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VoLUME 23, NUMBER 6 PHYSICAL REVIEW LETTERS 11 AucusT 1969

EXPERIMENTAL SEARCH FOR SEMILEPTONIC NEUTRINO NEUTRAL CURRENTS*

U. Camerini, D. Ljung, and M. Sheaff
University of Wisconsin, Madison, Wisconsin 53706

Bubble Chamber Exp.

@ZGS Argonne Nat. and 4.6x1075@63%CL

L ab. D. Clinet
University of Hawaii, Honolulu, Hawaii 96822, and University of Wisco
(Received 20 June 1969)

ison, Wisconsin 53706

A search for the rare K* decay mode K*— vy en carried out using stopping K*
mesons in a heavy-liquid bubble chamber. ents were found, and an upper limit on
the branching ratio of this mode of 5 X10~° to all K*decays is obtained. Comparison is
made with various theories which imply the existence of neutral neutrino currents.

90°
e FIG. 1. Scatter plot of the 7" momentum determined
. . . +
o X0y R~ by range and the angle between the outgoing 7" and the

incident K™ (prior to stopping). K., events from stop-
ping K" decays are expected to fall in the band between
201 and 212 MeV/c. The regions labeled “search area’”
are expected to be free from K;," decay-in-flight back-
ground. The dash-dotted curve indicates the kinemat-
ic limits for the 7*vV decay.
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PHYSICAL REVIEW D VOLUME 4, NUMBER 1 1 JULY 1971

Limits on the K > 7"+ v+ v and K* = 7" + ny Decay Rates*

J. H. Klemst and R. H. Hildebrand
Envico Fermi Institute and Depariment of Physics, The University of Chicago, Chicago, Illinois 60637

Spark chamber - Counter Exp. and | 4x10°6(1971), 5.6x10-7(1973)@90%CL
@Bevatron (Berkelay) - (1971), (1973)@90%

Lawrence Radiation Laboratory, University of C

rkeley, California 94707

The branching ratio for the proces ="+ v+7 is shown by a counter—spark-chamber ex-
periment to be less than 1.4 x 1075 0f all decay modes, assuming a pion energy spectrum like
that of K*— 7% +e*+ v, The apparatus was sensitive to pions in the kinetic-energy range 117—
127 MeV. For the same energy interval a limit of 5x10~° is established for the process
K*—nt+y+7y, assuming a phase-space model for the decay. A limit of 4 x107% is established
for the process K™— 7"+,
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.
rcz2 Y Cl *
Pb-glass E Pb-glass é FIG. 2. A 7°—u*—e* event from K*— 11" decay; Two views of the pion track traversing the spark gaps. The right-

hand view looks directly at the downstream side of the apparatus; the left-hand view shows the bottom by means of a
L 1 ! J mirror. Note that the track appears to intersect the K -stop counters in both views. The row of labeled lights just below
0] 10 20 30 cm the event number contains coded information from the triggering system as explained in Sec. IIB.
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Volume 107B, number 1,2 PHYSICS LETTERS E1Q0THHANT-ER 3 December 1981

SEARCH FOR A RARE DECAY MODE K - 7 v$ AND AXION

Y. ASANO 2,1 , E. KIKUTANI b, S. KUROKAWA 4, T. MIYACHI ¢, M. MIYAJIMA 2, Y. NAGASHIMA d,
T. SHINKAWA b, S. SUGIMOTO 2,2 and Y. YOSHIMURA 2

4 KEK, National Laboratory for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305, Japan

b Department of Physics, Faculty of Science, University of Tokyo, Bunkyo-ku, Tokyo 117, Japan

C Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan

dDepartment of Physics, Faculty of Science, Osaka University, Machikaneyvama-cho, Toyonaka 560, Japan

Received 25 September 1981 1.4x10° 7 @90%CL

Using stopped kaons, rare decay modes K* — ntvr amo is the light pseudoscalar meson (axion),

have been measured. The upper bound of the branching ratio was found to be 1.4 X 1077 for K* - n*vy and 3.8 X 1078 for
K+ +,.0
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Volume 104B, number 1

