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OBSERVATION OF HIGH-ENERGY NEUTRINO REACTIONS AND THE EXISTENCE
OF TWO KINDS OF NEUTRINOS*

G. Danby, J-M. Gaillard, K. Goulianos, L. M. Lederman, N. Mistry,
M. Schwartz,T and J. Steinberger

Columbia University, New York, New York and Brookhaven National Laboratory, Upton, New York
(Received June 15, 1962)

In the cours DISCOV@ " ~t the Brook- duce 1 mes
haven AGS, we have uu. r)’ of hence are v

of high-energy neutrinos with ma.. V f laVO r involved in

PRL 9, 36 (1962)

Progress of Theoretical Physics, Vol. 28, No. 5, November 1962

Remarks on the Unified Model-of Elementary Particles

Ziro MAKI, Masami NAKAGAWA and Shoichi SAKATA

Institute for Theoretical Physics
Nagoya University, Nagoya

(Received June 25, 1962)

I Bheory of neutrng *Prog.Theor. Phys. 28, 870 (1962)

* of neutrinos. Based on the neutrino-mixture , )
particles is constructed by generalizing the Sakata-Nagoya model.® Our scheme gives a
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7L —/\—EFIREE BE=EHIRRE

Vo a0

Vo> = cosB|vi>+sinB|v,>  O:mixing angle
V> = -sinO|Vi>+cosB|v2>  Am?=m,%-mj?

27 L—/\—DIEE

P(Va—Va)=1-5in?20 - sin?(1.27 Am?ev * Lian)/EfGev]) Disappearance

P(Va —’VB)=Sin226 . sin2( .27 Am? - L/E) Appearance
D
IRE#E (LUE) — Am? =
Mg — sin?20 R
1
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Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix

( s\ )
( 1 0 0 \ C3 0 s3e ’ ¢, S, O
Umns=| 0 ¢y 5y 0 | 1 0 —S, ¢, 0
X 0 =5, €y N _513615 0 Ci3 N 0 0 1 y

Sij=Sineij, Cij=COSeij
4D DIRILIRINT A —5:012,023,03 0

IRESR I,
P =0,;—4> ReU,U,U, U, )sin

}

=1
umi

, (mjz. — ml.z)L

4E

J>1 %
: . (m;—m))L
2 Im(U, U,U, Uy, )sin— v
J>1 %
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(LSND anomaly)
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“atmospheric” region
maximal! —> 023~45°
sigh! —p \Am232\~2.5>< |03eV2 107

Ar? [eV?]

“solar” region
0,,~34°

Am22|~7.8>< | 02eV?
107

013<12° (before June 201 I)

No information on 0 (CP) | it
1074 102 10" 102
tan2o
http://hitoshi.berkeley.edu/neutrino
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CPH| % T I&
o V& RvZ L - MiERzzVE—L
® “conventional”’ v E—/\ = Vy

o " = u* + v : DI EL >99%

® Disappearance C (X CPiE 1178 L) — appearance
o v: DETE IFEEE (T lifetime < ps)

® CPV — complex phase = /4518
® solar (small Am?j3) & 03 (“small”)

Promising method : P(Vu—Ve) vs P(Vu— Ve)
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New VT Candidate Event

Second V1 candidate at OPERA
(M.Nakamura, NEUTRINO2012)

2000 pm
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A=IN\=7NIANYTTH

[ = — = rs— Xiv:1206.0328
e KK =Za—hrY /DRILT o
Zenith Distribution
=4
rTchk\I\J *‘T%%.if g f
é” 2500 + ] vtC.C.
== == i
Eﬁ'%%b J? o i_ Others.
EIRILE— EHS 1Y 2000 _%)_ —{>~
THED R EEF A LB S\ S 1
o 10 150( T =
100
't' \}
® 3.80-@ /%\JXT -
" o
= ZH-< i
Td){EF%—:’iﬁ/ﬂu - -
07 08060402 0 02040608 1
cos(©)
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Promising method : P(Vu—Ve) vs P(Vy— Ve)

P(v,—>vV,)- P(v ev) 51112912 S

ACP
P(v,—>vV )+P(v ev) sin@, ,

P(v, —V,)=sin>6,, - sin?(1.27Am>L | E)

~0.5

oi_é_ SIE 7z 8l %

BFEILEE (&FEX) —a—hYU/IREIER ZDIE, T DFXXE /PPP2012 @ B 11
Thursday, July 19, 12



Iﬁk,‘\\fokllg?é % |

o IMEZFFEER o [RFUFEER
. o [%(+HK): Double Chooz (201 1-)
e K[E: NOVA(2013-) e #E:RENO (201 1-)
® E~GeVDE—LAT, e F+3K: Daya Bay(201 |-)
ViV DZEHZIER 0 E~MeVDVe P Vyxte) X IER
IR, 3EER BR) EER

Worldwide efforts for measuring 0,3
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~| V interaction / day
a(VN)~10fb @I|GeV

J-PARC 30GeV PS
(KEK-JAEA, Tokai)

Super-Kamiokanjig
(ICRR, Univ.Toky@}§

-
N35° OBY
2065kmr s

— f\:@lmperialp‘ ace  Iokyo, Japan

. 0] Tokai-to(2)-Kamioka

-

L'i

Search for vy—Ve (83) ~10'> v produced every ~3 sec
*Precise meas. of Vy—Vv,(023)  almost pure (99%) vy beam
*Sterile v, other surprise!
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T2K collaboration
May\ZOI | @KEK § | ;/ ‘Sﬂpéﬁkesﬁ‘e?rson:’l’.Kobayalshi(KEK)
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International collaboration (~500 members, 59 institutes, |2 countries)

AA~80A < 5L\
o «[j 'y
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Intense beam

™, TL T 1T, K
protons

Near detector

HoaT < Rod,

KXERZE o Off-axis

BIES (RX)
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Near detector Gigantic far detector
T, T, 11, 7T

V,V,V,V
protons

TR LR AR

—31GeV/c p+C I - ﬁﬁ%}l‘%,‘;

I
ToF-F
. |

L e .

