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Traditional Movitation for an intermediate detector #1
We can reduce systematic error with the same target nucleus

Ichikawa-san, Tuesday 2014 — 2015
S el sampe
v flux 16% 11% 7.1% 8%
v flux and w/o ND measurement 21.8% 26.0% 9.2% 9.4%

ross section | w/ ND measurement .% - 3. - 3. | .0% -

ﬂi V Cross sectlon due to dlfference of

Final or Secondary | 3 O% | . N B .1 e ‘ v

Hadronic Interaction

Super-K detector 4.0% 2.7% 3.8% 3.0%

total w/o ND measurement 23.5% 26.8% 14.4% 13.5%
w/ ND measurement 7.7% 6.8% 11.6% 11.0%

)

Many improvements
* 2014 error does not include the effect of multi-
nucleon at the neutrino-nucleus interaction.
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A limitation of the current detector:
FGDZ2 is only 409, water, short track reconstruction is difficult

Two solutions have been proposed in an ND280 upgrade...
80% and 709 water respectively, and can reconstruct short 3D tracks

A Wagasci style scintillator grid

2 SC"T‘\/‘_

5.0cm

4 ! S.OCFV

T wSley | GV T PNl T Do thae eV T

Water-based liquid scintillator

Mylar straws painted with reflective
paint on the outside, WLS fibres
strung inside the straws

5 mm cell size

/

Stanley Yen et al., TRIUMF
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From true neutrino energy to reconstructed neutrino energy
Probability energy distribution (£, E )

D —— e — -
" 1 “mnaxr ) ) ‘
— l € ME, —m:/2 d“o
D,..(E,) = / dE, P(E,) / dE———— / ,
. \. I‘;;nIH El/‘PI (Iw (] COS 9 'u.z':I':,; . I';[ . cosfl=cos ()( I.:, r’/) }
60 . o Y S T

i q True energy -

. - , | E (GeV) -

The quantity D,...(FE,) S ! )
corresponds to the product — ?Ig |
o(E,)® (E,) but in terms of ’ ' |

reconstructed neutrino energy "o -

M. Martini, M. Ericson, G. Chanfray IA =

- Phys. Rev. D 85 093012 (2012)

- Phys. Rev. D 87 013009 (2013) i
Similar results in: L1 = e o |
- Nieves, Sanchez, Simo, Vicente Vacas PRD 85 113008 (2012) % 0.0 o - oe .. 08 1 oY v 1.6
- Lalakulich, Mosel, Gallmeister, PRC 86 054606 (2012) fv (GeV)

* Distributions not symmetrical around Ev
Marco Martini, EPS-HEP * Crucial role of np-nh: low energy tail
23/7/2015 M. Martini, EPS - HEP 32
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Vu disappearance T2K  onoss poi; prass gors

S 0T T T T T T T T T T T T T T
L B -
L T true --- NDo®E) | 1 After reconstruction correction:
PR ___ NDD (E |
5 - 7 (R A =) 41 e Near Detector:
A IS5 K4 WY FD o®(E ) —
- i / \ __ D E)| ] clear low energy enhancement
= F { ¢ Far Detector:
™ ok I low energy tail and
Qé i ] the middle hole is largely filled
S N ' Effects largely due to np-nh
< S & 1
S t &/ ]
> L 7 | S S .
&8 i 2 ———— SRy~
\b/ O 1 o :f’ ’1 | T N T » T-" o L+ o e e e e 7

0O 0.1 02 03 04 05 06 0.7 08 09 1 1.1 1.2 1.3 1.4 1.5 . -
E. orE, (GeV) Recent T2K experimental analysis :
=5 " . PhysRevD.91.072010 (2015)
‘_.:a _‘ | I | ". 77771ttt |
=osp - Unsmeared vs E, two-flavor T2K fit _| “For the present exposure, the
ok __ Smeared s E, et effect can be ignored, but future
S04l | - i analyses will need to incorporate
So02Y N e ) multi-nucleon effects in their
2 oolb v o e e ] model of neutrino-nucleus
b 0.2 0.3 04 0.5 0.6 0.7 0.8 09 | 1.1 1.2 1.3 1.4 1.5 . . »
E, or E, (GeV) interactions.
M. Martini, M. Ericson, G. Chanfray, PRD 87 013009 (2013)
Similar results in: O. Lalakulich, U. Mosel, K. Gallmeister, PRC 86 054606 (2012) M arco M a rtl ni E P S_ H E P
23/7/2015 M. Martini, EPS - HEP ’ 33
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Traditional Movitation for an intermediate detector #2
The flux shape is more similar at ~2 km

Uncertainty on FD/ND flux is < 2% l><10°6 Far/Near Ratio, Positive Focusing, v,
: T A ALAAMaseARAa
The detector being close to the S 2015analysis with 2009 NA61 data
I » ) further improvements are possible
arget is probably not a .
« ey a- 2
fundamental limitation Z 038 ’
(quantitative study is envisaged) =
» _ 0.6 =
= off 3 ]
() -
2 o2 o 7T % 1.} , ' 1 0.4 ;
i N § ]m- , ——— — J P P
R < oof - :fi= = 0.1- Total Uncertainty N
'j—;:().IS = | , - — Hyper-K - ] Hadron Production Uncertaint
7g - g 0.8 ‘ J —ND 1.8 km g : - F[aaron ~ro U(.'I IC.)n nceriainty
0.1 £ 07 " —ND 1.0 km é | — Other Uncertainties
5 | S
| Z 0.6} — ND 280 m { =005
0.05} ¢ o 1 2 3 4 5 ’
| E, (GeV) a
b . 3 4 ; -
- ‘ ' M. Hartz

But, naively, flux extrap. errors should decrease by a factor 4 at 2km?
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ATl [ Constrain wrong-sign BG

NOT AN (B-field+TPCs)
EXHAUSTIVE ™M High-E constraints*
LIST! M Wagasci-style water target

with short-track resolution
® And what about a HP-TPC?
B> Do we need a clear
measurement of small recoil
nuclei?

mstream

W acceptance
upgrade?

constraint on intrinsic Ve

R (excellent kinematics)

=y
il M Interaction model
: independence
. : M & Same detection
M Constrain wrong-sign BG
method

(Gd & magnetized MRD)
M Same detection method
M Higher-E sample with MRD*

M Sterile neutrinos

Mike, yesterday

*seems important for CPV sensitivity, cf. Raj’s talk
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% acceptance
upgrade?

NOT AN
EXHAUSTIVE
LIST!
T
4.75 m

NOW...

