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Number of events

18

14 |

Spectrum/Oscillation Analysis

| Entries

58

1R—-p spectrum

No oscillation

“”/ OSC|IIat|on
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E.fec (GeV)
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Best fit value
(all region)
sin?26 = 1.19 £ 0.23

Am? = (2.55 £ 0.40)x10-3eV?
(in physical region)

sin?20 = 1.0

Am? = (2.76 £ 0.36)x10-3eV?

No oscillation prob.= 0.003% (4.20)

(for best fit in the phys. region)
1.88x10-3 < Am?2 < 3.48x10-3 eV?
(90%CL) @ sin226=1
Confirmed atmospheric neutrino
oscillation

9



Allowed Parameter Region

o K2K-I & K2K-II
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10
68%
90%
4 99%
10 L |
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sin“(26)
K. Nakamura  January 14, 2006 sin? 26

10



Citation Analysis



Nov 26, 2005
(W Nozaki)

Total number of papers and proceedings as

/i Tg—’ i ' '._,:"' .’:\f' “‘,:-*' f,_!” gm;.- ,,*':'I T & 4,*'. g .‘I_,.J" R & N -ﬁ i .\A‘ o T_—r’ P;‘ ] & F D:_wl" Tr =
K2K
_SK CHOQOZ BELLE OPAL CLEO CDF' ZEUS

UAA1
Total number of citat\:ns /

uuuuu \ / i ]
Nbn=accelerator i

uuuuu

..igr.—.l_!l'*lh.—;. '_-'-n"'"'r!-ﬁ‘ff P — Hllonn ||¢| _Jlla“‘
& 4 & # & & r ;—‘L é.-J @._r 1 4 & A {r‘k A -F IF & P~ P >
CC. heu®fino HE'-LE OPAL  CLEO cOF' ZzEUS

K. Nakamura  January 14, 2006




K. Nakamura

Ji

SPIRES

Hep :: HepNamEs :: INsTITUTIONS :: CONFERENCES :: EXPERIMENTS :: JoBs :: VIDEOS

Modify yetmgearch below.
|FIND C

K2K
Browseg?mﬂ%r | Format: Standard Cites Citesummary LaTeX 72 Papers

Generated on 01/10/06 (mm/dd/yy)
Your result was: 72 [eligible papers = 44 (published or arXiv E-prints)]

Breakdown of search results by citation

All  Published

papers only
Renowned papers(500+ 0 0
cites):
Famous papers (250-499 1 i
cites) :
Very well-known papers i | i !
(100-249) :
Well-known papers (50- 2 i
99):
Known papers (10-49) : 11 4
Less known papers (1-9) : 20 8
Unknown papers (0) : 9 2
Total eligible papers 44 17
analyzed:
Total number of citations: 1156 912
Average citations per 26 54
paper:

13



Current SPIRES Data
(Accumulated Citation Number)

CP VIOLATION IN THE RENORMALIZABLE THEORY OF WEAK INTERACTION.
By Makoto Kobayashi, Toshihide Maskawa (Kyoto U.),. 1973.

Published in Prog.Theor.Phys.49:652-657,1973

TOPCITE = 1000+ Cited 4608 times

REVIEW OF PARTICLE PHYSICS. PARTICLE DATA GROUP.
By Particle Data Group (K. Hagiwara et al.). 2002.

Published in Phys.Rev.D66:010001,2002

TOPCITE = 1000+ Cited 3258 times

EVIDENCE FOR OSCILLATION OF ATMOSPHERIC NEUTRINOS.
By Super-Kamiokande Collaboration (Y. Fukuda et al.).

Published in Phys.Rev.Lett.81:1562-1567,1998

e-Print Archive: hep-ex/9807003

TOPCITE = 1000+ Cited 2532 times

INDICATIONS OF NEUTRINO OSCILLATION IN A 250 KM LONG BASELINE EXPERIMENT.

