA Current
= —— 250kA|Current 2001 —— 250kA Current 200{— — 250kA Current
F ——— 300kAlCurrent F —— 300kA Current C ——— 300kA Current
e 150— 150—
— 100[— 100
— 50— 50—
P P R P B I B N R R E A R B R A R RN U U S B
0 1 2 3 4 5 6 7 0 3 4 7 1 2 3 4 5 6 7
v, Energy (GeV) v, Energy (GeV) v, Energy (GeV)
numu Neutrino Flux at ND, Horns A+B+C, AltiNu Mode numu Neutring Htlx at ND, Horns B+C, AntiNu Mode
6
<10 —?&W;\ 350 —— 25KkA Current
350 50kA Curren  — 50kA Current
C 75kA Current 300 75kA Current Some/all of
300
= 100kA Current 100kA Current
5 1 —— 126kA Current 5 250 —— 125kA Current NUMU FIUX
& 250— & 150kA Current
5 — 7 150kA Current e F urren| Plots
é il T_L‘ —— 200kA Current E agol —— 200KA Current
S 200 LL —— 250kA Current = C —— 250kA Current
S r —— 300kA Current e E —— 300kA Current . .
e S0 @ gl
2 1o £ 1sop with/without
E F E C
@ - @ L f)
- =2 -
Z 100 100— y axes:
sol 50—
S R S SR BT I A (S R B B B N B
0 1 2 5 6 7 0 1 2 6 7

3 4 3 4
v, Energy (GeV) v, Energy (GeV)



Poster Images

XMYYYZ

0-6 - Distance Off-Axis (x 6 metres)
- NuMode / AntiNuMode

YYY = current

Z = Horn Config

1-A

2-A+B

3-A+C

4 - A+B+C

5-B+C

numu_fluxosc_forplots
myfﬂ

10 Parameter Fit

WV

numu_fluxasc_forplots

30

25

20

15

t

Oscillated v s / GeV / m* / POT

10

|

|IIII|IIII|IIII|IIII|IIII|IIII|IIIIX

|

Z

Entries
Mean
Std Dev
%2/ ndf
Prob
ON3001
ON3002
ON3003
ON3004
ON3005
ONO0752
ON1252
ON2002
ON1254
ON1505

137152

1.

2488 / 46

0

0.4859 +0.0195
-0.6816 = 0.0093
0.3414 +0.0167
0.0399 +0.0083
-0.1266 = 0.0049
-0.7451 + 0.0138
0.8499 +0.0156
0.2752 +0.0124
-0.6212 = 0.0161
0.5524 + 0.0203

o
o

1 2

3

4
Energy (GeV)




Poster Images—__

VA

WARWICK

= v Horn B & Module
Horn A & Module 4 i Horn C & Module
1]

Beam Direction

-

O

iy

—l £=17806

NE-doc-4949-




v

WARWICK

Bonus Slides



r\l | Near Detector Neutrino Flux
== Superposition at the DUNE Experiment

DEEP UNDERGROUND

WARWICK




NuMu Fluxes 36m - Finer Binning\ \/

numu Neutring Flux at ND, Horns A, Nu Mode numu Neutrino Flux at ND, Horns A+B, Nu Mode numu Neutrino Flux at ND, Horns A+C, Nu Mode

om
om

\6
E —— 25kA Current = —— 25kA Current _10 —— 25kA Current
5000~ 50kA Current 80001 Fﬁ 50kA Current 5000 — H 50kA Current
8 75kA Gurrent E 75kA Gurrent - 75kA Gurrent
20001— 100kA Current 7000:— 100kA Current 5000 100kA Current
§ - 125kA Current §SDOD :_f i 125kA Current § r 125kA Current
ﬁc L 1 150kA Current ﬁc C 150kA Current &‘c E 1 150kA Current
éaaoo_ I —— 200kA Current ésauo} —— 200kA Current é‘mmj —— 200kA Current
= EF 1 —— 250kA Current = Ej —— 250kA Current = r —— 250kA Current
CE —— 300kA Cument | S40%0ET 2 —— 300kA Current | 3000FE —— 300kA Current
22000 2 E 2 X
£ -£3000H E E 1
3 2 = :I 22000
=z =z o 4
2000
1000
1000F—
E 1000 —
) S s L GE e TR R B P R IR B N
1] 1 2 3 4 5 6 7 0 1 2 3 4 6 7 0 1 2 3 4 5 6 7
v, Energy (GeV) v, Energy (GeV) v, Energy (GeV)
[ [ [
numu Neutrino Flux at ND, Horns A+B+C, Nu Mode numu Neutrino Flux at ND, Horns B+C, Nu Mode
6 6
x10 —— 25KkA Current x10 —— 25KkA Current
10000/ — ﬁ 50kA Gurrent B ﬁ 50KA Current
B 75kA Current 5000 — 75kA Current
100kA Current C 100kA Current
'58000_ 125kA Current 5 L f 125kA Current
% f 1 150kA Current %4000j 150kA Current
“ESDUO_ —— 200KA Current < f —— 200KA Current
3 —— 250kA Current %30004E —— 250kA Current
e —— 300kA Current 9 o —— 300KA Current
E4000 gL
,g 22000 -
-2 z
2000 1000
) h IS RPN T ST R R R 0 P R IR |
0 1 2 5 6 7 o] 1 2 5 6 7

3 4
v, Energy (GeV)

3 4
v, Energy (GeV)



9 Param Thin Gaussian Fits -
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0.35— Prob 1
E ON3002 -7.591+ 0.634
0.3 ON3003 -9.72 + 0.62
E ON3004 18.21£0.70
0.25F ON3005 10.66 * 0.62
£ ON1501 1.596 +0.514
02 F ON1252 0.4097 + 0.6937
“E ON1254  -0.9258 =+ 0.5246
E ON1505 0.2192 + 0.5969
0.15— ON2505 -8.108 + 0.482
0.1—
0.05—
oY= T N N IRV AT N G S
0 1 3 4 5 6 7 8
h1
Entries 1000000
0.25— Mean 25
Std Dev 0.2064
X2/ ndf 0.2453 /7
Prob 0.9999
0.2 ON3002  -2.311+0.476
O0N3003 -1.055 +0.479
ON3004 -1.663 +0.393
015 ON3005 1.387 +0.528
) ON1501 19.15 +0.44
ON1252  -4.396 +0.367
ON1254 -15.18 £ 0.33
0.1 ON1505 3.613 +0.347
ON2505 3.855 +0.417

0.05

h1
Entries 1000000
Mean 15
Std Dev 0.2064
2/ ndf 0.2475/7
Prob 0.9999
O0N3002 -5.768 + 0.648
ON3003 225 +0.6
ON3004 —-31.67 £ 0.67
ON3005 13.36 + 0.51
ON1501 -7.663 + 0.551
ON1252 8.125 + 0.476
ON1254 8.401 + 0.596
ON1505 -4.269 +0.618
O0N2505 -5.258 + 0.508
obs N B T D= N N
0 3 4 5 6 7 8
h1
Entries 1000000
25— Mean 3
L Std Dev 0.2064
L %2/ ndf 0.1721/7
r Prob 1
2? ON3002 28.23 +0.49
= O0N3003 -16.79 £ 0.44
r O0N3004 -10.61 £ 0.38
15 ON3005 13.08 +0.38
= ON1501 45.14 + 0.67
C ON1252 44.99 +0.83
L ON1254 -9.441 + 0.477
1 ON1505 -52.33 +0.62
O0N2505 —18.46 + 0.33

0.5




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