NAG6I@CERN | e =
Tar « NEEE—L, KBE=%RHs
KRR ZE o Off-axis beam, TMEAVHIE, BIETE 2y
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Signal & background

® Signal = single electron event

® oscillated V. interaction :

e
Vet Vo e
¥ e
CCQE:ve+n—e+p
(dominant process at T2K beam energy)
E. — mn, B — mj /2 — (m2 — m2)/2

mg,, — E; + p; cos 6
® Background

® |ntrinsic Ve in the beam
(from M, K decays)

® 11Y from NC interaction

(TT°=YY)
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Super-Kamiokande IV

Run 999999 Sub 0 Event 454
10-02-15:01:25:39

Inner: 2208 hits, 9333 pe

Outer: 10 hits, 9 pe

Trigger: 0x03
D wall: 1479.4 cm
mu-like, p = 1154.7 MeV/c

Charge (pe)
. >26.7

[ ]

[

000

88

[ {

g
® 3.3- 4.7
* 2.2- 3.3
® 1.3- 2.2
® 0.7- 1.3
® 0.2- 0.7
o < 0.2

0 mu-e

688 | decays

516 —

344 —

172 —

O 1 1 l 1 1 1 IJ‘I.I’ILLL"I‘I l 1 1 1
0 500 1000 1500 2000
Times (ns)

Thursday, July 19, 12



Super-Kamiokande IV

Run 999999 Sub 0 Event 209
10-02-17:16:23:39

Inner: 3136 hits, 6453 pe

Outer: 3 hits, 2 pe
Trigger: 0x03

D wall: 1218.7 cm
e-like, p = 701.5 MeV/c

Charge (pe)
. >26.7

¢ 3.3- 4.7
¢ 2.2- 3.3
¢ 1.3- 2.2
® 0.7- 1.3
¢ 0.2- 0.7
e < 0.2

11 1 l 1 11 1 n 1 1 l 1 11 1

500 1000 1500 2000

Times (ns)
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Super-Kamiokande IV

Run 999999 Sub 0 Event 458
10-02-15:01:36:54

Inner: 3366 hits, 8116 pe

Outer: 7 hits, 5 pe

Trigger: 0x03
D_wall: 1443.6 cm
e-like, p = 898.6 MeV/c

Charge (pe)
i >26.17

¢ 3.3- 4.7
¢ 2.2- 3.3
¢ 1.3- 2.2
¢ 0.7- 1.3
® 0.2- 0.7
o < 0.2

1 1 l 1 1 1 IJ L 1 l 1 1 1

0 500 1000 1500 2000

Times (ns)
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Super-Kamiokande IV
Run 999999 Sub 0 Event 209
10-02-17:16:23:39

Inner: 3136 hits, 6453 pe

Outer: 3 hits, 2 pe
Trigger: 0x03

D_wall: 1218.7 cm
e-like, p = 701.5 MeV/c

Charge (pe)
. >26.7

* 3.3- 4.7
* 2.2- 3.3
* 1.3- 2.2
* 0.7- 1.3
* 0.2- 0.7
. < 0.2

1040 —

780 —

520 —

0

0 mu-e
decays

260[»
[ ) E——

500 1000 1500

Times (ns)

2000

Super-Kamiokande IV
Run 999999 Sub 0 Event 454
10-02-15:01:25:39

Inner: 2208 hits, 9333 pe

Outer: 10 hits, 9 pe

Trigger: 0x03
D_wall: 1479.4 cm
mu-like, p = 1154.7 MeV/c

Charge (pe)
. >26.7

® 3.3- 4.7
* 2.2- 3.3
* 1.3- 2.2
® 0.7- 1.3
* 0.2- 0.7
. < 0.2

0 mu-e

516
344 —
172 |-
0 ]
0 500 1000 1500 2000

Times (ns)

=%l

Super-Kamiokande IV
Run 999999 Sub 0 Event 458
10-02-15:01:36:54

Inner: 3366 hits, 8116 pe

Outer: 7 hits, 5 pe

Trigger: 0x03
D_wall: 1443.6 cm
e-like, p = 898.6 MeV/c

Charge (pe)
. >26.7

e e e 0 0
corNnw
coney

v
cornwe

MULbbwLa

0 mu-e

1120 decays
840
560
280 -
/) S I NI I
0 500 1000 1500 2000

Times (ns)
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Particle ID parameter




«=|J-PARC Facility

‘I
o el
<

.‘ ._’adron Exp

'y

BIES (RX)

Thursday, July 19, 12

>
Facility

Za—hMY/IRBER CDIFE, ZDEXXE /PPP2012 @ EHAHf



IR ESVEEER O TS (—R )

e VEERDIZHR, I LM< HZME

CONEB

® |nstantaneous rateld & N7 E < T

SU NS &S

(EBEDERETIEL— M E W ERRE

L Zn DL OR)

o GFZEIRELILL &> & EERHFT > TRD

MR 7ILAN GEWELD 1 U, FX)
o M IChlzc>oTE—LZHT | EL

VEXD 1 U,SX

o 5/RAIC(Z D) J-PARCTIFFX/SXI[A]

FICIBEHER TE /R0

o " RNTFDH < [GFE—LDIXRILF— x # (protons

on target, POT)
o BNRFEBD D DRIFHEREL o< kW

BFEILEE (&FEX) —a—KNUJIREIEE CDIE, T DFXXE | PPP2012 @ B
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REREDEB(D—HE)

o iEDE—ALFARLWITE ... ...
° RfEE
BIREZHBICHTDERITSD, BND

o MUGTHR

e dpal WO B[ ZF LTI D

o MEHML U IcZER, 7K, 2 & DHELL
o XKE

o BIR, MRIE......
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NFTOTFT—YUIE

Delivered POT (Good Spill)

. >_<1 01 8 : Proton per pulse (Good spill) |\ 4 01 2
S a00E 3.11 200kW----- ek 100 2
s - Used for 2011 ¥ . nr 3
— [ . . :
5 250 publication 1 [45kW g0 -
o < q._"_‘_) 7 2 ;g as
g 200 143x10MPOT ¢ £1 = "t (g0 2
e B "o g , 8
S L oof ! |.58x102°POT =40 &
= SRR A T¥. .
Q SN 3 1y by June 2012 - .. 7
soC¢ " b i (021xi00poT 20
E : w/ 200kA horn current) ’”::'" -
0 4+ oy ey ey ey L 0