By K2K Collaboration (M.H. Ahn et al.). Dec 2002. 5pp.
Published in Phys.Rev.Lett.90:041801,2003

e-Print Archive: hep-ex/0212007

TOPCITE = 250+ Cited 476 times

OBSERVATION OF LARGE CP VIOLATION IN THE NEUTRAL B MESON SYSTEM.
By Belle Collaboration (K. Abe et al.).

Published in Phys.Rev.Lett.87:091802,2001

e-Print Archive: hep-ex/0107061

TOPCITE = 250+ Cited 339 times

K. Nakamura  January 14, 2006
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12 GeV PS J-PARC

BEEER s "
PN Hadron Beam Facility
Materials and Life Science sy

_ = Experimental Facility
Nuclear |
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T sl I
L ...
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I Neutrino to
s 4 Super-K
3 GeV Synchrotron g 50 GeV Synchrotron

|
\ J-PARC = Japan Proton Accelerator Research Complex

K Nakamura 3 Joint Project between KEK and JAERI



Three unknown parameters

B Neutrino oscillations are sensitive to:

¥ 2 mass squared differences
" Ale2 = m22—m12 = msolar2

2 — M 2. 2 — 2
" AMgy~ = My=-My~ = My,

= (Amy2 + Amg,2+ Am;2 = 0)

unknown --- mass hierarchy
E 3 mixing angles: 0;,, 0,303
B 1 CP violating phase | e mixing metrix:

{my)’ (o) — L —
rusjn’—“m-n-u}d—
0805 1 02w .
s~ 1 0.4 0.6 () Vorn ~ | 0.2 J. 0.01 T G
0.4 0.6 0. oo 001 1 =
— — (1)
(Baa'), :
———— (i, ) () s —

K. Nakamura Jan uary 14. 2006 normal hierarchy inverted hierarchy



Super-K

I Super-K

B K2K

E MINOS

B OPERA

E 013

B T2K-1

E (NovA)

] o mass hierarchy
B (T2K-11)

B (T2KK)

¥ (NovA with proton driver )

K. Nakamura  January 14, 2006
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Sensitivity to 0,4 as a function of & for
normal and inverted mass hierarchies

e 40 GeV
e 1021 POT/yr
e 5 years

104

~20

W/ 1ﬂ%§errnr

for BG subtraction

CHOOZ
excluded

103

102 _
sin22043

101

Assuming sin292_3=0.5, 6=0, no matter

K. Nakamura

January 14, 2006
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Poor sensitivity to sign (Am,,?)
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How can T2K measure sign(Am,,2)?

B Put another detector in Korea (T2KK).

B Can measure 0,5, 8, and sign(Ams;,?) simultaneously.
B Hagiwara, Okamura, Senda
B Ishitsuka, Kajita, Minakata, Nunokawa

Distance from
the target (km)

# 2. 5deg off -axis beam @Kamloka

Off-axis angle

K. Nakamura  January 14, 2006
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Spectra measured in Korea are
different for degenerate solutions

Kamioka Korea Korea (w/o matter)
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Sensitivity for 5 detector
options - mass hierarchy -

LI L L LIS LI LI L L LI LI T
1 UL L LA I T1-

Always assumed: 10 Vot

Kamioka + Korea =
0.54 Mton fid. Mass

C . R .

B - .

L e TS e, [3 -
. 8

'
' [H

4 years neutrino beam + 10 2

--- Kamioka 0.54 Mton

4 years anti-neutrino : i E
= — Kamioka 0.27 Mton + Korea 0.27 Mton .
beam i Kamioka 0.16 Mton + Korea 0.38 Mton I

™ -- Kamioka 0.05 Mton + Korea 0.49 Mton normal
g i L L L II.l.lll |K(?rela P.?4|MFOI:] L I L L L L I L L L L I L L L L I |-
I\ 0 1 2 3 4 5 6
E | | | I | |
_l \\: ﬂ~‘| T T T T T T T |'~ '] T T T T \\I T “l-’l' |I,/| T T T
P10 7" % .

v

3 o discrimination
(thick lines)

2 o discrimination 10
(thin lines)

1 IIIIIII |

inverted
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12 GeV PS

New Physics
B Rare (or forbidden) processes
E Symmetry violation: CP, T

—

TRISTAN
EEIO K Tt VvV
EE137 K - Me
F E1G2 Kl -TTt TT
F E195 K s Vv

KEK-PS

TRISTAN

K. Nakamura  January 14, 2006
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E10 / RPP ‘88

r{m+ Fﬂfrlulm I'y4/T
Test for A5 = 1 weak neulral current. Allowed by higher-order elec-
Iroweak interactions.

