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Rare K Decays

Considering the program,
| will concentrate on
K-> mvv experiments
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July 2-8, 2006 - Lancaster, England



K=>7vv In the Standard Model

\W I=u,C,t

Mg v
Feature : V'S'Z' T
= Z penguin and Box diagram v
= Top in the loop, Sensitive to Vg > Misi Yia

= Small theoretical uncertainty Wend”

LT

B(K+_)7Z-+Vv)z1.0X10_10A4(772+(,00_,0)2) :’ v

=(8.0+1.1)x10™

B(K, = z°vwv) = 2.2><1010( Im(\//{évtd) X (Xt)]

=(2.8+£0.4)x10™
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K->rvv beyond the SM

« Minimal Flavor Violation

* Flavor symmetry breaking occurs at very high energy
and mediated via Yukawa coupling

e Small deviation from SM

* Beyond MFV A
e New source of S, = > d,
Flavor symmetry breaking UL(S) oy ¢ uL(d)
at TeV scale
z v
V
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Status of K*>n*vv experiments

«Current (Run finished)
“E787/E949 at BNL

eFuture
-P326 at CERN

T. Nomura (Kyoto U.), BEACH 2006 _
July 2-8, 2006 - Lancaster, England



- Current K*->7w*vv experiment -

BNL E787/E949

« Event signature of K'=>n*vv
= K* comes in, only =" comes out

e Basic Concepts Momentqm In K* rest frame

(= In Lab frame)
= Stopped K* experiment

= Measure full kinematics of ©* I o
Energy (E) / Momentum (P) / Range (R) s

= PID by recording m-u-e decay chain
= Hermetic photon veto detectors
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- Current K*->7w*vv experiment -

E949 Detector

Barrel
Veto T—— (b)
gtan e ' i e
— s W grex |l 1 '
- - . |
K*Be = ———- ! - 5 | B|V|-” D"ﬂ
T A N T arre ri
K & [y BeC /a4 \ \— i Veto / Chambe | RSSC
(a) ADy DreGhamber Range Stack | Target
Side view (cutaway) End view (top half)

- Active target (scintillation fibers) to stop K*

= Chamber and the magnetic field to measure T+ momentum

= 19 layers of scintillators (“Range Stack”) to measure E and R

= Waveform digitizer to record w-p-e decay chain in RS counter
= Photon vetoes surrounding 4w (BV / BVL / Endcap /...)
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- Current K*->7w*vv experiment -

E949 Evaluation of Backgrounds

K*=>u*v, but short r'é\_r_\ge

BT ERY s _
yhd and NN function’ P and NN function
ad ‘ 1504 p.
1200 s u o]
: 5““_,.;JM
e 7 o o g
er:(Rmeas_Rexpect)/GR . P for wand p
Loyelr 12I | | i n' m K+97’C+TCO
ot i / P(E,R) and Photon veto
il ~ o™ PV rejection ~10
w2 e R < when 80% acceptance
n-u-e decay chain
e L LA BG level evaluated

In the &t stopping RS

NN gatput

Neural Net function forrand p as functions of cut positions
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- Current K*->mt*vv experiment -

il
-2
E787/E949 Result :
-4
5
« Range vs Energy o _ ¢
s vt E7T&87/E949 O E787 1995-98
after all the cuts 3l acom | 58
| M
> 3 candidates observed " =D S @
A E949 O E787 syl g 12
Simulation sk
e Combined E787/E949 ¢ i
Br(K* - 7v) =147 x107°| [ ;388
* E949 alone e Hn;":' '11 R e B
Br(K* — z*vv) =0.9675% x107"° Energy (MeV)

A factor of 2 larger than SM prediction ? Need more statistics !!
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- Current K*->7w*vv experiment -

E949 Status

« PNIN1 analysis finished  prL93(2004)031801
* PNN2 (140<P_<199) on analysis

= Simultaneously taken with PNN1 @E@

= Goal: S/N ~ 1
* 1/10in E787  PRD70(2004)037102 £

« Dominant backgrounds from Kn2, 3
n* scattered in the target '

e PV upgrade (BVL, Beam PV) s / \
in E949 helps the BG rejection 0 50 0 15O 200 250 300

Momentum (MeV /c)
- Will be completed in < 1 year
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- Future K*->7*vv experiment -

P326 at CERN Details in Talk

in “Future Directions” session

@ Based on NA48 detector

e Decay in flight o y

e For BG rejection ... T Tf \Hj&\ i LS
‘ HH I | wﬂ— i

AAAAAAAA

=
\
\ 5
T\ =
i_l-gtpham‘vml,?\%

;
= K* tracking in 1GHz W D | H i
= PID(n/p) by RICH " l ettt I
= High E =°, low ineff. T e

