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DUNE-PRISM

* DUNE-PRISM aims to be robust to cross section modeling — data-driven prediction of the FD oscillated spectrum
* Main cross section systematics enter the analysis via:
~ Efficiency correction (work in progress — see Wei’s talk)
> FD background (obtained from MC):
- miss-identified v; + v,
- wrong lepton (i.e mu for appearance and e for disappearance channel)
- neutral current
- intrinsic Ve + ve — right sign intrinsic v. predicted on a data-driven approach (Wei)
- wrong sign background
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* Wrong Sign (WS) and intrinsic WS background dominate the background
— predict these components on a data-driven approach — reduce cross section modeling dependency
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Events

PRISM Prediction — Wrong Sign Background (WSB) data driven approach

* Total WSB (intrinsic + WS from beam contamination) can be predicted on a data driven approach
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~ example for v, — v, channel: WSB = intrinsic ve - v, + v, - v,
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e PRISM Prediction WSB is then added to the FD background instead of the MC WS spectra
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Wrong Sign Background (WSB) data driven — flux uncertainties

* Use the ND data from the opposite channel (FHC — v, mode ) to match the target FD WSB
(intrinsic WS ve + WS v,) flux (RHC — v, mode)

* Main concern: flux uncertainties (graphs and study by Anna Stepanova)
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* Flux uncertainties less than 3% in the fitting area — similar to the standard case
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Wrong Sign Background (WSB) data driven — Disappearance anti-neutrino channel

* WSB Prediction = v, -V, from beam contamination + intrinsic Ve -V, beam contamination
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Events

Wrong Sign Background (WSB) data driven — Disappearance anti-neutrino channel

* WSB Prediction = v, -V, from beam contamination + intrinsic Ve -V, beam contamination
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v, Events

Wrong Sign Background (WSB) data driven — Appearance anti-neutrino channel

WSB Prediction = v, - Ve from beam contamination + intrinsic vebeam contamination
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Wrong Sign Background (WSB) data driven — Appearance anti-neutrino channel

* WSB Prediction = v, - Ve from beam contamination + intrinsic v.beam contamination
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Wrong Sign Background (WSB) data driven — Oscillation fits

* Nominal — stats only

* 4 Flavours: vy + Ve + V, + Ve

T—\Il\l\\ll‘lll\ll\lll\l

No Systs - with WSB

—— No Systs - no WSB
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I T R TE
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1
B ()

* No significant shift in the nominal case between the two different scenarios

— no additional bias included
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Wrong Sign Background (WSB) data driven — Oscillation fits
* Systematics included: flux + Xsec
* 4 Flavours: vy + Ve + Vv, + Ve
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* No significant improvement in Xsec systs when WSB is predicted on a data-driven approach
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PRISM WSB Prediction — Flux correction

 Different fitting ranges and regularization parameters have a direct influence in the flux correction (MC component)

— could this influence the oscillation fit..?

Anti muon neutrino disappearance channel (v, - Vv;,)
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PRISM WSB Prediction — Flux correction

 Different fitting ranges and regularization parameters have a direct influence in the flux correction (MC component)
— could this influence the oscillation fit..?

Anti muon neutrino disappearance channel (v, - Vv;,)
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PRISM WSB Prediction — Flux correction

 Different fitting ranges and regularization parameters have a direct influence in the flux correction (MC component)
— could this influence the oscillation fit..?

Anti muon neutrino disappearance channel (v, - Vv;,)
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Oscillation fits with/without WSB — Xsec systematics

* PRISM no WSB prediction:

4 flavors fit: v, + ve + v, + Ve

No Systs - No WSB

No Systs - With WSB

.............. PRISMPred - No WSB

______________ PRISMPred - With WSB
E €[0.5,5.5], A = 2.2E-16
PRISMPred - With WSB
E €[0.5, 6], A = 2.5e-17

Exposure = 336 kt-MW-yr

WSB from MC with the Nf; -
corresponding systematic shift 140~
* PRISM with WSB: WSB from 120~
data-driven approach (different fit -
ranges) 100~
80—
° o e [] BU__
— no significant difference when - .

different flux corrections are used 4 -

20
D : | | |
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Oscillation fits with/without WSB — Xsec systematics
4 flavors fit: v, + ve + v, + Ve