PHYSICS LETTERS

SEARCH FOR A HEAVY NEUTRINO EMITTED IN K* »pu*vDECAY

Y. ASANO 21 R.S. HAYANO b, E. KIKUTANI ®, S. KUROKAWA 2,
T. MIYACHI ¢, M. MIYAJIMA 2, Y. NAGASHIMA 9, T. SHINKAWA ®,
S. SUGIMOTO 22, T. YAMAZAKI ® and Y. YOSHIMURA 2 -

& KEK, National Laboratory for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305, Japan
b Department of Physics, Faculty of Science, University of Tokyo, Bunkyo-ku, Tokyo 117, Japan

€ Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan

d Department of Physics, Faculty of Science, Osaka University, Machikaneyama-cho, Toyonaka 560, Japan

Received 15 June 1981

v y= 22 Uylvy,
H

where the U,; constitute a mixing matrix. While usual
neutrino reactions including neutrino-oscillation phe-
nomena depend on “production by flavor”” and ““ob-
servation by flavor” where the mass eigenstates appear
only indirectly through the time evolution, the pres-
ent experiment observes directly the mass itself in

“production by flavor”, and hence, its probability is

- 2 —~— o~
given by |Uy;|“. The masses of v; = v, and v, = v,

are too small to be observed in this way while the pres-

ently-known mass limit of v3 = v_is 250 MeV/c2 [3],

thus we are looking for only i 2 3 (let us call them », ).

13 August 1981

E10TEonT=R R

Py {Mev/c)
0 235 230 220 200 180 160 . I4|0 . FQ'OI IIID'D
Excluded
from
gt present exp .
KEK i

o (A

Excluded

from
K'—ptviw
_' LBL

Mixing ratio | Upx I2

1 1
o] 100 200 100
My (MeV/cz)

Fig. 3. A two-standard-deviation upper limit of the mixing
ratio | Uyx|? deduced from the present experiment is shown
(marked “A”). Also shown is the region excluded by the LBL
rare-decay experiment [9] (marked “B”).

The muon range spectrum in the stopped K* decay has been measured in order to search tor a discrete line associated

with heavy-neutrino emission in K, decay. An upper bound of 0.5 ~ 2 X 105 for the mixing ratio between v, and a
massive neutrino has been obtained for a mass range of 160--230 MeV/c2.



(2) HBARDKRAEEERD 214

KEK-PST3|EfHE=ITHhNT-weak decayD EEx

1980-1990

+_ +
¢ K u y : etc. Heavy—neutrino search using K2 decay, PRL 49(1982)1305

Search for right—handed currents in the decay K2, PRL 52(1984)329

Search for a neutral boson in a two—body decay of K*— 7 *X°, PRL 52(1984)1089
Study of the radiative decay K2y, PR D32(1985)2911

Search for right—handed currents in the decay chain K2, PRL 69(1992)877

e Ki— U UL, ee, /e etc. (KEK-E137)

S Z° \u,e S G €

FCNC (Flavor Changing Neutral Current)



VOLUME 67, NUMBER 19 PHYSICAL REVIEW LETTERS 4 NOVEMBER 1991

Search for the Rare Decays K°— ue and K°— ee

T. Akagi,” R. Fukuhisa,® Y. Hemmi,® T. Inagaki, K. Ishikawa,® @ T. Kishida,® M.
Kobayashi,(‘” T. K. Komatsubara,(z) M. Kuze,(z}'(b} F. Sai,(z)'(") T. Sato,(‘” T. Shinkawa,m F.
Suekane, - K. Takamatsu, ® J. Toyoura, " S. S. Yamamoto,® and Y. Yoshimura ¥’

‘D' Department of Physics, Tohoku University, Sendai 980, Japan
@ pepartment of Physics, University of Tokyo, Tokyo 113, Japan
D Department of Physics, Kyoto University, Kyoto 606, Japan
“®National Laboratory for High Energy Physics (KEK), Tsukuba 305, Japan
(Received 22 July 1991)