MTm -

<« 22m

M Constrain wrong-sign BG
(Gd & magnetized MRD)
M Same detection method
\ ™ Higher-E sample with MRD* /

*seems important for CPV sensitivity, cf. Raj’s talk

ATl [ Constrain wrong-sign BG

(B-field+TPCs)
M High-E constraints*
M Wagasci-style water target
with short-track resolution
® And what about a HP-TPC?
B> Do we need a clear
measurement of small recoil
nuclei?
B Also: ve cross section and a

constraint on intrinsic Ve

PN (excellent kinematics)

™ Interaction model
independence
M Same detection

- 5

! method
M Sterile neutrinos
Mike, yesterday

\4

Om
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Yesterday Mike presented the status of nuPRISM
| shall now bring you up to date on TITUS
The results on the next few slides are shown on behalf of

the TITUS working group, and come from the TITUS preprint
which will be released soon
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Yesterday Mike presented the status of nuPRISM

| shall now bring you up to date on TITUS

The results on the next few slides are shown on behalf of
the TITUS working group, and come from the TITUS preprint
which will be released soon

A particular shout-out to Nick Prouse, Wing Ma,
David Hadley and Raj Shah, who have really
motored on with the analysis in recent weeks
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The TITUS detector
2kton Gd-doped (0.19,) water Cherenkov

~2km from J-PARC MQ <>

2.5° off-axis

- § - Magnetized Muon
tm (/) Range Detectors
8 MeV gamma cascade ; 22 m &

with 4-5MeV visible energy * ?dan Valclldate GcJIE |
e epenas on Cuts

Anti-neutrino
-l ‘\ * Enlarges sample
. Gadolinium g
\cnarged * Extra wrong-sign
lepton :Gamma rays ConStra i nt

i Baby-MIND, the forward Wagasci detector, is a
mia d e B proof of principle for low-E magnetized MRDs
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The TITUS detector
2kton Gd-doped (0.19,) water Cherenkov

~2km from J-PARC M\Q\

2.5° off-axis

L]
Y I
o0 ®°® " e
o 0 ® % " e o L]

- § - Magnetized Muon
o / Range Detectors
8 MeV gamma cascade ; 22 m &

with 4-5MeV visible energy * ?dan Vagdate G(’it |
e epenas on Cuts

Anti-neutrino J

o N\ cwmn | an accelerated schedule, | : Enlarges sample
l.%%?é%e" e 1 8IVEN the T2K*3 motivation xtra; Wf‘org-SIgn
: R — constrain

i Baby-MIND, the forward Wagasci detector, is a
RIS P, | | (e proof of principle for low-E magnetized MRDs
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Gadolinium Doping

* Neutron capture on Gadolinium: L ren X,_;,,\
‘ = Gadolinium

— Cross section of 49,000b compared to 0.3b for H l
— 8MeV gamma cascade with 4-5MeV visible energy

Charged
lepton " Gamma rays

— 0.1% Gd doping: ~90% of neutrons capture on Gd

Originally detectable signal New signal

* New signal to distinguish v /V events and different interaction modes:

— v, CCQE: Vytn 2 W +p 0 neutrons
— v, CCQE: V,tp2>Hu+n 1 neutron
— v, MEC: v,+(n+n) > p+p+n 0.2 neutrons on average
— v, MEC: v+ (p+p/n) > u+n+p/n 1.8 neutrons on average
CCQE . MEC "
* Greatly enhanced sample purities: Vi H “}N
1
— v, CCQE: 36% > 67% A XNA, N N
— V,, CCQE: 63% -> 88% — A

* Feasibility of Gd in water Cherenkov detector being tested in EGADS arXi
1201.1017
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10000

Neutron multiplicity

Precise neutrino energy reconstruction requires understanding of the hadronic
system
Improve neutrino interaction physics around 1 GeV

- ¢ 60000
u — - eeeeees
= c i
S o - -
- Vv D 50000 Vv
- —— v, p-CCQE 5 —— v, p-CCQE
- v, p-MEC 400001 v, P-MEC
- v, n-CCQE I v, n-CCQE
- v, n-MEC 30000 :_ v, n-MEC
— 20000
: Loeeees -
- 10000~ i |-
' I - A 42 2 4 4 1 1 2 A LA.LI
1 % 1
Num. of nucleons num. of nucleon

GENIE v2.8.0 simulations of neutrino/antineutrino interactions with carbon

target

Clear n signals can be modified by nuclear effects: re-scattering, charge

exchange, and absorption in the nuclear media

Statistical information remains — powerful approach for H,0O
* cross section measurements
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The power to remove wrong-sign BGs

Distinguish O tagged neutrons and 1+ tagged neutrons in 1 Ry samples

CC CC nue and
CCQE 2p2h inelastic NC nuebar
B 423404 30150 59404 2301 294
v 74274 24321 20651 3175 139
FHC
v 822 55 878 109 10
B 5295 952 1179 106 15
B 19071 2036 5959 549 58
v 3420 1621 4034 663 41
RHC
_ 18811 930 11484 548 <[
B 119717 15744 8575 588 61 towarzm

200MeV < E < 1GeV
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Initial sensitivity studies from the proto-CM

* Smeared MC truth

* Resolution and efficiencies from SK-tables
* Assumes TITUS can achieve the same performance as current SK fitQun
* Tables are binned by distance from walls so this takes into account
the fact that TITUS is smaller
* T2K NIWG 2012 xsec error model

* with additional errors for MEC uncertainty and neutron FSI

Parameter

Nominal value and Prior Uncertainty

ocp

sin? 2643
sin2 2923
SiIl2 2912
Amg,
Am3,

0.0, uniform in d¢op

0.095, uniform in sin® 26;3

1.00 & 0.03 (~ sin? 26,3 > 0.95 at 90% CL)
0.857 + 0.034

2.32 + 0.10 x 103 eV?

7.5+ 0.2 x 10 eV?