2010 2010 2010 2010 2011 2011 2011 2012 2012

Apr/01 Jul/02 Oct/01 Dec/31 Apr/02 Jul/02 Oct/01 Jan/01 Apr_llp1
Ime

ABIRBED ZILT—4 (3.01%102POT)IC & B & ER
(NEUTRINO?20 |1 2[RF s T d2.56 % 1020)

BHILEE &EX) —a—hYU/IREIER ZDIE, T DFXXE /PPP2012 @ B 25
Thursday, July 19, 12




— Y —_— _l"| /E—-L\ ‘7:-521~ i
=oiE L | - a—hk) AT, ZREN

VEZ—H '

4

¢ MM (E-LERNMSTRERD)

1
Y

‘/I

Gogle map "

BILNE (EREX) —2—NU/IRBIEER CDIE, T DFEXXLE [ PPP2012 @ B
Thursday, July 19, 12




vZ 7w 7 AMC)
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Super-K

o, ik T 3 g P T
- - 3 -
2 - V. 1 & [ M V. i
= l()“;-].ﬂ v, 1 g W0ES v
= F -L_ s 1 = el :
,[T'\ I()ll T — _ v-. —%‘ t l() . - 3
=, = x—L_ —_— j =, 5 -
;:L : f il __~ _—— ‘-‘:L 4 - . ‘ | P—
o | Ewp~ T |
= = —— : - e W
0 il | 1 i B | | i .
0 I 2 3 4 5 0 I 2 3 4 D
Neutrino Energy (GeV) %\‘%ﬁgﬁ_% |0-1 5% Neutrino Energy (GeV) .
. V(g
Off-axis beam Siuf " d
— = » =3 ~ _ o %) I:_1-2 :— ~ Vv
o IREINTRKNETRS~0.6GeVicE—T T S
<SPLLY: Py
—_— B\ S ~ 06 | \\‘
e S LTXRILF—DVBGIE)IED7H L
0.2 | e
e veD IV H Z<1% 05 s g R
Off-Axis beam PH(G e\/)
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UA1 Magnet Yoke

| * INGRID @ on-axis (0 degree)
' * V beam monitor [rate, direction, stability]

Solenoid Coil { « ND280 @ 2.5 degree off-axis
§ + Normalization of Neutrino Flux
§ *+ Measurement of neutrino cross sections.
Barrel ECAL . *Dipole magnet w/ 0.2T

" * POD: 11° Detector
e FGD+TPC: Target + Particle tracking
e EM calorimeter

¢ Side-Muon-Range Detector

BHILEE &EX) —a—hYU/IREIER ZDIE, T DFXXE /PPP2012 @ B 28
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~

v events interacted in POD with tracks

SR lCERBILTET

v event rate stability by INGRID

0w 2E . :
c - . t Data with horn250kA
2 1.9~ Jan 201 O'Ma)' 20 12 } Data with horn200kA
5_1 BE- : == Mean with horn250kA
+ 1.7E ’ == Mean with horn200kA
=P : :
= 1.6 ++ ”+++H+ t m t ++ %* N 4o Jout .
_.g 1 . 5 = ﬁ£+++.++ .&1 ﬁ* ’:“4“‘#+ﬁ¢i *ﬂ,ﬂ P‘ ﬂd’“ K} ++..‘..+ib+|?h h’mﬂ D‘* MO-*-O* .-"’Nﬁ;W* CJ .” P""‘.:'wt-,‘:wﬂ:’:.
O14E : ’
213E- ;
1.2 i»*;u-
1.15_ T2K Run 1 T2K Run 2 :T2K Run 3
’ = Jan.2010-Jun.2010 Nov.2010-Mar.2011 :Mar.2012-May.2012

going through FGDs, TPCs and ECAL

negative track

TPC PID

positive track

~ 5g el
E ® - —— muons E ¢ - ~—— muons 18
O 45 B electrons 045 - electrons
> — pions 10001 > —— pions 16
@ 4 f rotons 8 ¢ protons
e a few electrons P x .,
-~ 3.5¢
o™ il | B :
7 @ 4 12
(o] 3 !
-; ~—60 - 251 10
o o s
et - 5 ‘
[+V] [+}] T
- —40 c “ g
w w15
¢ 1Z - - - 4
: 20 E - muon+7w
51 0.5 2
0;' PRI ST SRR SR ST ST ST SR S - 0 o; il 1l 1 Ll L | L Ll Fo Ll 0
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
p (MeV/c) p (MeVi/c)

IS (RX)
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day

*INGRID [RUN -3 data]
* V rate stability

® beam direction:
e -0.01+0.33 mrad (x)
¢ -0.11+0.37 mrad (y)

*ND280 [RUN [-2 data]
eexcellent PID and
tracking capability
eidentification of the
neutrino interactions.

29



v DB E @ND280

(using 1.08%02°POT

# Events in Py vs. O, are used in FIT to constrain the flux till Mar.2011)

and V cross sections (MC predictions at ND280 and SK).

e Good negative track in FV.

e | FGD-TPC track
® No decay-e in FGD

150
100
50

E;og;— CCQE sample — E 400 CCQE sample e Upstream TPC veto
=350 S 350

=300 e Data = 200 e muon ID by TPC
Ezso;— — MC w/o tuning 5250 for CCQE

(11200, --- MC after FIT

3 For CCQE selection
g - 05001090 1500" 2000 25.00 30.00 35.00 40-00 45.00 5000 0 500 1000 1500 2000 2500 3000 40% eff. w/ 72% pu I’it)’
P, [MeV] A
200 — -
21802— CCnQE sample Efgg_ CCnQE sample
S 1605 o F ' o —
¢ Data S 1o | 012FDT—5%
£120— — MC w/o tuning € 1405
> 100 o 120
aor --- MC after FIT d 1207 AL TR W\ C & (FHEER
e e
40 C ' O W
: 0 GREZ Y 7T — k)
§ _+ ...... ............... ;r ...... ++I ................... 4:
BT R ﬁﬁ#ﬁ@%@uﬁw
€ o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
P, [MeV]
EILE (EX) —a—hYU/IREIER ZDIE, T DFXXE /PPP2012 @ B 30
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7 2w A+EEOHIFE

72w ADFA| BIEMR L gs DHIE JRm%ﬁTF@T_E 1%
(NA61, beamline meas.) (Pu, Op) (BEDEER, ET L)

- v

i

/

Correlation®b E£ZPANT 7 1 v b

, - | Pre-fit Parameter Correlations
s
s 2.2 BF BECES RRLES RAEES RER D R F I -
o Y3 -,E 2
‘q')‘ - B e —
- S
& B 5
5 23 505 §
Q: v O (_)
m -
> 140
7, L
> -
%
Z b
I\D’QO vV, SKv, SKv, | v Cross
Flux Flux Flux Section
Fit Parameters
EILE (EX) —a— KU /IREIEER CDIE,
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\ After

Post-fit Parameter Correlations

on

Cross

Vv
Sect
|

il

j

Fit Parameters
SK v,
Flux

SK \
Flu.\

ND280 v,

SK v,
Flux

\ID’RO \
Flux

SKv,
Flux

o RofoidainbabaSadal 0§ SadclobeRaSiadabod B § (nlobolel 48 § O

"r"':'l"

_._ 1

-4

|
-
A

Correlation

v Cross
Section

Fit Parameters

SK COFEDATE .

