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Overview

Thanks for voting for my poster!l!

Described the measurement of a CCOm+ Np (N> 1)
Cross section as a function of the single transverse
variables

| presented the highlights of this analysis yesterday.

This talk will contain:
« A quick recap

« A closer look at the generator comparisons
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https://meetings.triumf.ca/indico/event/6/session/19/contribution/119/material/slides/0.pdf

Single Transverse Variables
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Single Transverse Variables

Any deviation from épy =0, ¢ =0 s
indicative of nuclear effects

Phys. Rev. C 94, 015503 (2016

« Demonstrates interesting
sensifivity to nuclear
effects for exclusive
interaction modes
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CCOm In STV - Fermi Motion and FSI

* Moving from CCQE-CCOPi+Np, STV still a probe of nuclear effects
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NuWro, 0.6 GeV v, on C, CCOrm, LFG

Quasi-real CCOPi selection, keep events within rough ND280 acceptance .
No Pions, 1 Muon, >0 Protons. Pu = 250 MeV, Pp > 450 MeV, COS(QH) > —0.6, COS(Qp) > 0.4
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p.d.f.

p.d.f.

CCOm In STV - 2p2h and M,

M. Martini, M. Ericson, G. Chanfray, and J. Martean, Plvs. Rev. C 80, 065501 (2009) J. Nieves, I. R. Simo, and M. J. V. Vacas, Phys. Rev. C 83, 045501 (2011)
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« STV shape invariant with M,

No ambiguity over M, or nuclear effect contributions (MiniBooNE M, puzzle)
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CCOm In STV - 2p2h and M,

M. Martini, M. Ericson, G. Chanfray, and J. Martean, Plvs. Rev. C 80, 065501 (2009) J. Nieves, I. R. Simo, and M. J. V. Vacas, Phys. Rev. C 83, 045501 (2011)
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NuWro, 0.6 GeV v, on C, CCOm, FSI On, LFG

« STV shape invariant with M,
- No ambiguity over M, or nuclear effect conftributions (MiniBooNE M, puzzle)

100 200 300 400
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ND280 (off axis near detector)

RANnge Defe O
aane Muon neutrino beam
0.6 GeV peak energy
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Event Selection
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CC ] T CCOTher O. Benhar, et al., Phys. Rev. D 72, 053005 (2005)

J. Nieves, I. R. Simo, and M. J. V. Vacas, Phys. Rev. C 83, 045501 (2011)

10
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CCOn+Np in STV [

» At least one proton
« Nothing else
« Adhere to fiducial constraints

« Measure fiducial flux-integrated CCOmr + Np —
cross section in bins of STV p, > 250 MeV /c

. . cos(Hu) > —0.6
« Restrict cross section to ND280 acceptance —
« Essential to mitigate model-dependence of 450 MeV /c < p,< 1GeV/c
acceptance correction cos ( Hp) S 0.4

\

. E.x’rrqc’r Cross sec.’rlon using a binned likelihood 5" 5 55 Uniolding
fit with a data driven regularisation and how model
dependence is avoided:

@ Compare results to predictions available from | see sides from State of The
plethora of generators using NUISANCE Nu-tion

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation
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https://nuint2017.physics.utoronto.ca/state-of-the-nu-tion-premeeting/program
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Nuclecr model compcnflsons

O. Benhar, et al.. Phys. Rev. D 72, 053005 (2005)
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Nuclear mode| com

ponsons
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In’rerac’non mode comparlsons
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Stephen Dolan
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The peak position and early bins in §py
and 6 ¢ tell us about Fermi Motion.

The tails in 6py and §¢, and the extent
of the rise at large da partially isolate
the effects of Fermi Motion from 2p2h.
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Effec’r of ’rumm
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The peak position and early bins in §py
and 6 ¢ tell us about Fermi Motion.

The tails in §pr and §¢ and the extent
of the rise at large da partially isolate
the effects of Fermi Motion from 2p2h.

The removal of FSI causes a relative
deficit of events in the tails, but an
increased normalisation.

Stephen Dolan
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Genera’ror comgqusons
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Shope only genera’ror compqusons
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Summary

Lots of inferesting model separation!