Dave Hadley

© Aug 2015 Intermediate Detectors / Mark Rayner, University of Geneva



TITUS samples

L}
<
<
-
~

—
-
~
<
<

—
P
-
~
P

—
-
-
-
~

—
-
-
-
-

—

— total K 2 2000k — total
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.V, 3 S 7000 Y
-V = y -
...... N ; £ 6000}
— NC E 2 50001
3 3 4000F-
= < 3000F
3 2000, :
1Re v-mode -
E 1000F-..%
0 b, ; I PPN P 1““1.“.1‘..‘1....5 1
0 05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
EV" [GeV] EV" [GeV]
(a) 1Re FHC (b) 1Re RHC
P %Wm e
8 ol — total - 2
g 2500 v 1§ 700
- _“ . s
Ezooo:— ”L ":e 3 £ 600
E S v, ] E soo- | § 0 |
2 1500F — - @
5 NC 1§ 400
3 - ; 3
Z 1000F 3 Zz 300
: ; 200 —
S0} IRu v-mode 1Rp v-mode
- .- PP L3870
% 05 1 15 2 25 3 35 4 45 5 B 05 1 15 2 25 3 35 4 45 5
EV" [GeV] EJ" [GeV]
(¢) 1Rmu FHC (d) 1IRmu RHC
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Selection with the addition of neutron tagging:
Anti-neutrino mode

* In RHC, 239 wrong-sign in 1Ry selection
* Reduce to 89% by requiring21 tagged neutrons
* Signal/BG almost doubles from 1.5 to 2.7

_ I
2] - - 2 —_
-"é‘ 140_ - ‘é‘ 600: —_tOtaI
=) - . >3 - vu
g 120 = g 500 A J
g I 5 J :
s, 100 E S 400F | § e v, =
(7] N : ) R -
80 3 E T — NC :
g C N % 300 —
=z 60F ~ z -
40: - 200
2oF E 100f~
oF . oE btz :
0O 05 1 156 2 25 3 35 4 45 5 0O 05 1 15 2 25 3 35 4 45 5
E%€ [GeV] EV" [GeV]
(b) Nneutrons = (C) Nneutrons > 1
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* In

* Reduce background by requiring O tagged neutrons
* Signal/BGincreases from 2.9 to 4.8
* I[mproved neutrino energy reconstruction(QE assumption)

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02
0

N events [arbitrary units]

Selection with the addition of neutron tagging:
Neutrino mode

FHC, 249, CCother in 1Rpy selection

I[']IT

ITI1IF'III]IIIITIIIIIIIIII]I

-1

=
B
=

L L I R B I B B B o e e S

- total h; g i - total ]
= S 01 v CCQE E
= S o1 v CCQE -
E o . -« CC other ’
- (v - -
- w008 | ] e MEC —
1 3t — N :
= > 0.06F -
] < i .
E 0.04_— -
E 0.02f -
08 -06 -04 -02 0 02 04 0.6 08 1 07708 -06 04 02 0 02 04 06 08 1
E?E ) am/ Egue E?E _ Et’rue/ Egue
(b) Nneutrons — 0 (C) Nneutrons Z 1
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Constraining dcp
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d.p [radians]

10 years at 750kW
Equal POT FHC:RHC

For dcp=0, achieve 0.22

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

o

== 1K only

HK+TITUS with Gd

== HK+TITUS wio Gd

—
-
—
-
- -
-
—
-
-

= HK4+TITUS (stat only)

lllllllllllllllllllllllllllllllllllllll

llllllllllllll 1

1 l L 1 1 l 1 1 1 l 1 1 1 l 1 L

1
20 40 60 80 100
integrated beam power [750kW x 10’s]

179% precision improvement
due to neutron tagging

radians precision with HKonly
Addition of TITUS gives 0.14 radians precision
(369% improvement)
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Full TITUS reconstruction

* newly developed full reconstruction developed by TITUS group
* Based on the ANNIE reconstruction code
* new T2K NIWG 2015 model

* Zero correlation between TITUS and HK detector and FSI effects
* 1:3 POT ratio

WChSandBox: TITUS Simulation

e h ) 0 - - T\
g S0 \ — 6000 r—— ‘
E 1\ A 0 §
4000 - T ! 3 \ 7 .
$ - -_ : ' , " .fé’ 4000 " T . 45
g 2000 \\ e e A = g 2000 s ——
> . \ 3.4 e —— | 3 1 p s
-4 i _&3 J = y
O": L) t : “: l > 0_: B 40
CCOQE | Wy :
s " ‘NCpi0 | 3% i
a0 * 4 p B S R
+ 000 .... + '.-.‘ % Ny 3 It N g " 30
By 2000 ’ 20 %y, 2000 ™ :
!b,ﬁ) 0 ™ ' B 0 ™
By, 2000 T ) IS e W
%)'/ 4000 ‘--'lr- T Ty  on ma AL Enbl ‘ro‘oo 10000 10 /("b/ m”)oo : '._.. ———r——T ——r g — 5000 d"eczmc -
6000 -10000 5000 0 z.aechonm’m 60()0_10000 5000 zmonﬂw (Deam \

plus photosensor simulations...

Nick Prouse, Wing Ma
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Significance to exclude sin dcp = 0

preliminary

I 0 Systematic errors (73% 50, 84% 30)

- | | [ 1) 1 1 \J l A | ] | | _ T"’US . HK (68% &' 82% 30) 1] | 1 ] l | 1 1 | l ] L} L | —
> — Em—— HK thin target (62% 50, 79% 30) —
. HK + ND280 thin target (63% 5c, 79% 30) =
% 1 2 _,_ s HK replica target (63% 5o, 79% 30) t
Q 10 e —
- - —
N
b 8 m -
() C —
vied 6 [ .
m — —e
© - -
o | — c—
- 4 - "
© 2 . —

True o,

These sensitivities will improve with the addition of the outer detector
and magnetized MRD to the simulation
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Significance to exclude sin? 023 = 0.5

preliminary
10 — | T T | 1 1 L | | T T 1§ 1 1 T p—
Vo =1 I I I T I I =
< 9 ;— s 0 Systematic errors (9% 5 o, 7% 30) —
I ] — s TITUS + HK (11% 5 o, 9% 30) o
o = e ND280 + HK (12% 5 o, 9% 30) =
7 == HK Only (12% 5 o, 10% 3 o) =
6 E— =
5 ; ;
3 =
2E- =
1 - =
O : l 1 l A 1 1 l 1 1 1 l 1 1 | i 1 1 1 1 I 1 l 1 1 1 l 1 1 1 l 1 :

0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58

True sin2(923)

These sensitivities will improve with the addition of the outer detector
and magnetized MRD to the simulation
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Other TITUS work in progress B oeneveny -
all preliminary —
Total predicted neutrino flux for | . -
11.2 solar mass progenitor |
mass star at a distance of 10 kpc -

1000

Entries

800

600

400

200

NCn° (750 kW x 107 s)
— ® - Nominal MC

o MRS

_____ _10, M:ES

lllllllllll

=Constraint on Ma

LB .