A search for the rare decays K”— pe and K — ee was performed at the KEK 12-GeV Proton Syn-
chrotron. No event was observed in the fiducial region for the decay K — pe. There was one event in
the fiducial region for the decay K — ee, which was indistinguishable from the background. The upper
limits on the branching ratios at 90% confidence level were B(KP— ue) <9.4x107'" and B(K/?
— ee) <1.6x10719,
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FIG. 1. Plan view of the detector system.
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Backgrounds to K+ > 1r+vv
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K* > p*v(y), (p*mov)
* Wrong kinematics
* Mis-ID of pas Tt
* (Photon(s) undetected)
K* - mr*1m°
* Wrong kinematics
* TI° undetected
Scattered beam
* Incoming 1T mis-id as K
* 11 fakes K-decay at rest (timing)
* K decay-in-flight mismeasured (timing)
* Two beam panticles (segmentation)
Ktn = K%, KL - 11*l-Vv
* KL decays in K-stopping target
* Lepton missed
* No gap between K* and KL

Key: Reliable estimate of backgrounds
suppressed to the 0.1 evt level
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The two
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Kt—=mT*y v events
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The Two E787 K™ — 7 "vv Events
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BR(Kt—»7ntvr ) = 1.57115 x 10710

[1995-8: PRL 88, 041803 (2002),
1995 7: PRL 84, 3768 (2000),
1995: PRL 79, 2204 (1997) ]
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E949: Detector upgrades

Kinematic resolution (dots: E787, solid: E949)
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Comparable kinematic resolution at x2
instantaneous rate.

o(P) ~ 2.3 MeV/c
g(R) ~ 0.9cm
o(E) ~ 3.0 MeV

Total Rejection Factor

Photon Veto: x2 more rejection
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DAQ Summary

ected Kaon ‘ Platinum target used in 2002

Before data taking
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Edited by Kentarou Mizouchi



E949: Beam

E949 (2002) protons on target (typical day)

Proton intens |t\/ AGS SEB Performance Sun May 19 23:59:11 2002

* 76 x 1072/spill (peak) -
e 65 x 10"2/spill (typical) > £ e
Kaons: 2 a
* Incoming: 6-7 MHz ¥ ool
e “Stopping”: ~2 MHz = ) | | . | |
03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time
oo 2R R T Sy XCBM_DATA

PYo7.V-) AN NN NS N N N A N

2002 (E943)/  flogs_oo (£787)
i / LT 16 (e78T)

Live stopped Kaons
2 g
L=} [=]

-
o
(=]
(=]

[RARAE AR R T gl

A.-—ZQGI (E949 Engineering run) |

days from beginning of run

0 25 50 75 100 125 150 175 200

Not optimal in 2002:
* Short run

* AGS main power supply problem. 20% worse duty factor

cf. EZ787. Lower proton momentum = ~10% in K flux.
e K/ separator problems




KEvent reconstruction for the candidate event

¢ Pulse shape in stopping counter

120 -
100 -
80
60
40 3
20 1

b :
0 20 40 60 80 100 120
Time (ns)

- )
iklebia T s #, 2

sTarget reconstruction

E949 x#IMNEZHL =(E787+E949)THOIEHEMD

1l




Branching ratio calculation

— 42
E949 data alone: E 'E787/E949
i ® 40 -
BR(K™ - vv)=09675x107" 2"} :
(68% CL interval) o 38 |-
or
36 |-
< 8.76 x 10'1° (90% CL) i
34 i
Combined E787 and E949 data: I
32 |
BR(K+ —5 ?I"FV‘F) — 1.472’_:;2 %107 i %
j 30 R
(68% CL interval) i A F940 data
28 O E787 data
E787 E949 B e N I Y
Candidate 1995A | 1998C | 2002A 90 100 110 120 1E30 14'DM ‘}5ﬂ
SH'bJ 50 7 Dg nergy( - }
Wi= Si/(Si+b) | 098 | 0.88 | 0.48 Solid line : E949 signal region
Background prob. | 0.006 | 0.02 | 0.07 Dashed line: K787 signal region




p and n without constraints from AB = 2 weak processes
' - Provided by G. Isidori

Acp, Amy < obtained from AB = 2 weak processes.

