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"JHF-SK(HK) v Experiment

s mﬁéﬁpxﬂﬁkmr R

First Phase
evp— Vx disappearance Second Phase
evu— Ve appearance oCPV
e NC measurement eproton decay
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Far v detector
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Neutrino Oscillation

Neutrino Mixing |v,)=3U,|v,)

Weak Mass
ﬁigenstates elgenstates
<o

_ _ ,Mu r‘ ' ]!.' 3
Maki-Nakagawa-SaKata Matrix - R
u, U, Uz, ¢, S, 01 O 03Y(1 0 O ¢y 0 s
U=\U, U, Ugl=|—5; ¢, O[O0 ¢y 40 1 0 |} 0O 1 0
u, U, U, 0 o0 1){0 523 023 00 e®)|l-s5, 0 c
Oscillation Probability $;7=8in6;, c;7=C0s6;
2 ) Am2
B—)m = <vm (t)|vl (0)>‘ = 6m! _22 Rel:(UmiUﬁ ) (Uij ) {1 exp[_l . ]}]
i<j 2E
L:flight length, E:neutrino energy, Am; =m—m:, m, :mass eigenvalues
' L=
P, #0,, Am,; #0
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Oscillation probabilities

when  (Am? << Am = Am? = Am?,, contribution from Am,, is small

E, = Amjtm -L

+V, appearance ) i ;
P,.. sin>(1.27Am’, / E, )
sin” 26, |
v, disappearance
P#__)x =_1— (Pju_m + Pp—)’c + P,u—)srerile) = P,u—w

P, . =cos*8,,-sin> 26,, -sin*(1.27Am?,, | E, )
~1
- Neutral Current (NC) measurement
N, o P =1-P

U—yactive H—>sterile

Cf. Chooz (v, disappearance)
P_ ~1-sin’26,,-sin*(1.27Am?, /E, )
_‘ . o3
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Vu_> v, oscillation probability(1)

RESEXED MBI HEZE
| ‘ . o AmZ L 20
Pl — v {40kt SRt S0 x (14 o (1-2)) |
- it - i "flL AT AmLY
| ' - e Amsis L . Am , me
+80%38128138_23(012'&'23 Ccoso — 512813823) COS Zég S1n 451 S1n 4E2,1
. AmiL . AmE L . AmZ,L
_80123012023812813523 sin & sin 452 sin 451 sin 4;71_| CPV
Am3,L

—1—48520123 {0%20223 + 8323535‘123 — 2012023512823813 COS 5} SiIl2

Am3,L . Am3, L alL .
g i ap 2%

45

2 a2 o2 .o
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CPV measurement in JHF-HK exp.

v, 2V, appearance

bt

Ieadlng CP conserving term strongly
suppresed by small 6,5 =2 expect large effect |

e CP effect enhanced at low energy

e Matter effect suppressed at low energy

 Background pO less at low energy

e Gigantic water Cherenkov detector
—good electron ID @ low E (~GeV) =
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V!J_> v, oscillation probability(2)

295k

p=2.8g/cm’ | L=296km
Brrfyy=3x107 y, Ip=n/4
Amfy=6x10"0 " Pu=n/8
8an/a 8y=0.05 |

s
o

1.2

. p=28gfcr?  L=730km L
:ﬁfﬂ’”ﬂ' 3&?0" 1’23=“f 4 ‘ lll ilg.!
ariymBx10®  Sg=m/s |
1 d=n/4 315=0.05

08 |- SO AR : - {sin284=0.01)

-~

Probability (%)

Probability (%)

0.6 i

04

0.2 |

0

0 02 04 06 08 1 12 14 0

Solid line: w/ matter | o B | |
* Dashed line: w/o matter Small Matter Effect at 295km.
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Detect electron like events
Energy recoristruction

BG subtraction

Beam v,

v, NC no productlon (incl. BG from wrong sign v,)
Fake asymmetry correctlon

spectrum
cross section
efficiency
matter effect

Asymmetry
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Neutrino Energy E, DBk

CC quasi elastic reaction .y E, = myFy —my / 2
| (ZETHMEENEL) o mN -E, + pu cOS 9

] u‘ : |M”" ; - w;' b :
Vu+n—)l.l,+p i Vu+nf’u+p+ﬂ-~' SRR A

(E., p)
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BB inelasti)

True Ev (GeV)

—

Inelastic

]

v, cross sections (10™cm?)

o
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CP measurement (ll)
Observables - |
N,(E,)=N,(E,)=Ng(E,,)

B J‘dEtrue(I) “QErrue) u%e(Etrue)'O- (Et:fa':a) 8 (Etrue) F (Etrue —Eref?)