5 & I

|

]

|
.y -o
T |

o_lllllllllllllllllll‘l_

N .- BT EPRPEPETS EPEPEEr by
50 100 150 200 250 300 350 400
Invariant Mass (MeV / &)

Neutrino Energy (MeV)
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xsections

* TITUS provides a 4n angular acceptance and ability to classify event
topologies.

A statistical separation of interaction types based on neutron multiplicity
provides a new way to measure exclusive differential cross-sections by
Cherenkov detectors

* |t could provide the first measurement of genuine CCQE cross-section
by a Cherenkov detector.

* |tis also expected that the inelastic channels accompany with nucleon
emissions. Detailed measurements of neutron multiplicity also opens a
way to study inelastic channels, mainly Delta resonance.

 Work so far concentrated on software/reconstruction tools and beam
physics.

« We can start to address xsections, NCx°, ratio of ratios (ve/vu)/( Ve/Vu),
ratios v /v, 36/3“, CCQE-dominated CCOn, CCRES, etc.
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And let’s finish up with some general considerations::-

© Aug 2015 Intermediate Detectors / Mark Rayner, University of Geneva
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What do the general HK sensitivity studies say?

What are the most important things for the near
detector(s) to constrain?

Intrinsic I/e backgroundhas potential to limit sensitivity

‘ < |n barou andnghEhave equal contribution to
Sensitivity (at 10% error)

@ Intrinsic ve - <10% uncertainty required, <5% ideal
e High E (>1GeV) - < 5% would be an improvement

e Wrong sign background - ldeal constraint below 5%, 20%-50% much
worse

Raj Shah, VALOR sensitivity studies
1st Hyper-Kamiokande Proto Collaboration Meeting
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Oscillating and intrinsic ve

Effect of prior uncertainty on Effect of prior uncertainty on
0(Ve) and (independently) O(Ve) intrinsic ve flux below E = 1 GeV
5%
F. 1‘7 °
¥ O 0 0 : 0
% 3\\?'5% ‘ %

50
30 _'

0 Ocp /2 plots from Ray Shah 0 Ocp /2

(max [zero systematics) Sce coverage for 55 observation of CPV (s 33%)

3% prior uncertainty on the cross section does as much damage to CPV
sensitivity (~109 coverage of dcp) as 209% uncertainty on the intrinsic flux

© Aug 2015 Intermediate Detectors / Mark Rayner, University of Geneva



Ben Smith has done an ND280 tracker analysis of this

ECal S T Rl phase space
POD FGD1 | FGD2 ECal S 16 NEUT :
TPC1| | TPC2  TPC3 3 ,~
P 8 F ---- GENIE
-t 5 ]2;— | .
o : 2 - I :
< L; 10f —+ T2K data B
\_\". B 8[_ : ! : 5
S all S 6 | —+— ] B
ECal X 45| e i =
. ’)['_T ----- : ¢ t $ ‘ —
- & 4
B g ' T P PR P P FEEE T P ST e
~ e 210 o © 97027040608 1 12 14 16 18 2 22>
S sl " Full phasc spacc o p (GeV/c)
o— - o S
) - s .
g 8 S * Sample is 65% pure CC ve
NE 5 ] ; .
S , PEC * Non-uniform acceptance
= 30 1 &
S f T2K v, flux ke * Large BG from y—e+e-
< - NEUT prediction |, g -
S 2 : GENIE prediction |~ 2 * Largest uncertainties are:
_ i ik ot % e Flux (12.9%)
> 1038z Gargamelle data 1 : . °
L/ —+— T da = o Statistics (8.7%)
O.A“‘l;.ul.1“1“‘.111“lA,“JA‘.Ll.“.l.AA,;“A 8 >°
o 1 2 3 4 5 6 7 8 9 1 , o)
E. (GeV) Detector (8.4% )

We need to pin down the intermediate detectors on this analysis!
We need a careful study of backgrounds
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Another motivation for an intermediate detector:
ND280 has different energy resolution and acceptance to SK/HK

—Acceptance is currently limited to = 53° (forward) for muons

—Extrapolation leads to model dependent error

—Needs to be quantified: concerns ~309% of cross-section?

Improvements can only go so far with the present geometry
Momentum and sign determination are unclear

—

] ] || | | 1 I 1 1 ] | ] I | | 1 |

—e

llllllllllllllllllll

0.8

Efficiency

0.6

0.4

Even with the
same detector,
ambiguities
remain, hence
the benefit of
nuSTORM or
nuPRISM
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Original plot from F. Sanchez’s talk on RPA at the T2K CM  <Q2> / GeV?Z

ﬂ) | | L L L I | | FEEEE =R
o 20F ! | | | | | | | lq) =
~ = | 0 3
% I8 - Computed with = 35
O 16— T2K flux IS
~ F o 3
= 14— Q
o = O ]
12 @sk/2 =20 m = ~4 GeV/c cut (higher in HK) g 2.5
- o .
10 = 0 2
8 N
— ) 1.5
61— 2 »
u = —1
4 = E
-= SK acceptance B
O _I oo |  Lencee] [imon] Lol ol | | hosns] oo | ez fored | | 2 B | I Bt feile] | I Jsaa] | | -.lt..hl" ‘.l | I Ee I: O
-1 08 06 04 02 0O 02 04 06 038 ‘

cos O,
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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o 20 | | | | | | | | Iq) :
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o — O
12 @sk/2 =20 m = ~4 GeV/c cut (higher in HK) g
10 f_ Ltitus/2 =11 m = ~2 GeV/c cut 8
S S
61— it
- =l 1
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- —0.5
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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*Mark Hartz: In the best case scenario where we have a 4 m ID radius and 1T m R
dWall cut, the maximum distance for forward muons to the to the wall is 7 m which COS e
corresponds to 1.4 GeV muons. At 1 GeV, the muon efficiency is pretty high. H
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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*Mark Hartz: In the best case scenario where we have a 4 m ID radius and 1T m R
dWall cut, the maximum distance for forward muons to the to the wall is 7 m which COS e
corresponds to 1.4 GeV muons. At 1 GeV, the muon efficiency is pretty high. H
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Broad-brush reasoning, to provoke discussion...

Physics Systematics Detectors
Wrong-sign BG
ND280
High-E normalization
sSin Ocp
#, Intrinsic ve TITUS-like
low area/volume, mag. MRD
TITUS has lower OOFV BG
O-VG/O-VIJ o7 {} optimization
| nuPRISM has more intrinsic v, at ¢ |
— NnuPRISM-like
COS Ocp | fall and thiv
appearance <E,> Interaction
model
octant of G23 (2p2h, RPA...) (NnuSTORM)
disappearance dip
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Physics

Sin Ocp
Hy,

COS Ocp

appearance <E,>

octant of B»3
disappearance dip

Broad-brush reasoning, to provoke discussion...