¢ Red ovals: 68%, 90%, 95% CL areas for p and 1.
e Green lines’ constraints from K™ — n'vv
e Red hyperbolas® constraint from sy measurement.

¢ Blue circles: constraint from |V, | measurement.



Impact on unitarity triangle

CKM fitter: hep-ph/0406184

1_4 C T T T ‘ T T T | T T T ‘ T T T 1 1_4 B T T T T I T T T T | T T T T T T T T ‘ T T
12 F E787 + E949 ] 12 | — E787 + E949 K" St | -
i CKM fit 1 [ =3 CKM fit 2
1 I & B
08 F srzor | o
d i P _ wrme:;uu 7
06 - — &
04 F -
02 F ] =
0 /J 1 ‘ 1 1 1 | 1 ‘ L L 1 -
0 20 40 60 80 ‘
Branching fraction [ 16 0 0.01 0.02 003 0.04

| Vigl

Still room for new physics to appear in AF=1 kaon decays.

Needs more data.



E/87

1992
1995
1996
1997
1998—1999

Japan-US (E787) start Al 28 K& (endcap)
data taking
data taking
data taking
data taking

E949

1999
2001-2002
2004
2005

approved by DOE B 7E 235 K& (BVL/trigger/etc.)
data taking
cosmic-ray run

RSVP cancellation by NSF
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BR(K" = 7z*vv) =147 x10™° (68% CL interval)
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BNL-E787/E949

Summary

e The result for K™7t"VvVv from E787 and E949

= |BR(K" = 7v1) =1.47":2 x10™ (68%CL interval)

The limits on |[Vtd|: 0.0056 < |Vtd| < 0.0266

« New results for K*
K+
K+
K+
K+
71-0
K+
K+

—uVY
—nrnly
- T*nv v
—)7[+y
=YY
- YV
-7y
—u*nly y

We hope further ntvv runs at J-PARC

(Br< 2.7 x 107 (90% CL))

(E787)
(E787)
(E787)
(E787)
(E949)
(E949)
(E787)
(E787)
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CP-exp
Observation of the decay mode K.— * 1t "e*e”, PL B443(1998)409
Experimental research for the decay mode KL— 1%y e*e”, PL B443(1998)409

T-exp

Search for T-violating transverse muon polarization in K3 decay using stopped kaons, PRL 83(1999)

A kinematically complete measurement of K*— st *  * t * decays, Eur Phys J C12(2000)627

Test of exotic scalar and tensor couplings in K*— 1t %e* v decay, PL B495(2000)33

Measurement of I' (K, 3)/ T (Ke3) ratio using stopped positive kaons, PL B513(2001)311

Measurement of direct photon emission in K*— 7t * 7% ¥ decay using stopped positive kaons, PL B554(2003)7
First measurement of the T-violating muon polarization in the decay K*—= u+*v v, PL B562(2003)166

New limit on the T-violating transverse muon polarization in K*— 7t % 4 * v decays, PRL 93(2004)131601
Measurement of K+— 710 710 e* v (Kes®0) decay using stopped positive kaons, PR D70(2004)037101

New result on the measurement of the direct photon emission in K*— 7wt * 7t * 1+ decay, Eur Phys J C46(2006)61
Measurement of K*= oy *vy ¥ decay using stopped kaons, PL B633(2006)190

Search for T-violating transverse muon polarization in the K +—= % u * v decay, PR D73(2006)072005
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Proposal / LOI
—-KL— v vy @JPARC
—Kt—=ut+txnoy @JPARC (stopped kaons)
—Kt—=mty v @CERN decay in flight