u flux Cross  det.eff - det. responce
sec. |

unfold det. responce

Ne (Etrue) — (I)u (Etrue) U—e (Etrue) ' O;e.(Etrue) € (Etrue)

Divide by exp’ed # of v, events w/o oscillation Vs r
Pl ( ) —_ ( true) : N ( true) 8
U—e true/
| exp( true) @eXP G .8

u%e( true) r ( true) F (EU"ME)
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CP Asymmetry
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CP/,'I*“/T'JTEQE(L.U)I\ JTD)
 JHF-SK 1st phaseTv, app. >3<5%,L,o

- sm2291 >0.009 (36 dlscovery feglon studled by -
Obayashi)

e 2nd phase 5(10)*—Jal|7<ll~.,§& ’a_"’Dl‘fé
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Present Study

Full beam MC w/ sameal;ri_sm as K2K ., -
and w/ realistic design > neutrino flux ~*
Event generation w/ SK/K2K code for all
neutrino species

Full detector (SK)MC simulation fully
established by >5yrs of SK operation

High performance electron selection
algorism developed for JHF-SK v, app.
search |
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Parameters

« OAB2/ x
e 4MW, 1I\/It F.V. D 231x(JHF1)
v, 1(2)year, v : 3.4(6.8)year
Am,,=5x10~eV?2, 6,,=n/8
Am,,=Am,,=3x103eV?2, 0,,=n/4

- o=m/4 '

unless otherwise stated

Vo e Aok o ! itk
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Off Axis Beam (another NBB option)
(ref.: BNL- E889 Proposal)

x10*
0.9 p
. € E e 0,0°
Decay Kinematics & om b _
v(E) & 2,0°
‘g":" 2 a7k -5,0:
S, . -«g 5.0
T (mﬂ"pﬁ) 6 / SosF
= o 2 // g
- '- C.
\ .o //,‘/ E 5
u(mﬂ’p“) ’ é o % 0.4 E
2 2 ol ot B %"-5 :
- m" m# >~ 02 F
= ol L L L
v 2(E,—p,cosh) RS 3

0.2 0.4 F_i,z “_“
E., (GeV)

| - Quasi Monochromﬁtlc Beam |
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v,/v, flux for CPV meas.

bt -,'”: '

T

Sign flip by
just changing
horn plarity

oa2deg
:;:;3.5 ‘ ,_:“.”'s -
Ng 3 | -I'ﬁzv”'g g |
> 71 | HT-15%e peak
=25 f—F |
[ H ¢—V
g [ 1 p
cog 2:
15|
11 [
05| IJ 1 1021POT/yr
:_|.|J L.q (i st phase)
0 ol

0051152253354 45 5
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v, components
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Ev (GeV)
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Very small v /v, ratio at v, spectrum peak.
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Cross sections

Vo Y, CC cross sectlons
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‘Summary of beam @ SK

P

> Beam 0.77MW
10 (IOE;IHX (/cm?/yr) # of interactions (/22.5kt/yr)
Beam | (Ey) | vy~ Ve Ve V(%) Vi | R Uy Ve
WIDE | 1.95 | 25.5 18.8 0.74(0.34) {7000(5200) | 78(59) 420(300)  13((9.6)
LEL57 | 0.69 | 5.3 *’*—‘*’~'§,3 1.00(0.39) | 510( 360) | 5yAA2). 5.9(4.1) 0.41(0.29) y :
LELSr | 079 | 65 ‘4.6 0.71(0.19) | 740(530) | 5.7(4.2) 6.3(44) 0.33(0.23) =
LE2r | 0.86| 7.0 51 0.73(0.15) | 870( 620) |6.8(5.0) 6.1(4.3) 0.41(0.29)
LE3r | 1.19| 80 5.2 0.65(0.16) §1400(1000) | 9.3(6.9) 6.4(4.5) 0.48(0.34)
OAl° | 1.75|37.7 275 0.73(0.20) |9400(6900) | 120(88) 370(270) 16(12)
QA2 -] 113192 10.2 1:00(0:21) 13100(2200) |- 6045} 250(180) ~11(7.6)
OA3® | 0.77 | 106 128 1.21(0.20) ] 29(22)  96(69)  5.2(3.7)
[z Bean] (@peak)  total(CC)
Flux # of interactions
Beam | (Fp) | 7, D, e /D), Yy Ve v, A
WIDE | 1.63 | 21.6 14.3 0.66(0.21) | 1700(1300)  42(32) |2300(1600) | 22((16)
LEL15% | 0.66 | 5.0 3.7 0.74(0.27) 24( 17) 1.4(1.0) | 160( 110) | 1.4(0.98)
LE2r | 0.83| 6.5 4.4 0.68(0.24) 24(17) 14(1.0) | 280(200) | 1.9(1.4)
"OA2® | 0.96 | 16.4 145 0.83(0.19) | 780(590) - 28(21) | 870(610) § 19(14) |
QA3 | 067 9.3 88 0.94(0.14) | 340( 250) 15(11) | 310(220) | 9.2(6.6)
b, Ay }ff; o