Systematics Detectors

Wrong-sign BG

High-E normalization

Intrinsic ve TITUS-like

ey [ow area/volume, mag., MRD

, O-VG/O-VIJ °Y @ optimization
NnuPRISM-like

nuPRISM has more ntrinsic v, af ¢
fall and thin

Interaction
model
(2p2h, RPA...)

(NUSTORM)
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Broad-brush reasoning, to provoke discussion...

Physics Systematics Detectors

Wrong-sign BG

High-E normalization

*What s the Optlmal SytheS|sof nUuPRISM and TITUS? |
-+ Do we need upgraded ND280 and an intermediate detector?]

optimization

B nuPRISM has more tntrinsic v, at ¢ ,
_ NUPRISM-like

COS OcP | Fall and thin
appearance <E,> Interaction
model
oa(c;tant of 323 (2p2h, RPA...) (NuSTORM)
(Sappearance aqip

© Aug 2015 Intermediate Detectors / Mark Rayner, University of Geneva



Backup slides follow
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Rough, ‘Ballpark’ Cost Estimates

2m,
2.2 M€ for iron C am
8.4 ME for readout 1m ¢ o —
10.6 M€ oS

'.»-‘11 :

. " .
. 5 C
.......
~
P
°o @
""
. " :
. ®

® o o o

* % o0 o

- E 2m 1.5 ME for iron
nm / 2.5 ME for readout
; 22m 4.0 M€

We will decide based on sensitivity studies <
1.3 ME for iron o 2m
2.2 ME for readout  1m ./
3.0 M€ A |

-
-----
-
-

. . .
.......
. - "
. .
......

s 0"
« 0 ®
» &' ¢

i 5 2m 1.1 ME for iron

11m / 1.1 M€ for readout
E 22m me, 6th open HK CM 2.2 M€
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neutrino

L=295km, sin?2043=0.1

0.1

0.08 [t

anti-neutrino

L=295km, sin?2643=0.1
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Beam Assumptions

* Assume
— horn current 320kA (v mode), -320kA (v mode)
— 2.2x10* POT /spill
— Spill window 1.3ps, rep rate 1.3s
— 8 bunches / spill
— Bunch width (1o) = 25ns

* 10 years running:
— 1.56x10%% POT for a 30 GeV proton beam
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M. lIkeda, Tuesday

Improvement for T2K By Pablo
Number of tagged neutrons in T2K energy range

08E"""""'""'N'Eu'Ts'.l'.4.'2_§
07 E [ ] v1-ring e-like _§
0'6 777] v 1-ring e-like =
0.5 Atmospheric neutrino E
0.4 1-ring e-like sample =
0.3 0.5 GeV<E, 6 <0.7GeV —
0.2 —
A Assuming n-tag efficiency of 80%. =

0.1 > (capture eff.=90%, Gd-y det.eff.=~90%) -
0 — —

0 2 4 6 8 10
Gd-tagged neutrons

Using n-tagging information, v, ID (v, missID) eff. ~70%(30%)
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— https://indico.cern.ch/event/378508/contribution/12

Alain and Yokayama-san, Upgrade talks at June T2K CM

Raj Shah and Mark Hartz’ talks at this meeting

— http://indico.ipmu.jp/indico/contributionDisplay.py?contribld=29&confld=67
— http://indico.ipmu.jp/indico/contributionDisplay.py?contribld=60&confld=67

Federico’s HP-TPC talks at the ND280 upgrade sessions

and thanks to:
Alain, Yordan Karadzhov, Leila Haegel, Lorena Escudero, Jeanne, Mark
Hartz, Emilio, Raj Shah and Sawndro Bravar for their input

16.07.2015 Near Detector Upgrades / Mark Rayner, University of Geneva


https://indico.cern.ch/event/378508/contribution/12
http://indico.ipmu.jp/indico/contributionDisplay.py?contribId=29&confId=67
http://indico.ipmu.jp/indico/contributionDisplay.py?contribId=60&confId=67

Strong motivation to upgrade ND280

_ wext steps: double rep. rate with new
power supplies, fast Kickers and higher *
S ‘ gradient RF tmprove oss controls 1 MW 2?22
% , Further with more'feedbacks  ,° Hyper-K
O | o
0 i
o|  750kW . Can achieve 2-3 times the
E E  original request ° requested T2K I?OT by_2025 when
= | : . Hyper-K begins taking data
= .

o What's more, we surely want to

° keep ND280 for Hyper-K

365 kW as it provides unique information.

SSSSSSSSSS

e Ll If we want to keep ND280 alive,
we should update/upgrade

100 & T I
o .
¥ )
50 £ i i e ;}',
ST | (| | " e N
0 T R S A S I TS S SR PSS AAPYs SRRSO A IR
2010/01/01 2011/01/01 2012/01/01 2012/12/31 2014/01/4 y 2015/01/01 A P,
2010 2020 2025 time
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Foreseen ND280 tracker TPC statuses in 2025

Must refurbish gas system
—Drives operation cost, not negligible

Must upgrade the DCC back end readout electronics

—However the rate of channel failures is small so Micromegas
and front end electronics would not need major work

Possible upgrades

—Reduce the DCC front end readout latency
—Increase robustness against high occupancy events

TPCs look sustamable
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Foreseen POD/FGD detector statuses in 2025

— ~bH9, / year in MINOS, MINERVA

—Serious problem over the long term

Big question mark over scintillator detectors

Expect all DAQ components to fail at some level over the next 5-15

years
—Continuing backend board connector availability?