—KT—= Tty v @JPARC (stopped kaons)
g — DAFNE experiments
Detector R&D

— EEIK A £%
— SSD

- GSOPWO
— Range Stack



P326

Setting the bar for future Kaon experiments é

d

+1.30 b "

@ Present (E787/949): BR(K*—>ntvv) =147 4, x1071°

| Current
e constraint on
o,n plane
100 events
Mean: of 100 events
E787/949 v o2 v Mean: SM
= 12— B
N T

2/6/2007 Mauro Piccini 4



P326

Proposal to Measure the Rare Decay K*—»ntvv é
at the CERN SPS (NA48/3 — P326) s

Located in the same hall of NA48
CERN SPSC-2005-013 & SPSC-P-326 P el T T —

CERN, Dubna, Ferrara,
Florence, Frascati, Mainz,
Merced, Moscow, Naples,

Perugia, Protvino, Pisa,

Rome, Saclay,
San Luis Potosi,
Sofia, Turin

Schedule By %

a  Presented at CERN SPSC in September 2005
3 R&D endorsed by CERN Research Board on December 2005

@ Test beams in October - November 2006
q:iiim for RICH in 2007 >
i o complete the R&D b}ithe end of 2007 -
@ Start of data taking 2011 .

2/6/2007 Mauro Piccini 6




NA48/3 guidance principles Q

~80 K*— mtvv events

a BR(SM) = 8x101
@ Signal acceptance 10%
a K decays ~10"3

Kaon decay in flight technique
Intense proton beam from SPS
High energy K (Px =75 GeV/c)
Cerenkov counter for kaon ID

Low Level of backgroun

E E E E

@ Kinematics

@ Kaon: Beam Tracker
V @ Pion: Spectrometer

@ Calorimeter for y/u detection
@ RICH (n/u separation)
Spectrometer for charged particle rejection

2 Vetoes & Particle ID

2/6/2007 Mauro Piccini 8
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P326

P-326 Layout

m A
2_: M%NTUD
K i1 v RICH
E Final Coll. i | —J " “ i
- SPIBES1,2 ™
] TAX  cicz c3 4 b ’25 ,// -0
| Target b PRI T =
]« o a0 VACUUM 10-6m}y
— == = ;'_'I"* F'Igi:':'l_"l“ L LI i
] T == K'~75GeV U S Lo
. Achromat 1 Achromat 2 1)
] i X SAC V
E SPIBES 3 b ] N
: y 1 11 atm] |
g v IR K
] L BT '
2 ] Straw Tubes
I 1 1 | 1 1 1 | I 1 1 | I I 1 | 1 1 1 | h
0 50 100 150 200 250 2 M

21612007 Mauro Piccini 10



P326

Analysis: background rejectiongéa

v V

Events/year Total RegionI | Region II
Signal (acc=17%) 65 16 49
K*—>ntnd 2.7 1.7 1.0
Ki'—>p'v 1.2 1.1 <0.1
Kf—>e™n'n v ~2 negligible ~2
Other 3 — track decays ~1 negligible ~1
K*>n*nly 1.3 negligible 1.3
K> ufvy 0.5 0.2 0.2
K*—>e*(u") v, negligible —~ —~
others

Total bckg. 9 3.0 6

» S/B ~ 8 (Region I ~5, Region II ~9)

2/6/2007 Mauro Piccini 28
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I 65: FEERITR AR 1 6 ESSD 7 Zw bAr—T iV REE L2 A, GIE K+ &b R
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67 WIESEAHRL ACRERODEE DA

77 A

FADC Trigger
Logic
¥ é Global
Trigger
Fipeline Trigger Logic
buffer Control
Wavelorm Waveform Waveform
readout readout readeut
Raadout Raadout Raadout
Buffer Buffer Buffsr

'

|
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X 69: Advanced TCA crate 70: Advanced TCA trigger module
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72: Advanced TCA 500 MHz FADC module
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