Z DFEXXEE | PPP2012 @ &

A

e
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The predicted number of events

and systematic uncertainties

The predicted # of events w/ 3.01 x 10?0 p.o.t. the predicted # of event

Event category sin® 2013 = 0.0 sin®26;3 = 0.1 distribution

Total 3.224+0.43 10.714+1.10 2 oo B

Ve, Signal 0.18 7.79 ; E Bl w/ ND280 measurement -

v, background 1.67 1.56 fg 3000 sin’20,, = 0 E

v, background (mainly NCr®) 1.21 1.21 2 50000 | N .

— — - » (Nowmal hierarchy) 1

v, + V. background 0.16 0.16 1000- M w0 :
Systematic uncertainties R

Error source sin® 26015 =0  sin®26;53 = 0.1 i 1500 szzenjo 4

Beam flux-+v int. g o) E

n T2K ﬁt 87 % 57 % —c% 1()()(); 3010 x 10° po.t.

v int. (from other exp.) 5.9 % 7.5 % S00f

Final state interaction 3.1 % 2.4 % . , :

Far detector 7.1 % 3.1 % 0 s 10 “ 20

Total 13.4 % 10.3 % Expected # of signal+background events

(T2K 2011 results: ~23% ~18%) Uncertainties are reduced

using ND280 measurement
LS (REX) Za—hU/IREIEER CDIFE, T DFHEXXE /PPP20I2 @ B 32
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ND280 CC-v. and NC-n®

T of Events §

high energy ve

a-MCyo)/MCyio=0.910 26 ;
poster 91-1

[ Slgnal
W w/ 7t
B 1w no 0
no u, i
B no U no n°
Out of POD
—— Data

45 5 55 64
_Reconstructed E, (GeV) 3

e Entries 1 (100 Mevie) J

“IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

Al
AN

Oth BCG i

— Misidu BCG
vy BCG
Ve
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1500

2000 2500 :
__P (MeVic) &

P()D NC n“
Data/MC=0.81+0.21 -

(CC normalization) -

poster 115-1 -

F —
;>
¢ O

@\
=
; ~
)
b=
-]
4 O
v >

100 150 200 250 300 350 400 450 500 "
Invariant Mass (MeV)

¢ Dominant backgrounds for Electron Neutrino
Appearance are measured in ND280.

® Measurements of both CC-ve and NC-° are
consistent with the MC prediction.

® (Check the background events at ND280

for v. appearance.
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Ve candidate event selection

MC Expectation w/ sin22013=0.1
RUN 1+2+3 3.010x102° POT Data Sional - 3 )
vug%ve BG total | CC (vu+Vyu) | CC(Vetve) NC
Fully contained FV at beam timing 174 12.35 165.47 117.33 7.67 40.48
Single ring 88 10.39 82.78 6641 4.82 11.55
e-like 042 10.27 15.60 2.72 4.79 8.10
Eyis>100MeV 21 10.04 13.53 1.76 4.75 7.01
No decay-e 16 8.63 10.09 0.33 3.76 6.00
2y invariant mass cut 11 8.05 4.32 0.09 2.60 1.64
Erec< 1250 MeV 11 7.81 2.92 0.06 1.61 1.25
(MC sin?22013=0 case) (0.18) (3.04) (0.06) 1.73) (1.25)
Efficiency [ %] 60.7 1.0 0.0 20.0 0.9
< —— RUNI1-3 data

Number of events

BIES (RX)
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1000
Reconstructed v energy (MeV)

(3.010x10°°POT)
B Osc.v, CC
v+, CC
CJv+v, CC
B NC
(MC w/ sin°28,,=0.1)

2000 3000

11 candidate events are observed
Nexp=3.22+0.43 for sin22013=0

The probability (p-value) to observe 11 or

more events with 6:3=0is 0.08% (3.20)
X No Look Elsewhere Effect

Evidence of ve appearance

11
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measurements, oscillation parameters
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(fit assuming normal hierarchy, 8, —(')
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Results

Allowed region of sin2263 for each
value of dcp

best fit w/ 68% CL error @dcp=0
normal hierarchy:
Siﬂ2 2(913 = 00941_8828
inverted hierarchy:

SiIl2 2(913 = 01161_8828

This result is consistent with
rate+shape (rec. Ey) method and
rate only method

c.f 2011 result for normal (inverted) hierarchy

sin® 2013 = 0.1179°22 (0.1479°52)

B\ E (BEX) —2—NYU/REER COIE
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assuming sin22023=1

preliminary

68% C.L.
B 90% C.L.
— Best fit

Runl1+2+3 data
(3.010e20 POT)

normal hierarchy
IAm?,1=2.4x107 eV?
I 1 1

68% C.L.
P 90% C.L.
— Best fit

Run1+2+3 data
(3.010e20 POT)

inverted hierarchy
IAm3,|=2.4x107 eV?
l
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The Daya Bay Experiment

* 6 reactor cores, 174 GW,,
* Relative measurement
— 2 near sites, 1 far site

* Multiple detector modules
* Good cosmic shielding

— 250 m.w.e @ near sites

— 860 m.w.e @ far site
Redundancy
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Near Far

O

PSU(

TTTTTTTITTITIT

|Double Chpoz L [km]
1 15 2 25 3

1 Near Detector
L =400m
10m? target
120m.w.e.
2013 ~

Chooz Reactors
4.27GW,, x 2 cores

DayaBay, Double ChoozIC D W (&
SLRINF—Z1—RICEEHDFT
LS (REX)
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b
i
—a =% | Far Detector
L=1050m
10m? target
: 300m.w.e.
e | | April 2011 ~