—The electronics Is obsolete: impossible to build spares
<19, of TRIPt frontend board have failed: >109 spares

5% of the backend board have failed: 209 spares
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|s a water target Parameter Value

-~ , O . .
a key feature? mlill._l‘llll({lilllolillt{llll’_‘llllt{]lllll\l)
M2
will go from
J. Myslik, BANFF report, 100% to ~25%
June 2015 T2K meeting WIEIHIRCIASION

of FGD2 (AK)

- Prior to ND280 Constraint

After ND280 Constraint

¥ not constrained

Isospin = 1/2 bked

Oxygen parameters P “<P%e8 1
Ve/V,

require a fit to
a water target CC Other Shape

AdVNINITddd

FGD2 has water : LC Conerent "O
layers, however... NC Coherent
NC Other

llllIllrlllllll llllll
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A limitation of the current detector:
FGD2 is only 409, water, short track reconstruction is difficult

Two solutions have been proposed...
80% and 709 water respectively, and can reconstruct short 3D tracks

A Wagasci style scintillator grid Water-based liquid scintillator
250n, A | 00/ | Mylar straws painted with reflective
i & / ., paint on the outside, WLS fibres
l ' strung inside the straws
‘ 5.0cm | |
"II.S(m
; E’m
sideview topview L
T T
y, ;
: f
St f
oo ’ 5 mm cell size

/

R FF LS P PR SRR aSSSSSIEEEiid Stanley Yen et al., TRIUMF
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-AS(.J.Q: Cam SMCL\ a farg.ef‘ b.e blg .Qmouglq? <107 Far/Near Ratio. Positive Focusing. v,,

FGD1 is 1.07m3 or ~1 ton 50 :
far/near flux ~ 0.6 — 0.8 x 106 < 8 B
[ ] [ ] [ ] [ ] _l -
—statistics at 280 m in 1 ton is 0.6 .
equivalent to ~1.4 Mton at HK — ]
0.4 _
More than enough for HK T P Rt e e
(particularly as the disappearance is 5 "I Total Uncertainty )
almost complete and appearance s & | —— HadronProduction Uncertainty :
Sma//) 8 : —— Other Uncertainties :
, oo = .05 -
Aside: Is L = 280 m << T km limiting? = | — —
Uncertainty on FD/ND flux is < 29, % ]
1 1 PR I T TN SR SN SN SHN SN S | R TR SR SR RN SN SN SN
_ % 1 2 3 4 5
The detector being close to the E. (GeV)
target is probably not a
fundamental limitation 2015 analysis with 2009 NA61 data
(quantitative study is envisaged) further improvements are possible
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UA1 Magnet Yoke

basket
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[ .
Let’s assume (for now)

that we replace the ECals
UNR P 8. sensibly and now just
redesign the contents of
the basket

basket
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UA1 Magnet Yoke

basket
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UA1 Magnet Yoke

basket
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UA1 Magnet Yo

basket
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Another [imitation:
Different energy resolution and acceptance to Hyper-K

—Acceptance is currently limited to = 53° (forward) for muons
—Extrapolation leads to model dependent error
—Needs to be quantified: concerns ~309% of cross-section?

Improvements can only go so far with the present geometry
Momentum and sign determination are unclear

1

p—

] I 1 ] 1 1 I 1 1 ] | ] I | | 1 1

g

Even with the
same detector,
ambiguities
remain, hence
the benefit of
nuSTORM or
nuPRISM

llllllllllllllllllll

0.8

Efficiency

0.6

0.4

LI L I L L L B B L B L
Q
®
©

0.2

A
o
B
"
e
.
L

0
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2
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q2> / GeV?

f) L L L L L L b b FEEEE R
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3 14— of the spectrum 0,
o n O -
17 @sk/2 =20 m = ~4 GeV/c cut (higher in HK) O 2.5
10 - RP{-\ etc can e|_1hance and suppress o 5
= various Q? regions — to understand g
8 — what’s going on we would like to see the N 15
E whole kinematic space -
O Z B
- .
4=
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?

20 L b I [ [ I L I R S |
o mEnN | | | | | | | |q) =
\ -
> 18  Computed with = 3.5
> 1°F p =
O 16— T2K flux s
™~ ~ =5 3
S — Q
3 14F o
17[E= @sk/2 =20 m = ~4 GeV/c cut (higher in HK) = 2.5
10 f_ Ltirus/2 =11 m = ~2 GeV/c cut () 5
= Quprisw/2 =5 m = ~1 GeV/c cut* g
S |
m o =15
6 Z
- & 1
2B —0.5
0 —0

1 08 06 04 02 O 02 04 06 08 1

*Mark Hartz: In the best case scenario where we have a 4 m ID radius and 1T m R
dWall cut, the maximum distance for forward muons to the to the wall is 7 m which COS e
corresponds to 1.4 GeV muons. At 1 GeV, the muon efficiency is pretty high. H
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Original plot from F. Sanchez’s talk on RPA at the T2KCM <Q?2> / GeV?
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- ND280 upgrades...
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*Mark Hartz: In the best case scenario where we have a 4 m ID radius and 1T m R
dWall cut, the maximum distance for forward muons to the to the wall is 7 m which COS e
corresponds to 1.4 GeV muons. At 1 GeV, the muon efficiency is pretty high. H
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It Is good to measure the full kinematic space for muons
and even better to do it for electrons
Upgraded ND280 is the only proposed solution to have this ability

High energy electrons and muons can be well measured in the ND280 magnetic field,
we should quantify the precision needed and achievable — it is only a matter of the
space we leave in the forward direction for TPCs.

The ve flux in the low
energy (E<1GeV) region is
intimately tied with that of
the vy, as it is produced by

muon decays, the muons
being themselves being
produced by the decays of
pions which produce the
same low-energy part of
the neutrino spectrum

:-.(;1065— — Total
=~ [ A.Haesler K
21055— — K
> F —H
g .
o10% E
30 %
N
=
S10°
P
3 ;
“q02
101 1
0 7 8 0
E, GeV)

Ve flux composition at SK
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UA1 Magnet Yoke

basket
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basket
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UA1 Magnet Yoke

basket

Given large 013
backgrounds are
less important —

replace with HP-

TPC to study
Interaction model
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UA1 Magnet Yoke

basket

High-Pressure
TPC
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Y ———75m
. Several

parameters need
UA1 Magnet Yoke to be optimized

M by simulations

basket

/

L \2.5m
»

et

High-Pressure
TPC

\ . And should we swap the

— existing TPC and HPTPC?
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Can we eliminate side-TPC = HP-TPC?

Auvother tdea: Side HP-TPC + Wagasc

M HP-TPC target for model studies
™ High-angle water reconstruction
™ Short-track water reconstruction
M Only one new TPC to design
@ More continuity with ND280
™ HP-TPC not surrounded by POD ECals

ECals

POD

(7c0-
------------------- detector)

technlcal

difficulties?
16.07.2015 Near Detector Upgrades / Mark Rayner, University of Geneva
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Can we eliminate side-TPC = HP-TPC? '
Or two side AP-TPCs + Wagasc

- With different gas cocktails?