+ Shape: idep. of MY — tells us about:

« Fermi Motion
e FS| Characterised by separate STV features

. 2p2h

* Full xsec: normalisation is sensitive to: nucleon FSI, MffE
and RPA

« Results lift important degeneracies
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Thank you for listening
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Impact of RPA (relativistic)

NEUT 5.3.2.2 RFG + RPA (relativistic), M, = 1.03 GeV/, 2p2h is Nieves et. al
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Impact of RPA (relativistic)

NEUT 5.3.2.2 RFG, no RPA, M, = 1.03 GeV/, 2p2h is Nieves et. Al
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Reconstructing the Neutrino Direction

Reconstructed Neutrino
Direction =

Mean Neutrino Parent Reconstructed Interaction
Decay Point (PDP) Vertex

I v I

Decay Tunnel 280m FGD 1
50007 " T T T T T £ oo | EREr E
2 - . g T2K Work 1 Fumf T2KWork E
xﬂ_{]ﬂﬁ:— - InProgress = .t InProgress E
= - . E E E
= C ] E son0f- E
S0.005 = 1 wf E
- ] 3 b 3
ﬂ-l‘.m:_ _: L 3 C: L 1 1 L | 'I..:
- = 0ns 1 15 ] iy - -l 0
- . ND280 Coord. x {m) ND280 Coord. v (m)
0.003 = E - w0 . . .
0.002F- = = o0 T2KWork
Tk T2K Work . £ aw In Progress ]
0.001 = In Progress - 3000 3
[}Zu IR NS TS T NN TN S TN TN A SN T T T [N T T SRS N S SO T | R 2000 _E
0 0.5 1 1.5 2 25 3 1000 E
day (radians) R B e
ND280 Coord. z (m)
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Binned likelihood fitfing

* True bin - Reco. template

Events

g 8 & 8 8 8§
SRR RS ARER AR LARESLALER LALASE RARAE N

 Vary MC template horms
(c;) and compare to data

2000 F
-
S
w

« Maximise Poisson
likelihood + syst.
penalty term

sal el onslonslonslonalonsll

‘N EEEEEREE
UURRAE RS LRSI I I I R B

(using max. gradient decent) % : :

of ™ :

» Equivalent to D' Agostini .
(1995) with infinite iteratfions ;
nﬂ 200 400 GO0 B00 1000 1200 1400 1600 1800 2000

Reco,
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The ill-posed problem in fit results

* If there is significant smearing between bins — ill-posed
problem (a typical feature of all unfolding methods)

« Seen as a “zig-zagging” result with sirong anh correlahons
between bins 2 " ‘ reomrn ]

| 5

N
(%1}
(=]
(=}

« Can apply regularisation
to penalise such results.

Unfolded Event
T

—_
()]
o
(=]
|

o MGﬂy ways o regU|Qrise, mof_ No regularisation -
best method depends soof E
on the analysis. edat b T

e One OpﬂOﬂ: truebins—1 True Variable

oy =Prey Y (= 11)? = Prea(@— Conion)(VI0) (@ = Gyrior)
i

But note that the unregularised result is the most correct
representation of the truth (and T2K will provide this!)
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The role of regularisation

@ 4000 T T T g 2500 ————— :
s B — 4¢€ N — 3
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2500 E_ Fake Data Truth (3) é B ‘Data’ (Fake Data Reco.) (6) ]
- - 1500__ —_
2000 - N ]
1500F- 4 1000(- —
1000F- = - -
= 1 500 -
500F- = - - . i
0: II'_L_I—”_J!_.I - - l - - - - — ! I ! L 1 L I: : 1 l L L 1 L I L 1 L 1 l_-!_'-L‘-v—-———I " I d l_l:
0 500 1000 1500 2000 2500 % 500 1000 1500 2000 2500

Variable of interest (tr Reconstructed variable of interest

Flat input MC
(truth and reco)

Stephen Dolan Nulnt 2017, Toronto, Canada 31




The role of regularisation

@ 40007 T T T T T T T T ] g 2500 .
c = _ Jq%¢ N _ ]
L% 3500;— p?'eg = 0.0 —— Fit Result (truth-level) (1) —; 5 - preg = 0.0 Fit Result (reco.-level) (4) .
3000 Input Sim. Truth (2) 4 2000 Measured Input Sim. Reco. (5) -
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2000 E : Post-fit .
1500 -  1000[ recoresult | -
1000/ = - .
= . 500}— —
500F — N - ]
0: dad b T DU s NSRS i 1||_-L'-La-.-.-__l_|:
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Stephen Dolan Nulnt 2017, Toronto, Canada 32