72% cores
< 05165 GW

e
&

51
Q’
0.95
0.9 1. , Double Chooz L [km]
0 0.5 1 1.5 2 25
Jear Detector
7 Far Detector
16t, 450 MWE
9
Three on-going experiments
. Power | Detector(t) Overburden Sensitivity
Experiment
(GW) | Near/Far |(m.w.e.) Near/Far |(3y,90%CL)
Daya Bay 174 |40 / 80 250 / 860 ~0.008
Double Chooz | 8.5 8/ 8 120 / 300 ~0.03
RENO 165 |16 / 16 120 / 450 ~0.02
sin? 2043 discovery potential (NH, 3o CL) 7 sin? 2643 sensitivity limit (NH, 90% CL)
g ------- a e
g = :; 107! : I3 — e :E|No
Bl NovA vy 7 :," cHoozs / —_— NOvAiv«W
10° Current bound (30) === NOvAvony 10° ! Solar excluded =7 NovAwony )
Huber et al. JHEP 0911:044, 2009 10

http://www.jahep.org/hepnews/
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Daya Bay RENO Double Chooz
(NU2012) (No update @NU2012) (NU2012)
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NuUmbpber or evenis

Ve appearance T2 K/—\,Té
expected significance of Ve appearance 7

b " : | | sin<203=0. | . . .
0 Now e20 88020 sin2205=0.09 combination with reactor
E 6: R | sin226,3=0.08 y ' __T2K 5x10".>1 pqt neutrino mode + Reactors 3 vears _
s | ;P.il’lajchado et al., E\JUZO\Z\
- 5 — - s - ' ; ) Inverted Hierarchy
i / Normal Hierarchy Y2, =198
i ; ; : input P ]
A 74 7 N s P 1
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Vy disappearance (will be updated with full data soon)  anti -V mode runnmg’
10°
20 47 — - | | |
T2K 1.43x10”°POT (w/ syst. error fitting), 90% cL  (FitA) R o |
Reconstrq)cted E . T2K 1.43x10™'POT (wlo syst. error fitting), 90% CL  (Fit B) ) i gg/lﬁ\I%IS_ 2011 v Best Fit 2011 ]
P —+— Data v T ——— MINOS 7.25x10”°POT, 90% CL T [T X * Vi : ’
15_ B Super-K Zenith (preliminary, Neutrino2010), 90% CL T % 5 . m:mgg z!vl 2010 ; zu SZ:I E:: 2010 —
PE e No oscillation &~ Super-K LIE  (preliminary, Neutrino2010), 90% CL 1w - m m ]
B Best fit with oscillation | @ 3~ ‘. S = 1
10_; (sin’20, Am) = (0.99,2.6x10°°eV?) =l Fit A \; N: al -
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NOVA early reach

-

H3F: NOVA

(ver: Apr 2012)

Early Reach 20,0095, 20,2100,

Will start with v running

NOVA Far Detector (Ash'River, MN)
y /o0 G5, s AN c

Far Detector Building — Complete

= Can switch to Vv, any time,
optimizing the run plan
based on our or others’
results

" 50 observation of v —v,
in first year if NH
(even with partial detector
and beam commissioning!)

significance of v, appearance (G)

" MINOS Far Detector

And beyond...

Nominal run plan: 3 yr (v) + 3 yr (V)
= |n this talk: using earlier analysis methods,

(with 6Xx10%° p.o.t./year)

but including new 6,; knowledge
= Taking sin?(26,5) = 0.095

= Representative event counts for d analysis =—p
= These depend greatly on the
specific oscillation parameters

= Signal efficiency: 45%
NC fake rate: 0.1%

SO UTESNIRLN,

> E—L% |

N |

BIES (RX)
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3yr+3yr -. RN
beam=v V 5 A )
NC 19 10 n{de thaII (looking ;ou beforé ¥h block pivoer.

'Vu CC 5 <1 / : And then...

v, CC 8 5 s e 7y
tot.BG 32 15 o\ )
vV, 68 32 N TR U8

i long-baseline neutrino

. ".. o
oscillation experiment, Fffm.!'ab

situated 14 mrad off Chicago
the NuMI beam-axis "

—

\
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® 023 (maximal? octant?)

o IRTEIFSKARKIV2 SR IEIHEZRD (T2K, NOVA,)

® Mass hierarchy

¢ CO>LEDAMCPENDRKEBLEWVWDSADWVWSATZLV
® CP violation (exists? PMNS?)

® U #—7 TIECKM phasef/EN & S D DIREE|
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Vu— Ve IRENAESK
P(v, — ve) = 4028282, .sin A31Leading /'CP violating (flips sign for V)

Leading term o< sin?203
CPV term sin20,3
Matter effect < sin?20,3

For larger sin2203 0.02

signal T, CP asymmetry 1| .4
matter/CP 1

1
matter/CP~0.3 for sin?20,3=0.] @L=295km E, (GeV)

BIES (RX)

Thursday, July 19, 12

—|—8C’f3512513523(012023 COS 0 - 51'2'5'13523) « COS A32 . sin A31 . sin A21
—8033012023512513523&1& A32 - sin A31 - Sin A21
+48%,C%,(C7,C345 + 87,55,5%, — 2C12C23512523513 cos §) - sin? Agy

2 2 o2 L 2 , Solar
—8C 3515553 E(l — 2857;3) - cos Aga - sin Agy

18C2,52,52, a2 (1 — 252,) sin? Agy Matter effect
Amis a = GpN.v/2 ~ (4000 km)~?