= Missing mass cut , = > = -

@ 80 SM events In 2 years
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Status of K >n%vv experiments

«Current (Run finished)
-E391a at KEK
eFuture
=JPARC-K (P-14)
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- Current K 2> v experiment -

KEK E391a

detect 2Y (T1°— YY) + require no other particles

] w/ new ideas (1,2,3)
1. Hermetic photon veto
- suppress bkg. involving extra particles (ex. K. = 2%, 24)

00
BHCV
decay region(10° Pa)
««.. detector region(0.1Pa)
(A N S S S S S S S S
2. clean/narrow beam 3. vacuum decay region
-8cm @ 16 m from target - suppress neutron interactions
(calorimeter) w/ residual gas
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- Current K 2> v experiment -

KEK E391a Dataset

eRunl Feb 04 -Jul 04
= Membrane problem (described later)

@ Run Il Mar 05 - Apr 05
= Fix membrane problem

@ Run Il Nov 05 - Dec 05 :
= New BA (in-beam PV: PWO+Quartz sandwich)
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- Current K 2> v experiment -

E391a Analysis i

® Event Reconstruction
= Find 2 clusters -

- Reconstruct Z vertex 3, signal MC :
assuming M(ZV):M(TCO) u_sé -
= Calculate P+ 025 i

ST IENEETNT

1

%00 250 300 350 400 450 500 550 600
Z, (cm)
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- Current K 2> v experiment -

E391a Background in Run |

core neutron background

e membrane problem

: ‘ I o 7
core neutron > . mw .f/
J I

2 gamma from single pi0

single m° background

detected

| core neutron MC |
| after online trigger |

multi. T background
0 ;{
™
0 Y
as detected
I'Y
2 gamma from multiple piO

July 2-8, 2006

a photo of the membrane

AR ©
o ‘?l( 2L ‘f\\
ot \

This problem was
fixed after Run |
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- Current K, 2> n®vv experiment -

E391a Result (Run | 1week)
mul plot

BG Estimation

e Core n multi =°
- Bifurcation
(PV cut/EH cut)

e Halon CC02
—>Z tail from
“n0 run”

(put Al in beam)

o 04 o
N ¥
:‘5 e
\-.E.;ﬂ I 1 3 A ,(.” (@)
A " N =3 (5)
I [4 l] 1.6) SRS
03 fﬁcﬂc -n; CC%]E] [coren multi.] |, N =1
i : : (3.0 = 1.4)
(3) 0.25 | ] 3 [core-n multi. ]
N o2 - :
[core-n n] ' — e (4)
0.15+- ........... | ........... - T Nm =0
: signal region (6) ’\-:r (1.5+0.7)
0.1'" A7) .(8) . | [core-n multi.]
[ ! N, =0 olTe N e =
e : [ﬂ 1 =09) . {E_E: 1.0) fccre-n mufﬁ.}
' ' Kz k\ﬂm =9
o ne {&snmuied w/ ML) (5.6 = 1.1) [cofen multi ]
Eﬂﬂ 250 3&0 35& 4&0 45!? Eﬂﬂ 55& 600
Z _(cm)
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- Current K 2> v experiment -

-1

E391a Result (Run | 1week) =

-4

= i 5

® S.E.S=[9.11 + .20 + 0.645,)] X 108 :
= Dominant systematic error K

e Data/MC mismatch in EmainBarrel (4.2%) S5 1(1)

e Data/MC mismatch in shower shape in Csl (4%) 12

e BR < 2.1 x 107 (90% C.L.)

A little bit updated from Kaon2005 by analysis refinement
= 2.8 times improvement of current limit
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- Current K 2> v experiment -

E391a Status

® Run |
= Finish 1 week data sample = will submit to PRL
= Process under going for Run | full period

e Runll /Il (Blind analysis)
= Glance at 1 week sample, improvement confirmed
= 1/3 of Run Il sample now being studied
= Will open the box by the end of 2006 ? (Hopefully)
= Finish full analysis by the end of 2007 ? (Hopefully)
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- Future K, 2>t v experiment -
)
(&

J-PARC K experiment
— P

@ J-PARC = Japan Proton Accelerator Research Complex
e Now under construction at Tokai-site
@ High intensity PS

« 30/ 50 GeV — E:z; 3 GeV PS Expérimental Area

2 (25Hz)
= 3x10 PPP R&D for Nuclear

Transmutation

3 GeV PS5
Experimental Area

-. 3.4 sec cycle {Superg:;m@ 0]
® First beam - 50 GeV PS
|n 2 O 08 {Mormal Conducting) Neutinos o