The role of regularisation

@ 4000 T T T g 2600 T
C _ 4c N _ _
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The role of regularisation

g 4000———T——— T T T T T T T T ] g 20— |
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The role of regularisation

%4000:“. T T T T T T T T 1] g 2500—— ——— ———————————]
- -— 1€ N — _
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The role of regularisation

Events

4000

R
3500;— preg =1.0 —e— Fit Result (truth-level) (1) —;
3000 E— Input Sim. Truth (2) —f
2500F- Fake Data Truth (3) =
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1000~ t 3
500 =

0 500 1000 1500 2000 2500

Stephen Dolan

Variable of interest (truth)

Events
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Reconstructed variable of interest
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The role of regularisation
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3 3500 preg = 10.0 —e— Fit Result (truth-level) (1) — I%’ _ preg = 10. 0 Fit Result (reco.-level) (4) 4
30005— Input Sim. Truth (2) —E 2000:_ Input Sim. Reco. (5) _:
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The role of regularisation

% 90 ;_l F(;l)rleg" |=E[)!-()|2‘5| 1T | rrTT | rrTT | T 1T ‘ L | rrTT | T I_; é 103 2_ I_‘E_
qC, 80:_ = '§ B ]
(A - . ‘5 L ]
B 705 Pres = 0.05 — %102 =
2 ¢ . ]
g 60} Dreg = 0.75 5 .
5 _ | Apres=01 ] ‘
Z 50 T %5 | y2ofFit E
40? i E —+— Normalised Penalty E
30 — th il il
205_ _i 10 HegularisatiJjParameter
105 E Normalised Penalty = Xreg/Dreg
C1 1 ‘ | ‘ | | | | I | | 111 | | ‘ | | | | I | | I
0 100 200 300 400 500 600 700 800 900

x? of Fit
« Best preq is the kink of the curve (in this case ~1)

« Balances regulation (in this case smoothness) with bias

* L-curve can be formed on real data — data driven regularisation

hitp://epubs.siam.org/doi/abs/10.1137/1034115
http://epubs.siam.org/doi/abs/10.1137/0914086 http://arxiv.org/pdf/1205.6201v4.pdf - use in TUnfold
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http://arxiv.org/pdf/1205.6201v4.pdf
http://epubs.siam.org/doi/abs/10.1137/1034115
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Resolving the ill-posed problem

« Unfolding methods mostly differ in the way they resolve
these degeneracies (i.e. their regularisation implementation)

 |deally, regularisation should be selecting the “smoothest”
of many (almost) degenerate solutions

B @ 4000~
5 - 3 & E E
L%’ 35001 —— Fit Result (truth-level) (1) | o 3500F —— Fit Result (truth-level) (1) —
30003— —— Input Sim. Truth (2) - 3000 —— Input Sim. Truth (2) -
2500 ; —— Fake Data Truth (3) é 2500 E— Fake Data Truth (3) —E
2000 B 2000F L+ =
1500} = 15001 =
10005— — 1000__ t _f
5003— — 500 ;

= I I— 3

B T 1 v M S CHOSRTE  u E 1Y N UONR SRR

. . 0 500 1000 1500 2000 2500

Variable of interest (truth) Variable of interest (truth)

- Regularisation always adds some bias

* The unregularised result is the most “correct”
representation of the true unfolded result
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But the unregularised result looks awfulle

« Consider a two bin result:

2

.................. Truth
4+ Result

pull = Nfit _ Ntrue XZ - (Nfit B Ntrue)(Vcov)_l(Nfit - Ntrue)
l Error ,
T x? =169 - Good y2
putto = Fairly awful .
pull, =3  pull « Need to see the correlation

martrix to tell whether the
result is good or noft.
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But the unregularised result looks awfulle

« Consider a two bin result:

I R Truth 1 8 08
I ~+ Result | T 6 06
pull — Nfit - Ntrue XZ = (Nfit - Ntrue)(Vcov)_l(Nfit - Ntrue)

y Error ,

I 1 X* =20 | Worse y?

pu O : ° ° °
pull, = 1 Better pull +  Pulls/bin-to-bin bias doesn’t

| =

tell the whole story

Stephen Dolan Nulnt 2017, Toronto, Canada