* PRISM no WSB Prediction: X No Systs - No WSB
WSB from MC with the -
: : : 140 No Systs - With WSB
corresponding systematic shift . Y
_ 120 N e PRISMPred - No WSB
. PRISM with WSB: WSB from . L N PRISMPred - With WSB
data-driven approach (different fit 100— E[05,5.5], 1 =22E-16
ranges) S U E 05, 67025017
° . o systematic shift BD:_ Ideal case
in the WSB component (.arFificially sl Exposure = 336 kt-MW-yr
turn off the syst shifts within the -
classic —= WSB from MC PRISM 40—
prediction) C
20— /
D B | | | | | | | | | | | | I ““'l--_l . | | | | |
2.3 2.35 2.4 2.45 25 2.55

Am, (10° eVv?)
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Oscillation fits with/without WSB — Xsec systematics
4 flavors fit: v, + ve + 'V, + Ve

* PRISM no WSB prediction: B No Systs - No WSB
WSB from MC with the -
: : : 140 No Systs - With WSB
corresponding systematic shift . Y
_ 120 N e PRISMPred - No WSB
. PRISM with WSB: WSB from . A N . SRISMPred - With WSE
data-driven approach (different fit 100— E[05,5.5], 1 =22E-16
ranges) S U E 05, 67025017
. : no systematic shift BD:_ \deal case
in the WSB component (.arFificially sl Exposure = 336 kt-MW-yr
turn off the syst shifts within the -
classic — WSB from MC PRISM a0l
prediction) N
. . . . 2D __
No significant difference between the -
resulting fits (with/without WSB) with ) I S T N R RR N SR e
2.3 2.35 2.4 2.45

Xsec systs — maybe the flux correction
is not the main source of systematics..
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Oscillation fits with/without WSB — Xsec systematics

— Turn off the syst shift in the ND
efficiency correction used for the WSB
prediction on a data-driven approach

 PRISM no WSB prediction:
WSB from MC with the corresponding
systematic shift

 PRISM with WSB: WSB from
data-driven approach (different fit
ranges)

. : no systematic shift
in the WSB component (artificially
turn off the syst shifts within the classic —
WSB from MC PRISM prediction)

* PRISM with WSB no syst shift in WSB
ND efficiency calculation: WSB from
data-driven approach no shift in ND
efficiency
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E €[0.5, 5.5], A = 2.2E-16

PRISMPred - With WSB
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Oscillation fits with/without WSB — Xsec systematics

18

The main source of systematics comes
from the efficiency calculation: for the
WSB prediction the efficiency calculation
enters the analysis individually (I.e we use
the efficiency calculation two times: once
for the classic PRISM prediction of the
oscillated spectrum + once for the WSB
prediction)
— the improvement in using the
WSB prediction is canceled by the
additional Xsec dependence
introduced via the efficiency
calculation

This should not be a problem once the ND

o

=

140

120

100

80

60

40

20

efficiency correction is implemented on a data-

driven approach (work in progress by Wei)
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4 flavors fit: v, + ve + v, + Ve

No Systs - No WSB
No Systs - With WSB

PRISMPred - No WSB

PRISMPred - With WSB
E €[0.5, 5.5], A = 2.2E-16

PRISMPred - With WSB
E €[0.5, 6], A = 2.5e-17

PRISM Pred with WSB -

No Efficiency shift in WSB prediction

Ideal case

Exposure = 336 kt-MW-yr




PRISM Prediction with a WSB data-driven approach: Conclusions

* The WSB prediction on a data-driven approach is fully implemented (code has been pushed on github
some time ago) and works as desired

* Once the efficiency correction (data-driven) is implemented, the improvement obtained in the
oscillation fits is very close to the ideal case of a “no-syst” WSB

* The data-driven wrong sign background plays a crucial role in the fake data PRISM analysis and bias
reduction (see Ciaran’s talk next week)
- a separate individual study (extreme case of lower/higher cross sections by 1 order of magnitude)
has been performed and shows how significantly lower biases are obtained when the WSB is
obtained in a data-driven way
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PRISM Prediction with a WSB data-driven approach: Conclusions

* The WSB prediction on a data-driven approach is fully implemented (code has been pushed on github
some time ago) and works as desired

* Once the efficiency correction (data-driven) is implemented, the improvement obtained in the
oscillation fits is very close to the ideal case of a “no-syst” WSB

* The data-driven wrong sign background plays a crucial role in the fake data PRISM analysis and bias
reduction (see Ciaran’s talk next week)
- a separate individual study (extreme case of lower/higher cross sections by 1 order of magnitude)
has been performed and shows how significantly lower biases are obtained when the WSB is
obtained in a data-driven way

Thank you!
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BACKUP

21 loana Caracas | DUNE-PRISM: Data-driven Wrong Sign Background (WSB) prediction W