VALUE (units 10—¢) CL% EVTS DOCUMENT D  TECN CHG COMMENT
m—p < 0.14 90 ASANC B18 CNTR +  Rw) 116-127

MeV

« +» We do not use the lollowing dota for averages, fits, limits, etc, -« -

< 0.94 90 47 CABLE 73 CNIR +  N=) 40-105
Mey

< 0.54 90 47 C ABLE 73 CNIR 4+  Fwx) 60-127
Mey

<57.0 90 0 4BLIUNG 73 HWBC +

< 4.4 o0 47 KLEMS 71 OSPK + I{w}vﬂ?-ﬂ]’
Me

ATKLEMS 71 and CABLE 73 ossume = spectrum same as Kg; decay. Second
CABLE 73 imit combines CABLE 73 and KLEMS 71 dola lor vecior inlerac-

fion,
48 JUNG 73 assumes vector Interaction,

K. Nakamura  January 14, 2006
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E137/ RPP ‘92

M(e* 1) /T eotat , Me/T
Test of lepton family number conservation.
VALUE (units 10-10) 1% EVTS DOCUMENT ID TECN _ COMMENT
=) < 0.94 40 0 AKAGI 91 SPEC

e o & We do not use the following data for averages, fits, fimits, ¢tc. o o o

< 43 90 INAGAKL 89 SPEC In AKAGI 91
< 22 90 MATHIAZHA...89 SPEC < BNL E791
< 19 20 SCHAFFNER 89 SPEC
<110 90 COUSINS 88 SPEC
< 67 90 GREENLEE 88 SPEC Repl. by
SCHAFFNER 89
< 15.7 w1 32 CLARK 71 ASPK )
32 possible (but unknown) systematic errors. See note on CLARK 71 Mutu )/ri="=")
entry.

K. Nakamura  January 14, 2006 26



E162 / RPP ‘04

r{I+T-E+E-}frm _ I'E;:;‘F
Test for AS = 1 weak neutral current. Allowed by higher-order electroweak interaction.
VALUE (waits 107} CL% _EVTS DOCUMENT I0  TECN  COMMENT
3.1140.19 OUR AVERAGE
3.0840.0940.18 1m2s  40La 03¢ NA4S
3.2 £0.6 £0.4 37 ADAMS 98 KTEV
# 4.4 £1.3 05 13 TAKEUCH! 98 SPEC
« & » We do not use the following data for averages, fits, limits, ¢ic. » = =
<46 90 MOMURA 97 SPEC mgu, >4 MeV

K. Nakamura  January 14, 2006
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E195/ RPP ‘04

—

K. Nakamura

K+ LONGITUDINAL POLARIZATION OF EMITTED gt

VALUE (k. DOCUMENT 0 TECN (WG COMMENT
<=0.990 90 &4 aoKi o4 SPEC +
s « » We do not use the following data for averages, fits, Imits, etc. & » »
< 0990 il IAAZATO 92 SPEC +  Repl. by ADKI 94
~0.97040.047 65 vAMANAKA B6 SPEC +
-1.0 401 85 cUTTS 69 SPRK +
~0.96 +£0.12 65 cOOMBES 57 CNTR +

64 AQKI 94 measures £F, =—0.9996 + 0.0030 & 0.0048. The above limit is obtained by

summing the statistical and systema

tic errors in quadrature, normalizing to the physkcally

significant region ([£F,| < 1) and assuming that £=1, its maximum value.

B5 pcsumes £=1.

}({ PARAMETER)x (u LONGITUDINAL PGLARIIATIDH}]

(V—A) theory predicts { = 1, longitudinal polarization = 1.