- (because it’s tricky to switch gases)

- Could select gas mixtures with A
above and below oxygen

basket

(70-

technical

difficulties?
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F. Sanchez, M. Ravonel

Low threshold detector to pin down nuclear model Mode 1| o

High Pressure Time Projection Chamber = |

500-

Advantages Key point: 0

- Target = detector. these proposed g
- 3D reconstruction capabilities ez k (At g | B0 1 2 04

- Possibility to exchange targets FEyTs big enough to _’1&9ng

-+ low density — low thresholds 0 |
. excellent PID capabilities get a good number EEEL SN .

. Almost uniform 4m acceptance of events

Calorimeter for neutral

Disadvantages | energy containment
- low number of interactions —

requires high pressure and large P
oeTes En B 5 tiracker or
-+ requires in addition a magnet or range
range detectors to measure detector
momentum

~30,000 CC events in He at 5 bars
A factor x5 for Ne and a factor x10 for Ar
(8m3 detector, 4 years, 1.6 x 102! POT/
year)

Ar / He / Ne
target

http://www.t2k.org/meet/nd280/meet/
NDupgrade/ NDWS-Jan14/NDWS
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Comparing liquid vs gas argon

o Curioni, LBNO ND working group, 2012
liquid Ar

—_ 1N : -— 1& ¥ T T L] L] mg
£ € § <
E? 115 8 % 1% 8
H 110: § S 110 ?50§
T 105§ = %= 105§ -
- 8§ s g
100k 5 wfk N 100 3
ast g as b : 3
- -
o0F a0k 50
85- %-
80 Rk o
RN RPSP—— A A T avares WATGISUNS TSy
100 110 120 130 140 150 100 110 120 130 140 150
20 b view 0 length (om) view 1. length (om)
E . - % g ; YYYYYY §
=~ 180 = . 180
g "F 8& F 8
_g 160 0 & g 160 F 150
¥ < s <
s 140} 2 © 1of o)
: >
120'- - wi 'x.} [ ‘m§
3
100+ \ —~ i 100 - > ’
'
80 \ 80
60 60
0O 20 40 60 B0 100 120 140 80 'O 0 20 40 60 B30 100 120 140 Y80 '8
view 0. length (cm) viow 1. length (Gm)

Beautiful and interesting, but how would we use these short tracks?
(If the MC is perfect, we don’t need to fret about energy reconstruction...)

something must be done!
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Two tricky issues with big sensitivity ramifications:
Oscillating v, and intrinsic v,

Effect of prior uncertainty on Effect of prior uncertainty on
o(Ve) and (independently) O(Ve) intrinsic ve flux below E = 1 GeV
, .w 5%
0%, 19 ?’0& 4 0;% 10%
g 0 0\\ 5% ‘ o

n/2
(max [zero systematics] Sce coverage for 55 observation of CPV is 33%)

0 Ocp /2 plots: Raj Shah 0 Ocp

3% prior uncertainty on the cross section does as much damage to CPV
sensitivity (~109 coverage of dcp) as 209% uncertainty on the intrinsic flux
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Ben Smith has already done an ND280 tracker analysis of the nue x-sect.

5 1s£ i~ Frovsanny
ECal 2 : -
, S 165 NEUT :
POD FGD1 | FGD2 ECal ~: :
TPC1 TPC2 T/PQS 8 : ---- GENIE ’
‘ /.- 0 12:__ '___;
P :C, - : N
- . £ 10f | —+ T2K data |
i = - s
\ &) 8L | ! . .
e\ s 6 | + - B
- X 4y | s | [
] ECal 5 2;_-+— +——+—— 4 |3
B n ' T FETE FETE FTTE FTEe FEee FETe FTTs SR e |
~ T o T T 010 A~ o 02 04 06 08 1 12 14 16 1.8 2 22>
§ sol- " Full phasc spacc S p, (GeVic)
< - =¥
Q - o=
g b B 2 « Sample is 65% pure CC ve
£ f dil .
I : | 1o 2 * Non-uniform acceptance
= 30- A
= T2K v, flux e * Large BG from y—=e*e-
~ ] NEUT prediction | , g -
8 2018 £ GENIE prediction " = e [Largest uncertainties are:
O ] +— NEUT average 1 o
o I ,_—__f : - -» -- GENIE average | X o o
> 10 [ / ’ ¢ Gargamelle data f - FIUX ( 12 9 A)
- 4 - 5 5
B T = e Statistics (8.7%)
O_A ................... bossadaaaa ool a1 1l1.18 >°
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Also cf. Mark H’s talk from the HK proto CM for a nice discussion

How might we best tmprove on this tn an NDZ280 upgrade?
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The importance of the ve/ vy X-section ratio

t P
Theoretically, the CP asymmetry is : Aé'p =

"Ve—Pvu')\Te Sil‘l 6cp
oC
Pvu-bve+PVu->Ve cos 6CP

Vi

eas Né—Ne l_r

. : Am — —
What we measure is : Acp N,+N, 1+r

2 ND SK
I Py | O €

— cpu SK SK __ target e e
Where Ne - Lz Pvu 2 v, Ntarget G, € = NP- L2 NSK OP« ND PVu v,
SK SK target eu

with: R, = —*

L. Haegel
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ATy [ Constrain wrong-sign BG

NOT AN (B-field+TPCs)
EXHAUSTIVE S M High-E constraints*
LISTI M Wagasci-style water target
| with short-track resolution
. i acceptance T -
wal\/Q{y favour T upgrade
TITUS or 4.75 m
NDZ80+nuPRISM? |

=y
S ™ Interaction model
«— 22m independence
. : 0M 1 Same detection
M Constrain wrong-sign BG
method

(Gd & magnetized MRD)
M Same detection method
™ Higher-E sample with MRD*

M Sterile neutrinos

*seems important for CPV sensitivity, cf. Raj’s talk
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ATy [ Constrain wrong-sign BG

NOT AN (B-field+TPCs)
EXHAUSTIVE S M High-E constraints*
LIST M Wagasci-style water target
_ ~ with short-track resolution
. i acceptance . € And what about a HP-TPC?
naively favour y upgrade B> Do we need a clear
TITUS or 475 m measurement of small recoil
' . lei?
’/- nuc
NDZ80+uuPRISM? l B> Also: ve cross section and a

constraint on intrinsic Ve

R (excellent kinematics)

=y
e ™ Interaction model
«— 22m independence
. : 0M 1 Same detection
M Constrain wrong-sign BG
method

(Gd & magnetized MRD)
M Same detection method
™ Higher-E sample with MRD*

M Sterile neutrinos

*seems important for CPV sensitivity, cf. Raj’s talk
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Conclusion

Do we need a water target?
309, water, bcm-grid 3D-tracking Wagasci target

After taking 107 or our original POT request tn 5 years, we can

achieve 2-3 Himes our request by 2025 — and then Follows Hyper-K

It may be advantageous to upgrade the acceptance of the target to
match Super-K/Hyper-K’s by introducing new side-TPCs

POD s [ess strongly motivated given large 013

—There is space for a High Pressure TPC
—What better tool to study interaction model effects in detail?