Leading(B13)
0.04 Total 295km

_0.06|||||||||||||||I|...........I...
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2000km

IS (RX)
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7 X 1) 77: LBNE

The Long-Baseline Neutrino Experiment (LBNE)

-
"

g&k&k&k&k&kk-\\;Kl&@hl&l&m&;

' Lead, SD

I~ NoNus I IcE ru MiChiga

Wisconsin

‘Phasel’ preferred option - - g Fermiab
IOI(ton LAr TPC ©ZOECZZCOnlezs/GSOpoogtlfmage oW ‘
@ Homestake (surface)

° Jonathan Paley, ANL HEP Division

Data SIO,|NOAA, U.S. Navy, NGA; GEBCO ~ [ A}
Im}(}e © 2012 TerraMetrics (]()()é{ C\ea
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LBNE Measurement of CP-violation

CPV Slgmflcance VS dcp
NH(IH considered), sin (2613) 0 07 to 0.12

Matt Bass (CSUL)

Ash Rlver 30kt —
Homestake 10kt —
Soudan 15kt 7

-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

7
6_

—_ 97

E

®

3

c

©

9

=

=

L=

dp)

o
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6CP/TIJ

Significance (o)

CPV Slgnlflcance VS d¢cp
NH(IH considered), sin (2813) 0 07 to 0.12

| | | | | | | | |
Ash River 30kt + NOVA(16) + T2K mmmm
Homestake 10kt + NOVA(6) + T2K

Soudan 15kt + NOVA(16) + T2K 7

1 -0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1

6CP/TC

Jonathan Paley, ANL HEP Division
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Expression of Interest

for a very long baseline neutrino oscillation experiment

(LBNO)

Plan: proposal by end of 2014
BILNE (EREX)
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LAGUNA-LBNO: LAr LAYOUT @ PYHASALMI

Upper auxiliary cavern (green)
during excavation:
- access for cavern dome excavation

- ventilation outlet

during construction:

- supply for roof construction

during operation:

- processing, electrical and control room
- power transformation

- ventilation power room

direction from
CERN

Main Detector Cavern MDC (in operation):
- equipment sgace/room

- liquid & gas Handling

- clean room ahd clean storage
electronics ef al.

Lower auxiliary cavern (magenta)

during excavation:

- access to cavern invert

- ventilation inlet to caverns

- equipment storage

during construction:

- supply for tank construction

during operation:

- pump installation

- office space AXONOMETRIC VIEW, LAr SOUTH - WEST
- safety and emergency rooms 272012
copyrichTe Kl ROCKPLAN

P
%

SN

LAgvnA

netized Iron Neutrino detector

20kton LAr TPC for Ist phase
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LAGUNA-LBNO

Reconstructed V ene
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Atmospheric v @PINGU

Doug Cowen, NuSky, ICTP, June 201 |

Next Step: Daya Bay-ll Experiment

EpT

Akhmedov-Razzaque-

)/% | *}:I Daya Bay 60 km ¢ 20 kton LS detector IceCube — DeepCore = PINGU Smirnov June 12
~ DayaBayIl ] — .
Near Site ¢ 3%/\E resolution ® ~20 additional strings within DeepCore MH resolution
12 Far Site 1 1 = i |
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= Exotic searches

Distance to Reactor (m)

Talk by Y.F. Wang at ICFA seminar 2008, Neutel 2011; by J. Cao at Nutel 2009, NuTurn 2012 ;
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen, PRD78:111103,2008; PRD79:073007,2009
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J-PARC+HK @ Kamioka T "'
C 0EK OAZ2 Edec Future LBL plans using J PARC
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Lol: The Hyper-Kamiokande Experiment
arXiv:1109.3262v1

J-PARC+LAr @ Okinoshima
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Timelines of Current/Future Projects
2012 2015 2020 2025

| |
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Dark Matter
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CMB satellite i _

SuMIRe imaging
|

BEILYE (FEX) Za— kY /IRENEERR CDIFE, T DFEXXE /| PPP2012 @ EF
Thursday, July 19, 12



INAIN=HZADY 7|‘9a|':|:|'%’§

Water P\nf atiom

o arXiv:1109.3262

____________ e, - -
_______________ : L o e A — __k -
s O iy "’ = 2
\\ —’,’ ”,_’ e /4‘5 \_‘h“ —:")_ /":/ ,-“'-L"
R — - - - - -
- b "L\*:‘\ & ”«—,‘//
Access Tunnel® — Pt e T s e
’1, i o - 3 " - \ -‘,: % .: 3 . <«
' . = “~ " 4
‘ e 18 S e : k

» ‘ \\‘ P e ' v
g \ 7 : - y
/'/\ \I 7/ 2 ‘ “ o
. \‘ _ - A

I - -

| i
p A Cavity ;
VA - Y .
= /’ (Li-ing) S—
- i ~
— -
i e 2D DR
% :
£ 60°%
N
; E ton
oy =

«247.5m -
oE \jJE:E 0.56Mton

22 — JEFRY <—57 C o7t x25 Super-K
o ZNZENDIEIEILSKDF2Z ReZ2SAVFTHAY

FREEIC & PMT e [N7K1E: 20% photo-coverage (=SK-II)
~ MERESKE A% +99,000 201 >/ FPMT
o N\ JKHE (2m) : 25,000 81 > FPMT
R AT [ SRIR AT RE /R 5% 5

BFEILFEE (&EX) —a—hYU/IREIER ZDIE, T DFXXE /PPP2012 @ B 58
Thursday, July 19, 12

N




Ve &R
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n Meeting for the Hyper-Kamiokande Project (21-23 August 2012)

12/05/29 16::

Asia/Tokyo English « Login

pen Meeting for the Hyper-Kamiokande Project

)verview
mportant Dates

all for Abstracts

- View my abstracts
- Submit a new abstract

imetable
ontribution List

egistration

- Registration Form
ccess

ccommodation

)://indico.ipmu.jp/indico/conferenceDisplay.py?confld=7

BIES (RX)

Overview

We will hold an International Open Working Group Meeting for the Hyper-
Kamiokande project. Hyper-K, which we are currently developing, is
designed to be the next decade's flagship experiment for the study of
neutrino oscillations, nucleon decays, and astrophysical neutrinos.

The goal of this meeting is to discuss the physics potentials of Hyper-K, the design of the detector, and
necessary R&D items including:

cavern excavation

tank liner material and its design
photo-sensors and their support structure
DAQ electronics and computers
calibration systems

water purification systems

software development, and so on.

Participants are encouraged to submit abstracts for talks in which to present their individual interests in
topics related to Hyper-K, as well as discuss possible future contributions to the project.

Moreover, we'd like to start discussion of forming an international Hyper-K working group that could become
a seed for a formal Hyper-K collaboration in the future. We expect that those who are interested in joining
the project will show up for this meeting.

The meeting will be open to all interested scientists and community members. However, prior registration
will be required to participate. Due to capacity constraints at the meeting site we urge all interested parties
to register at their earliest possible convenience.