A

N S
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v./v. # of CC Int.

oa2deg

300 T 21
9EQ 1021pot/yr

i 200 | | TR (1st pl‘!?S*e) "
' 1501 e ERRT

x1oo _
50

0

0 25 5 75 10 125 15 175 20

701 -

Q 28 — nght sign

. (/100MeV/22.5

20 W1ron ngﬂg n

H ‘I\\\\h\t\*&\\t}“:;*‘\ s, T

0 25 5 75 10 12515 175 20
E, (GeV)

> # of int. for \7 is factor ~3 smaller than V- due to cross section.

1 > Wrong sign contamlnatlon 1s worse fgg O{\B




v,/v, normalization by beam

v Nint w/o osc OAB2deg

N
o

o i ; »M‘!,-”‘
. 3 18 il
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102 b 850k int..each..
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2| .
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0

0 05 1 15 2 25 8 85 4 4% 5

True E, (GeV)
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1’1

3.4times running time for
vubar'due to small c.

Slight diff. in spectra causes
fake assym—->need to correct.
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Analysis (Electron Search)

o Fully contalfned in fiducial .volume
e Single ring

- » Electromagnetic shower

* NO decay electron associated

* Evis > 100MeV (reject NC elastic)
e Tight n° rejection

e 0.5<E .<1.2GeV

o e Aoy i (tha
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e

Tight e/n° separation

Shower direction w.r.t. beam

— €080, yfrom 71:0 tend to have a forward peak

Force to find 2nd’ rmg and..

— E(v,)/E(y,+Y,): Large for BG

-" M”‘ -+ )

— Likelihood diff. between 1-ring and 2- rlngs

— Invariant mass: Small for v,

0.25 0.5
E(RME(YI+E(Y2))

1.6
1.4
1.2
1E,
08 i
0.6
0.4
0.2
0
0 0.25 0.5
; E(2MKE(Y1)+E(12))
wlyfu
1r W 4

00 0 500

likelihood difference

N
¥
3
I
<

Illllllllli;lihlllllllliilllll&llll T

500 0 500

. likelihood difference
--4‘ g ke

"t‘ T

L l!"’
e i
Obayashi
3.5
3H
255
15E
1
0.5F |
0 100 200
inv. mass (MeV)
3.5
3k
25¢
2F
S5
1
5 AR
00 100 200
inv. mass (MeV)
e
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Number of events
[d0] ELY
S 3

R S

100 [ £

Electron Candidates
(e/n° sep. algorism developed for JHF-SK)

\M‘fp”’ '

Ve app. signal v, beam)
I ( L AMW, Mt

Energy win.

2yr

! sin®24%,,=0.02

Vi->Vié Sig

1000

o2} as}
f= [}
< [}
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| ﬂli» ‘r:
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"-\,

200 - E

'V a
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Energy win.
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n
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n 29 : n
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Expected Signal & BG

BG
Vu beam Vp,bar [ve vebar
Gen'ed in FV w/ os ggk 928k 4.7k
Selected 1_22 834 49
Efficiency 0.12%| 3.00%] 1.04%
~ QE 8404  w/m0 613 96 33 34
from En>1.2GeV 355 115 196 20
88"/.:511:0 58%H
— BG
vl" beam vubar |ve vebar
Gen'ed in FV w/ o 830k 44k 30k
Selected 1316 | 594 | 862
Efficiency | 23% 0.16%| 1.35%| 2.89%
QE 8228 w/m0 714 1112 50 28
from En>1.2GeV 734 682 210 203
“““““““““ | ViU BG: 86%0; 67%HE

AMW,-1Mt, v, 2yr, v 6. Byr, 8in?26,,=0.1(Chooz)

wrong b
sign cont.

-small

All src.
compara.