CHG  COMMENT

VALUE _EVTS DOCUMENT 10 TECN
1.0027 -+ 0.0079 + 0.0030 BELTRAMI 87 CNTR

& & We do nol use the following data for averages, fits, limits, etc. = =
1.0013 4+ 0.0030 4 00053 35 1MAZATO 92 SPEC +
0.975% 40.015 AKHMANOV &8 EMUL

0.975 =+0.030 an GUREVICH 64 EMUL
0.503 40027 36 ALLZADE 61 EMUL +
0.93 4006 B354 PLANO 60 HBC 4
0.97 £0.05 9K BARDOMN 59 CNTR

SN, = decay in
flight
-
+ i
K Wty
140 ki

See ARHMA-
NOV b8
27 ki

8.8 ki

Bromoform
target

35The comesponding 90% confidence limit from IMAZATO 92 1s [{P, | > 0.990. This
measurement is of K+ decay, not «* decay, 50 we do not include it in an average, nor

do we yet st up a separate data block for K resu

January 14, 2006

lts.
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T violation in K* - wuty
measurement of muon transverse polarization

-“"I_!: ¥ L Ty

E246 experiment
® North counter hall
® K5 stopped K* beam
® SC Toroidal Spectrometer
® Beam time of 650 shifts

Pr=

| P Pu

dec ay ;n’um*

e T-odd correlation
e small final state interactions

P20 T violation
(CPT theorem)  CP violation

® P, (Standard Model) ~ 10/
e P. (Final State Interaction) ~ 10
e P, is asensitive probe of non-SM CP V|olat|on

K. Nakamura  January 14, 2006 29



E246 setup and results

End view

IRON POLE
Ncw - Ncow

Ncw + Neew

A=
COIL

A

<

ut STOPPEF /u+ et v, T/,u

et COUNTER

e . -
/& >\ Positron asymmetry

Kt o 2RAutv

P, P,
pt pt

n°BWD TOFWD

Side view
Cryostat
S

C4

Iron Pole

measurement
K;: [
B0~ Ring Counter
Degrader Muon Stopper
0 05 1. M @
I —

® P, =-0.0017 == 0.0023 (stat) ==

0.0011(syst) (|P;|< 0.0050 : 90% C.L.)

® Im&=-0.0053 == 0.0071 (stat) == 0.0036 (syst) (|Im&|<0.016:90% C.L.)

K. Nakamura
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T violation in the J-PARC era

Historv of K ., P~

02 r
O- 1 5 .'& L'F da-T;1 BsL
= & rgonse
01 i_'_ B ML KEK '
0.05 [ Rt
T . he.
Q S . C
005 E
01 [ T
016 '..'...
0.2 - | |
1960 1980 2000
Year
Model-allowed regions and
expected sensitivities
O 1% J-PARC  _
= 2
S | 3 B|E o
b L '.é :l;:, 5 .ﬂage-!' -
ﬁ.:" ": "E = o
® 1L - B - stage-2 |
0% 1 = -
g’

K. Nakamura

Motivation for J-PARC experiments

® Sensitivity reaches the allowed regions
of several new physics models

® P is sensitive to scalar interactions of the
type (flavor off-diagonal) different from
EDM and g-2, and not measurable at LHC,
and tensor interactions

[W.-F. Chang and J.Ng hep-ph/0512334]

® E246 was statistical-error limited
® No problem at all to improve the error
® Further suppression of systematic errors
IS also possible with an upgraded detector

® P, (K- yuv) can be also measured which
Is complementary to P(K ;) with pseudo-

scalar interactions
[M.Kobayashi et al. Prog.Theo.Phys. 55 (1996)]

January 14, 2006 31



Possible secondary lines in
Phase 1

Figg —— _——:| | | II |I|
Hadron HallLayout Plan I '. 8 WL — ==
ks - S s
B {T53a3u5-F ~. ¢
@ BRI i,, fl-S‘BR war Sl i
= |
- Test line - &
. « m  HLH |4 ® | prEpsl8 g 8|
— —— r | ) e ﬁ;‘fé?
i [Ls " B
i, //// A,
_,f// // (;_. 7 /
T W #

l"'__' K1. l/KO-B —

—

J [ Ssomey- -
_KO 8/K11 | e

7 (Ctype) | : r

1 [ M N [

i i Ll

only small experimental area in Phase 1 (60mWx 56mb)
with one primary line and a production target