We are looking forward to seeing you in Kashiwa,

Local Organizing Committee Members:

Yoshinari HAYATO (ICRR), Tsuyoshi NAKAYA (Kyoto), Shoei NAKAYAMA (ICRR), Yasuhiro NISHIMURA (ICRR),
Kimihiro OKUMURA (ICRR), Hiroyuki SEKIYA (ICRR), Masato SHIOZAWA (ICRR), Mark VAGINS (Kavli IPMU),
Roger Wendell (ICRR), Masashi YOKOYAMA (Tokyo)

[on behalf of the Hyper-Kamiokande Working Group]

hk201208@km.icrr.u-tokyo.ac.jp

Dates: from 21 August 2012 17:00 to 23 August 2012 18:00

Timezone: Asia/Tokyo

Location: Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU), The
University of Tokyo
5-1-5 Kashiwanoha, Kashiwa city, Chiba, 277-8583 JAPAN
Room: Lecture Hall

Material: Hyper-K picture

http://indico.ipmu.jp/indico/event/7
Last modified: 28 May 2012 11:19

(€O) Powered by CDS Indico

Open Hyper-K Meeting
August 21-23,2012
Kavli IPMU, Kashiwa

® Discussion on physics
potential, detector design,
and R&D items

® Discussion of an
international Hyper-K
working group.

® All interested scientists
are welcome.

SINEFZNF (~7/31)

http://indico.ipmu.jp/indico/conferenceDisplay.py?confld=7
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DRAMATIC NEUTRINO CONFERENCES

IN JAPAN
NEUTRINO 1986 — Sendai

First indications by Kamiokande and IMB of an

atmospheric neutrino anomaly (v, ,2v_oscillations
proposed by Kamiokande at NEUTRINO 1988 in Boston)

NEUTRINO 1998 — Takayama

Atmospheric neutrino oscillations confirmed ‘officially’ by
Superkamiokande: 15t parameter measurements.

NEUTRINO 2012 — Kyoto

First measurements of 6,;, — MINOS, T2K, DOUBLE
CHOOZ, DAYA BAY, RENO -- and a host of other new
results ...... and
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J-PARC s -

-

Gev_ﬁ?.;% -«

© s e NBtrino Facility®

SR St Sy nohiolonTF 8
Efforts to increase gaver — | — R s
| Fls——=1 N, #T2K neutrino beamlines

beam power

(Hadron Hall) &

Upgrade toward design power and

Period Integ. No. of Proton on Target |Beam Power (kW)
beyond ~Jun.2012 31E+20 170
-Jun.2013 7.8E+20 200
® LINAC upgradein 2013 (180 to -Jun 2014 1.2E+21 250|%2
-Jun.2015 1.8E+21 250
400MeV)
-Jun.2016 9 5E+21 300
, -Jun.2017 3.2E+21 300
® new ion source (30mA to 50mA) -Jun2018 3.9E+21 300
-Jun.2019 5.5E+21 7001
- -Jun.2020 71E+21 700
¢ Eé?l)?n high rep. rate MR power _Jun.2021 8.8E+21 700

*1 Completion time of MR upgrade (assumed to be 2018) is suject to change,

Py R&D on hlgh gradient RF core depending on economical situation, readiness and so on.
*2 LINAC upgrade completed

* Beam Energy 30GeV

From J-PARC/KEK management
5
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Pion Production

Kaon Production

Secondary Nucleon
Production

Hadronic Interaction
Length
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Magnetic Field
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% Errors on Sample Predictions
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+ vertex projection

beam direction
from vertex
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Resolution of Mass Hierarchy

NOv A hierarchy resolution, 3+3 yr (v+V)
sin’(20,,)=0.095, sin*(20,,)=1.00
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significance of hierarchy resolution (o)
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s Jonathan Paley, ANL HEP Division
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2.5

significance of CP violation (O)
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Measurement of CP-violation

NOvA CPv determination, 3+3 yr (V+V)
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N
Project Timeline

NOVA early reach
OExposure assumptions (ver: Apr 2012) 300 . .
= : - - = ] » Partially instrumented prototype
IS =600 & near detector built and operated on
N 2 S S N a0 = the surface for ~1.5 years.
) E : : : : — = . . .
: = = = = = S Continues to provide invaluable
T OO0 0000 S S —200 & datal
O r . r . r . _O )
S 12 24 » Accelerator upgrades are underway
S * 2z at FNAL and on-schedule.
g 8 16 & ,
= 6 , 2% » Preparations for far detector
£ 4 s £ construction underway.
Z 2 NOvVA early reach
E 02 7sin2(2613)=0.095, sin°(26,,)=1.00, 8=0 (ver: Apr 2012)
G [ 5 : : 5 g

» Expect to have 5 kton built by the
time beam returns in Spring of 2013
and we will be able to collect data
as we build.

» Far detector to be complete by April
2014.

» Near detector to be complete in
2013.

significance of v, appearance (O)

0 | | 1l 1 1l 1 | | 1l 1 |
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g 0/3 01?
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J-PARC + LAr

4212 : O(100kt)

Multi-track
—a—kY

H=—a—M)/RiHE Rl 8E

J Rt #ExclusivelZ#& H a] Bk

e/m°DEBANCIBEXLZD T, 1\ 0T 5OV RDRHRAE M/
SLVIR)ILF— @—l_l")/t*ﬁlﬂl_{ﬁgfs G\ DI

jF ANY

~5 L hV B E A] gE

PRI VAWIN

E— L (AT HOUR) TOEERHAT[RE

T2KEFERGDAE— LT (Bl —2) D&BIEAHYSD

HFERYDe/r’DEREN N HOLNEIAENDLE
REGRESFENMEND D ? HDRA b

KRR
REHE J-PARC T32 SHAF Jutw
A (BX) ICURUS T600, (3k)MicroBooNE <« RDRFv7
L
3 '7.‘/5—“7'«(‘/'7“@J-PARC 2011/8/9 20

BIES (RX)
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J-PARC T32 exp =
(ETHZ/ KE K/ Iwate/ Waseda)

| Charged particle test-bean

8 ©)-PARC (Oct/24-31) 250L LAr TPC &

77JL > TPC R&D

- J- PARC T32 el (ETHZ/KEK/Iwate/Waseda

et

drift time (jis) I'I.