Other issues

—Probably need to replace ECAL — expensive

—Introduce a range detector in the basket?
Simulations and quantitative predictions are underway
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Backup slides follow
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F. Sanchez, M. Ravonel

Low threshold detector to pin down nuclear model Hode I o

zmm

High Pressure Time Projection Chamber

500

Advantages °
- Target = detector. 500
- 3D reconstruction capabilities 0004 ||| |
- Possibility to exchange targets RN = =)
+ low density — low thresholds 0 N\ o
- excellent PID capabilities Fmm A e %0
+ Almost uniform 41 acceptance X mm

_ Calorimeter for neutral
Disadvantages energy containment

- low number of interactions —
requires high pressure and large ——
volume v dCKer or

+ requires in addition a magnet or range
range detectors to measure TD
momentum detector

~30,000 CC events in He at 5 bars
A factor x5 for Ne and a factor x10 for Ar
(8m3 detector, 4 years, 1.6 x 102! POT/
year)

Ar / He / Ne
target

http://www.t2k.org/meet/nd280/meet/
NDupgrade/ NDWS-Jan14/NDWS
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Comparing liquid vs gas argon

Beautiful and interesting, but how would we use these short tracks?

6 Aug 2015

liquid Ar

Curioni, LBNO ND working group, 2012
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“a toy to have a brainstorm for the future” Allchikawa
Could we use the nuPRISM concept at ~280 m
with an FGD-TPC type detector?

Z-chamber configuration FGD
(see next slide)

N\

This TPC design isn’t

: : TPC TOF
practlcal, but the idea toroidal super-conducting 7-EGD
IS rather ingenious... magnet( refrigegt-free) /

i

—_—— =

movable to cover various off-axis position cf. upgrade session at last T2K CM

Or more simply, a magnetized MRD behind a Wagasci/PM-style target?

informal chat, MH
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Additional effect of High E(> 1GeV) uncertainty

(\)2< :l r— 1 7 rrrrrrrr T T T -:oEnof
- Y 10%
14 — .
I - = high E v, 1% + 3
© 12:— w high E v, 5% + y
- = high E v, 10% +
10:_ "898 high E v, 20% + &
8 =
61— =
a=  F 17 1 -
e f V \ -
= L 1 l L 1 1 1 I 1 1 1 1 l L 1 1 1 1 L 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 l—
0 -3 -2 -1 1 2 3
[({ustrates wnterplay of high-E numu Flux uncertatnty Input 9,

and antineutrino cross-section unceratinty on CPV seusitivity

NN

Up to 2x reduction in sensitivity when high E error considered with
Increase error beyond 5% makes no difference
Constraint between 1%-5% necessary to improve sensitivity
Raj Shah, VALOR sensitivity studies, this meeting

Raj Shah (Oxford) R HyperK Studies June 30, 2015 8 / 68
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Downstream MRD Detector
- Magnetized Steel / Scintillator Detector

3% precision H20 / CH x-section ratio

Side MRD Detector
- 4 Modules

Wagasci
Wagasci collaboration

‘The B2 experiment’
- 3D scintillator grid filled with water

- Side MRDs and end MRD (magnetized)
- Excellent phase space coverage

V4 S.Ocr‘r/
2.5¢m ’ﬁ/

H,O/CH Detector
- 2 Water Modules
- 2 Plastic Modules

J J l (- - 5120 Channels
’ ‘ |
-y Z_A sideview topview
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Straws and WBLS - a better target for ND280?

Water-based liquid scintillator
Stanley Yen, TRIUMF

Current FGD2
e Dead regions

« L ow energy recoil protons produce no signal
N passive water

5 mm cell size

/

mylar straws painted with reflective
paint on the outside, WLS fibres strung
inside the straws

Water-Based Liquid Scintillator (WbLS) at Brookhaven National Lab
« WbLS-1 709% water 1000 optical photons/MeV
« WbLS-2 709% water 1500 optical photons/MeV

compared with pure liquid scintillator (BC408) 10,000 photons/MeV
Currently measuring light output using TRIUMF cyclotron

http://www.t2k.org/ndup/ general/meetings/ 20150203/
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Stop water vertices migrating between pOdules - two methods with WBLS
http://www.t2k.org/meet/ndup/general/meetings/ 20141005/NDup-20141005

POD Water Bag Upgrades

Ryan Wasserman, Norm Buchanan, Walter Toki, Colorado State University
liquid scintillator linear alkylbenzene (LAB)

_ v direction
SiIPM Readouts
= m m w m m'm m intillat
X-scintlator
layer /,'_‘

vl

option 1 option 2

4

y-scinhllato%

layer

Curved Y11 optical fibers .SiP.MS and LAB
placed into POD water inside POD water m;m%,,-
bags doped with LAB modules

SiPMson 20 cm
centersinxy -

G LAB Doped Water v

3

Y11 Optical Fibers

Plans to create a 1m x 1m scale prototype detector in HEP lab at CSU
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Neutrino beam mode 1, — v, uncertainties:
Error source [%)] sin© 2603 = 0.1 sin“260;3 =0
Beam flux and near detector 2.9 4.8
(w/o ND280 constraint) (25.9) (21.7)
v interaction (external data) 7.5 6.8
S . Far detector and FSI+SI+PN 3.5 7.3
What are the limitations? Total 3 8 11.1
A. Near detector and far detector are different A quantitative re-projection of

_ these causes of errors is necessary
AO. flux at near detector and far detector are different. 1 S T

The FD/ND ratio is however quite well known to improve.

Al. Near dector is scintillator not water
However cross-sections on water are being measured using FGD2 (409, water) ,
by subtraction from FGD1 with proper weighting, or by identification of events in
water
-> it would be better to have fractionally more water in target.

A2. Near detector has different E, resolution and acceptance than far detector.

Acceptance is presently limited to + 53° (forward) for muons, extrapolation leads to
model dependent error. Needs to be quantified -- concerns 309, of cross-section?
We can now get larger angle muons but momentum and sign determination are

unclear.
Efficiency for photons is different? (is it sufficient to estimate correction?)
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