Wrong Sign Background (WSB) data driven — Study case

 Shift the cross section (FrInelPi) by a given weight — see how does this influence the PRISM prediction and
oscillation fits within the two scenarios: WSB from MC vs WSB data-driven

* Include only FrInelPi cross section systematics and apply +1 o shift

0
% 5 OE V- Vv Channel Xsec Classic 2 5005 5 .V Ch 1 —— Xsec Classic
o 450 g g Xsec Classic * 0.1 l_%} 450 Vo =V anne —— Xsec Classic * 0.1
- — Xsec Classic * 0.5 = Xsec Classic * 0.5
4001 B Xsec Classic * 10 400 —— Xsec Classic * 10
3503_ + —e— Data 3503_ —s— Data
3001~ No WS background 300; (}'VS bacl(;grm(lin(.l
_a % prediction (MC) s50E- $ prediction (data-driven)
200F- || 200}
150 150 —t—=
- . - —+ .
100 100—
50 4 501 E—
0:||||||||||||||||||||||||||||||||||||||||||||||||| 0:|||||||||||||\||||||||||\\||||||||||\||||||||||||
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Vis. E,. (GeV) Vis. E .. (GeV)

— Significantly smaller shifts when the WS background is predicted on a data-driven approach

22 loana Caracas | DUNE-PRISM: Data-driven Wrong Sign Background (WSB) prediction ; (\



Wrong Sign Background (WSB) data driven — Study case

 Shift the cross section (FrInelPi) by a given weight — see how does this influence the PRISM prediction and
oscillation fits within the two scenarios: WSB from MC vs WSB data-driven

* Include only FrInelPi cross section systematics and apply +1 o shift
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- -|_ ¢ Data B J.J"L —e— Data
- Jt 'Ll No WS background B } EI--F-LEIEJ Jr (;'VS bacdgrm(lin(.l
30f- il prediction (MC) 30— j- i prediction (data-driven)
B HTL B
- I 5 i
20— 1 20 -Eq
10 1l | 10 | |
* L +
R . 5 — : . :
0||||||||||||||||||||||||T‘|||||:||||:||||:|||| 0|||||||||||||||||||||||||||||||||||||||||||||||||
0 1 2 3 4 5 6 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Vis. E,,. (GeV) Vis. E .. (GeV)

— Significantly smaller shifts when the WS background is predicted on a data-driven approach

23 loana Caracas | DUNE-PRISM: Data-driven Wrong Sign Background (WSB) prediction ; (\



Wrong Sign Background (WSB) data driven — Study case Oscillation fits

Anti Muon K i ance Ch I L R 2
g SO - — Sensitivity A m (10 eV’)
& 4500 PRISMPred - No WSB
= —— PRISMPred - With WSB L | B
400;— MG bkg + flux corr. - No WSB = 8 -
3503_ MG bkg + flux corr. - With WSB < - = =====: PRISMPred - No WSB
300;_ 7 '_ “ (Amﬂz (best fit) Arﬂﬂz (true) } T o)
E - 5
2650— - +
sz + C '-‘ =====: PRISMPred - With WSB »
150%— +++ ++ i :_ “-. (Ams® hest iy~ AmMsy® ey ) ~ 5 O ,r'
E e . C % ] ] ;
ReE 5 »,  XsecWeight = Xsec Classic * 0.1 ;
505 N \' “t
00: 1 é ] :1 5 GI 7 8 9 10 C i ." — —_— 3
- * EY Ll
Vis. E,,, (GeV — . ] - A
Anti Electron Neutrino Appearance Channel: 7, — VI? ) 4 - » ‘o. RHC - VIl-l Ve a
680 ——— [~ . “ -
g - —&— Data = .
g = - ~ Y * *
& - PRISMPred - No WSB 3 — * -
50— PRISMPred - With WSB - . LA *
E MG bhg + flux corr. - No WSB N L ‘.. A
L MG bkg + flux corr. - With WSB - o <, '.
40 o 2 j ‘Q !‘
- -
- - .
[ -
30 r " 7 -
- 1~ . .0‘ 3 o o
I [T by ‘.A I' ‘.'
20 :_ : ‘ \~ v: - . ph -
B T c o b e e |' M 2 PR . S N S BT
10fF * ‘I 2.5 2.55 2.6 2.65 2.7 2.375
+ A, (107 eV?)
= 1 | . 2 -3 2N -
e e e True value: A ms,? (102 eV?) = 2.4511 + 0.033