K. Nakamura  January 14, 2006
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J-PARC experiment

First stage in Phase-1 Al

E246 upgraded detector
— Addition of a new tracking element ! 17
— Finer segmentation of target fiber <. — S Es=r
— Improvement of Csl(TI) readout | ' '
— Active polarimeter Deyocr
— New magnet for muon field Toroid
— Precise alignment

oPr~12 > 10* @10%s K* & 10" s

Second stage I
New detector with larger -

Acceptance B> o

P ~4>10° (K,) Solenoid -\ :

6P, ~7 > 105 (K
@10%/s K* & 10’ s

ﬂW) vector correlation

K. Nakamura  January 14, 2006 33



Precise measurement of Br(K, >n®vv)

E391a at KEK-PS and extension at J-PARC

K, =7Ovv physics
* Flavor Changing Neutral Current
e Direct CP violation (As =1)

W %
\ / io

\/ t )
L . 1a

]
.
—

oy [
= =
TTTIN TTTHN TTT0W TO0Wg TTT00 T TN [T f'III1]

Ep K K

[
=

—
=]
LW W

BR(K, =27V

KTeV

= Current Exp. Limit

—
=
TTITg

Limit from K* = x*vv (PRL 84, 3768 (2000))

w

/\ /\ { } wt ;= ex eCtEiEt?()ngH + New Physics (7)
o’ rw b \\ 5. M. Prediction
n J" t xh
o g IPARC

e Clean measurement of Im(V,,) '
e Most clear test for the standard model
e Clue for the new physics

K. Nakamura  January 14, 2006 34



Method

Pencil Beam

Pencil beam ==
: B s [T s,
Detector with complete veto o T _____' = ES
T ek T | A =
system b
— 4m coverage with thick calorimeter | . ) : R e

— Wide acceptance
— Double decay chamber

— Operation in high vacuum

High P, selection

Step by step approach
— KEK-PS E391a
— J-PARC

K. Nakamura  January 14, 2006



Run Summary of E391a

We established several techniques

Pencil beam, high vacuum, large size
calorimeters, calibrations, etc

Three runs since 2004
Run-1: Feb.-June 2004, 200 shifts
Run-2: Jan.-April 2005, 120 shifts
Run-3: Nov.-Dec 2005, 100 shifts

Promising figure is seen in a
preliminary analysis using a few %
sample.

Expect to improve the present limit
by 2-3 orders of magnitude, which
IS a good stand point for J-PARC
experiment.

K. Nakamura

(9/A89) 1d
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Final plot using Run-2
one week data

500 550  60C
z(cm)

2000 250 300 350 400 450

Z-vertex (cm)
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Extension to J-PARC

Fig.1 =
Hadren Hall Layout Plan |7 : - B - g P— =

::::::

Two step approach i -"“l--j
P ;r_l_'
Step-1: A-line, TO-target — profons
(share with K+ beam user), _ _
and detector modifications A " 2z
10 SM events e —
“Discove ry” Make flanges for
Install CCO1 Attach Main Barrel (3~5 X)) maintenance of PMT'’s

Step-2: B-line (dedicated) and
brand new detector

>100 SM events

{of g =

“Measurement”
membrane
upstream installed outside of CC03 riona’ role o '

Cover charged veto junction

K. Nakamura  January 14, 2006
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Phase-2 Hall

Future
( Experimental Hall | Extension

Apron Test Exp.
Stage /

] | Control/User's BLDG Apron
|

Hall size = 60m (W) x 100 m (L)
More than 2 target stations
Test beam facility

K. Nakamura  January 14, 2006



PS

1977-1984
B PS KEK
[
1985-1998
S PS
F K TRISTAN
[
1999-2005
B PS/K2K KEKB/BELLE
P K
[
PS
[
J-PARC
S

(]
K. Nakamura  January 14, 2006
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