)
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Fake asymmetry (FA) (1)
» spectrum @(E)

; anlh M,;Fake asymmetry( g o
4 4000 —— i —
® Cross section S b Ty | wimane:

3500 V 3 4yr wia CPY . / -
: .
G,/0,-05/Cy; 2000 /L
_ o | 500ktFV A 5inf20,,=0.12
* detection efficiency 2o /4;2%;0_1
.4
2000 ;
€./€,-€5/€x | V
e e
H M 1500 //
i £Sin?p0. =0.05
1000 S'r_' 2
500
- 2 sin 29 +0.01
O0 l 500 1000 1500 2000 2500 3000 3500 4000
N‘Ve
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Fake asymmetry (1)

Fake asymmetry (1)

0.05 : |

4 L WIO matter L | S
O o . PR
00z - W0 CPV

0.02

Nve—NvVe
NV9+ NVe

002 |
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0.04 L

005 Lr Lo

N e

illlillll!l

0

0.02 004 008 008 01 042 014 0.16
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Spectrum Difference

)
o

v Nint w/o osc

if g wu*l.'h,i '
318 1 ‘-*‘ OAB2de
b R
= L i
S 16 [ * v 2year
- Z
o 14 ~prat-6-8year
z [ s
— k= i
= 212
10 [ ]
8
o e R =
4 o
NN
:j | l-‘-;:;::----l-l-l- Ztaf “'_I-- - iy F"""= l"
0 il LI 1 L PRI ST S TSR S S S S i I N N AR A N S

00.511522

. : y o 0
lni . popent b o
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True E, (Ge‘u‘)

aldat
|!_.-,;.‘ 4

ot ) ] o .
In real experiment,
FD measures spectrum
and make correction.
Abally ‘1 lA. sy 5
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Cross section difference

Ge/csILl Cross section ratio

W 1.2 | »M‘r,'hL ,d!‘-li".": " a
: -f.; S i . ‘--i‘t :
115 & !
- O \ \f,h\ ’ 2 1.
Rl .“‘itei\’p, CCtot e
- | ® { Vefvi CCtol - e |
‘ S AE\ Nl / - CCqge ratio diff
= ' \@&R/ [ il 1~5% @ energy window
1 \7@/’1:; Crw o 2 v . R .
THNge T N
095 L
Quick rise in low energy
0.9 side = need detailed info.
Energy indom | = cross section
0.85 measurement? (vfact?)
08 el o Lo b ko Lo
0 02 04 06 08 1 12 14 16 18 2
E, (GeV)

L, W Y, P Y PR |

PP B O
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v/v, Ratio

COLOOO0OO0O0
=R VAN NS Fo N R

00 02505 075 1 125 15 1.75 2 225 2.5
True E, (GeV)

Efficiency difference

Efficiency difference

m.i}
7
:VSH % F—J—H L
Ve m :
—e—

S 28akm:

T

e,

1

0 025 05 075 1 125 15 175 2 225 2.5
True E, (GeV)

! Al b x h i”.' '

“MC” says

No significant diff.
in efficiency ratio
within MC stat.
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Fake asymmetry (2): matter

Fak-e asymmetry (2)

o 4000 ” A
4 . it s ‘_.—" | Mli' ]
E V;L.‘Iyl’ W A IR
3500 -
Vi 3.4yr
3000 :
- W/ matter
2500 wio G PYAF
E I rd
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1500 e
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1 ] ] I 1 1 1 I ]
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Fake asymmetry (2): FA(1)corr.

Fake asymmetry (2)

4000

° ’ 7 . Loy

> | After F.A*‘.ﬂ(:*l) Corr. PARY - !

Z ai oy g 1‘! o o ‘ . 7 . : TR .
3500 VLL. | YI o ._.-"' : . | {
2000 v‘l '3 ; 7?'1("6 50/0) V4 ’ o

w/ matter
2500_ wio CPV

20712

Correct FA(1) by

2000
! adjusting only normalization
1500 - (running time) by -6.5%
1000 -
500 [l
P sin 29,3_0 01 500ktFV
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CP measurement
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CP measurement (2)

e Sln22813:005(913=(?‘;|i1) .
20 : T
l£§6000 2

N
< ESRR I
2500 g Q
A
L )

R

5000 N\\\
: \\&C 3¢ stat
4500 AV S '

_ K\,&\ |
4000 \\\\ ' %}_j“
N

e

4MW
3500 v : |
_ o 1Mt
. 3000 v2yr

FA{f)corbd | V6.8yr
3000 3500 4000 4500 5000 5500 6000

NVe

Vo gde A g
i )

NI A B |E,:,;\‘ o W\f

. Y noy PR - A L), A e pm— " [ N e e,

e e —— e Y r———




61T

CP measurement (3) '
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Possible Improvement

o BG redUCtvlﬁ)n | ,/m r' | : ':-i.;l; .
— Optimize beam line=> reduce HE tail factor ~27
— Refine analysis =» factor < 27

— Improve HK hardware...
e BG estimation
e Flux estimation
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Beam improvement: decay pipe len
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Possible improvement
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