EOlR 1 KL
(3
[

amplitude (ADC counts)

Site visit |

RIS (EA) -

Thursday, July 19, 12

Charged particle test-beam
@J-PARC T32 ( data-taking
during Oct/24-31)

File: physicsoct12_1 ] i: 25/ Spill: 27 / Event: 2349

500 80
r—————— Nl i T . 70
400 v
50
300 i =4 _ %
= .._-__,‘_'!__'_:-‘m_";‘ : e n o
200 - | I i -
positron = _ i
100 -
proton 0
0 -10
9 20 40 60

TPC Channel

NU JIRBIRER CDIFE, ZDEXXE [ PPP20I12 @ EAf

7000 800MeV/c K+ events w/ 2 LGs
35000 800MeV/c K+ events w/ one LG

AlOO&SOOM,eV/c K+w/ 1LGand 1LB
70000 200MeV/c nt+ events w/o degraders -
2500 800MeV/c e+ events

1500 800MeV/c proton events

drift time ()

amplitude (ADC counts)

Intensive analysis on—going .:ionof

1000+ e
. ®MC
800 -

: ® data |
B00F “ele...
...:.,.".-“'

4001 .
200 .
o L.Residualirange (¢m) , ]

0 5 10 15 20

Residual range (cm)

Decay
point

h 005 |-

chargs hist

1000 1500 2000
GQUdx(ADC us/cm);

nKaon dQ/dx d.lstrlbutlons

1000 15
dQ/dx(ADC*us/em);

00

—14cm |

-19cm

1000 1500
dQ/dx{ADC"us/cm);

Charge / strip

1000 1500
dQ/dx(ADC usicm);
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: | —Nin
Mass hierarchy (2 =[&/E)
Total 7.5MWx[0’s 5% systematics on signal, vy BG, Ve BG, V/V

1 - <i/
T2K 90% CL™ — |
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Mass Hierarchylc  BE N H 5
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Thursday, July 19, 12



g

Total momentum (MeV/c)
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Near detector
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Super-K data are well reproduced by BG MC.

Number of events
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(events/ktyr)
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p—e*+T1Y searches

L
- A

- detection efficiency = 45%

- atmosphe

Super-K cut
® 2 or 3 Cherenkov rings
@ All rings are showering
® 85 < Mo < 185MeV/ic? (3-ring)
® No decay electron
®800<M < 1050 MeVic?
m<2£ﬁewc
SKI1~4
. Qe o9
23ing pn . "
T
decay-e
"bl
: [Ahﬁl-vm P
v

A B C D E
Selection criteria

ricv BG =2.1+0.3(stat.)+0.8(syst.) (Mtonxyears)!

- Tproton/Br > 1.3 x10%4 years @ 90%CL

» BG measurement by accelerator v (K2K)

» BG=1.63+0.42-033(stat.)+045-051(syst.) (MtXyrs)! (Ev<3GeV)

» Consistent w/ simulation |.8+0.3(stat.)

Quality of next generation search is guaranteed.
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Lifetime limit 90%CL (years)
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Year

too optimistic, but

HK will overtake SK in ~lyear

Z DFXXE | PPP2012 @ EA
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Hyper-K Candidate site
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vine | Super-K | * Same off-axis and baseline as T2K
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WA P ¢ 2.6km horizontal drive
oy S * 648m of rock (1750m.w.e.) overburden
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YPER

I Large cavern excavation

® Baseline plan developed based on geological survey &

in-situ rock stress measurement

® Detailed schedule & cost estimation ongoing

50000
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Angle of Internal Friction=45°
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View of cavern construction
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YPER
MK Tank

® Concrete + polyethylene liner

® PMT support structure under discussion

® Wire support (cf. LBNE-WC)?

® Straight wall cavern possible!?
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bvars TR 5 compartments x 2
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_JYPER
HK Photo-sensor ~  Poster#é

® Candidates for ID sensor

® 20” Hybrid Photo Detector (HPD)
® I[mproved 20” PMT

® Proof test of 8’ HPD in water tank from this summer

® 20” HPD prototype expected in ~a year

EGADS 200 ton tank

Masashi Yokoyama (U.Tokyo) Future water Cherenkov detectors 92
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Poster #1165

VPER
Water system

Based on Super-K system

Rn Free Air Generator (400Nm3/h)

TP TR o b

0.1mm 0.01mm
coal filter

|

filter filter

H20,C0O2
remover

0.3mm
ﬁlt

Water System

=151 & _%J“ i~

water
10mm filter Buffer o2 DI(M B) 9
remover
st stage layout
300t/h for initial supply
I I —1 <LRBIKEE-SFULR
. ERHEEEET)T>
Radon free Air Radon free Air
l 1 @58mL X 13mW
gl i BT
ﬁ g, J T m ﬂ i 13mW>< 13mH g s g F
= E BJ M !J!JL!J! = J LN LN
Buffer u UV [ D|(CP) j MD Chiller 7
1200t/h for recirculation 1mm filter 5 LIS
,,,,,,,,, L
— o 3m 13m
1REXEETY7 1F 1IREAEBTVF 2F

IRENEBTY 7 WEE
Y75 13mH

Under design with companies in Japan and US

Future water Cherenkov detectors
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Hic Other R&D

Elec. schematics
o EIectronics/DAQ Fm |:> Immersed in water?

® Requirements similar to Super-K % 8 — | -
| . nd S

® R&D of frontend in water Starts wome | [i 05688 &

(/ compartment )

~20 FEI;CS ~10MB/sec
(/ compartment ) (/ compartment )
® VWater system o warERe

TRG

=

To offline system
( outside of the mine )

® Under design in Japan and US  Water system pgoster #165

® Detector calibration e Generar o |

[—— 1 oM TR HE L L L [ e m- M T L
P ? = = = . &
T 51 5= s 5 & B L
[ ‘ ] 0.3mm [ 0.1mm 0.01mm | [ a0 0.01mm Buffer
Compressor Dryer filter Buffer | | remover | | Charcosl fiter fiter ‘ Charcoal || _filter

® Based on Super-K experience =

® R&D based on Super-K experience

® Dedicated software development

WWWWW

® Under discussion

j 4

o 8]
cee puer | || gy picP) ' | MD || UF
‘ 1200t/h for recirculation ‘
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