8 9 10
Vie F i\

— Much better agreement (2 o) of the resulted Am,,’ with the true value in the case of WSB
obtained from a data-driven approach
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PRISM Prediction — Wrong Sign Background (WSB) data driven approach

* Total WSB (intrinsic + WS from beam contamination) can be predicted on a data driven approach
> example for v, — Vv, channel: WSB = intrinsic ve - v, + v, - v,

* use the ND data from the opposite channel (RHC — v, mode ) to match
the target FD WSB (intrinsic WS v. + WS v,) flux (FHC — v, mode)

START | NDData RHC mode
(OffAxis vs visErec)

Subtract ND|background

NDData No Bkg — RHC mode
(OffAxis vs visErec)

mm) |ND_RHC Fluxes x Cyss = FDwss_FHC flux |

FINISH

Correct for different efficiencies
at ND and FD

| >

Correct for nu/numu x-sec ratio
(in case of appearance)

L p» WSB coefficients as
a function of the off-
axis position

PRISM Prediction WSB

Add flux correction (MC)

Perform linear combination
(Coefficients WSB)

e PRISM Prediction WSB is then added to the FD background instead of the MC WS spectra
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Wrong Sign Background (WSB) data driven — Disappearance neutrino channel

* WSB Prediction =V, -V, from beam contamination + intrinsic Ve -V, beam contamination

WSB Prediction Muon neutrino disappearance v, — v,
wy
§ - . L —— FD v, 'Data’
w 25— I~ .
R 1| 1000~ —— PRISM Prediction
- - - (v. +v;) CC
20— L i
- 800 B (v, +V,) CC
= . NC
15 L o 600 — _|_T: I:l FlUX Corr.
L —e— WSB 'Data’ .
10— I
- —— WSB Prediction 400~
51— Flux Corr. 200
e - &
L .
0— = l 0 _| | ,_r;—r‘f
0 1 2 3 4 5 6 7 8 . 9 10 0 1 2 3 4 5 6 7 8 9 10
Vis. E,. (GeV) Vis. E,.. (GeV)
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Wrong Sign Background (WSB) data driven — Disappearance neutrino channel

* WSB Prediction =V, -V, from beam contamination + intrinsic Ve -V, beam contamination

Events

Muon neutrino disappearance v, — v, Muon neutrino disappearance v, — v,
C —— E[F)“\éHN;DF?tac'f . % _ —— FD v, 'Data’
5 — rediction - o
1000 . + 7 CC B 4000 —— PRISM Prediction
- B (v, + V) CC - (v, +V;) CC
‘ NG : o,
800 - (v, + V) CC
i W Intrinsic WS (V) CC S00r o
- B WS (v, - V) i
600~ ¢ [ Flux Corr. 00|~ o [ ] Flux Corr.
400~ No WSB 00|~
- Prediction i
200— . 200— .
= ' . N -
oL ﬁ oL _ﬁf
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
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V. Events

Wrong Sigh Background (WSB) data driven — Appearance neutrino channel

* WSB Prediction =V, - Ve from beam contamination + intrinsic Ve beam contamination

WSB Prediction

Electron neutrino appearance v, — v,

C @ 220[ : :
- —e— WSB 'Data’ 3 200F- «— FD v, 'Data
250 + + = —— PRISM Prediction
: —— WSB Prediction 180:— (v. + V7) CC
n Flux Corr. 160 B (v, + ¥, CC
N 140— NC
- 120 ] Flux Corr.
B . 100
- 80—
- 60
- 40
20—
6 7 8 9 1|0 0:——___—_—__ S SR S —
i 0 1 2 3 4 5 6 7 8 9 10
Vis. E,.. (GeV) Vis £.° (GeV)
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Wrong Sign Background (WSB) data driven — Disappearance neutrino channel

* WSB Prediction = v, -V, from beam contamination + intrinsic Ve -V, beam contamination

Events

220
200
180
160
140
120

100

Electron neutrino appearance v, — v,

—e— FD v, 'Data’
—— PRISM Prediction
(v.+v;) CC
B (v, + V) CC
NC
Intrinsic WS (v,) CC
B WS (v, - 7)
[ ] Flux Corr.

No WSB
Prediction

| T |

6 7 8 9

10
Vis. E,, (GeV)

Events

220
200
180
160
140
120

100

Electron neutrino appearance v, — v,

—— FD v, 'Data’

— PRISM Prediction
(v. + V) CC

I (vp +V,) CC
NC

[ ] Flux Corr.

With WSB
Prediction

P P

8 9 10
Vis. E,,, (GeV)
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