SuperKamiokande

— Phase 1 + Phase 2 = 1,890 Oku Yen (= $1.89 billion if $1 = 100 Yen).
— Phase 1=1,513 Oku Yen for 7 years.
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- Future K, 2>t v experiment -

J-PARC K experiment : Stepl

* 30GeV protons on 307 Common target

modification

Front barrel

 *16 degree production angle
" *Pencil beam with 9 ustr
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- Future K, 2>t v experiment -

J-PARC K : Detector upgrade

@ Calorimeter : use KTeV Csl (KEK and FNAL under negotiation)
= More radiation length, reduce shower leakage
= Better segmentation (7cm = 2.5cm), reduce fused photons

7em E39 1a Csl 2.5cm KTeV (s
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- Future K, 2>t v experiment -

J-PARC K : Detector upgrade

In-beam photon veto detector
KOPIO- -type Lead-Aerogel “sparse” sandwich

Less SenSItlve to beam neutron
« Efficiency <10 for En=1GeV i
(cf) neutron rate; ~0.5GHz, En>0.1GeV =~ ‘s
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- Future K, 2>t v experiment -

J-PARC K : Goal and Time-line

® |n Stepl, observe ~5 SM events, with S/N=1.4
= 3 years run, 2010-2012
= Acceptance loss, estimated from E391a experience

@ |n Step2, collect >100 SM events
with new detector, and dedicxated beam line

* Proposal Submitted in April, 2006 (J-PARC P-14)
e First J-PARC PAC In last weekend
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Summary (I)

e K-2>mvv among Rare K experiments
 Unitarity triangle via K decays
o Explore physics beyond the SM

o K*2>ntvv
- 3 candidate events observed by BNL E787/E949
o BR='147+130 | o X100

= New experiment at CERN : P326
e AIms to observe ~100 events

July 2-8, 2006 T. Nomura (Kyoto U.), BEACH 2006 - Lanéaster, England

2D



Summary (I1)

® K, 27y
= First dedicated experiment KEK E391a
successfully finished

e On analysis
o Sensitivity < 108 expected
= Proposal to JPARC : P-14

 Stepl for discovery, with E391a detector . ~ 5 SM events
o Step?2 for precise measurement : >100 SM events
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Extras
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- Current K*>n*vv experiment -

E949 Detector Performance

Kp2 momentum, energy and range
E949 (yellow histogram) and E787 (circle)

| 0=2.3MeV/

IIIIIIIII-II.iII
1%

1% T

K2 Momentum (MeVic)

July 2-8, 2006

..‘E_E

fl o=3.0MeV 1§
| 1 " "

(L1

1mn

K2 Energy (MeV)

K2 Range (cnd

Kp2 Rejection by PV
E949 (red) and E787 (blue)

Total Rejection Factor

10 7:;;55555555

ot
=]
) L=}

10 3=

:3:_77&5---/“;9/76

02‘10/7 | -l

g e

0.3

0.4

05 0.6 07 0809
Total Acceptance
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- Current K*->7w*vv experiment -

Si and b; for E949 candidate cell

« Signal ;= 5.3 x 10>, with BR(K*>1+vv)=1.47 x 1010
e Background b, =5.7x10° = W, =S,/ b, =0.9

< s : T b
i S, of this ce (Rl
B o 44 :_ "EE
42 —
410
o 40 -
. 38 [
; 36 |
15 I B
st
i UL g s oatbeel )
32 | _
: : b, of this cell
0 30 coe
28 — =
Ll 11 I L1l I L1 1 | I L1 1 1 I 111 I L1 1 1 I 111 1
| | l l : 180 190 200 210 220 230 240 250
90 100 10 120 13 M0 150 P {(MeV/c)
Energy (MeV)
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- Current K 2> v experiment -

E391a Deteg_or Pictures

Maia barrel CCO3
| - i -‘ . HHI[ '.'-T
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- Current K 2> v experiment -

E391a “Pencil” Beam

Neutral Beam Line (K0) for E3%/a "

H 5 mn

M 56 an

a0 g

Fn
S

o Pt target

i . halo/core|~10-
e 6 collimators + sweeping magnefs

e |lm

;uBeurn size(cm)
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- Current K, 2> n®vv experiment -

E391a Background in Run |

M CV CsI
e Background daz Q\ X J
1. core neutron \i ‘
;._935 .
qﬂ Ti E 03
7l e
ccoz o
3. Ki—2m° 2y missing o
"‘; "E
o s | -
K y I A/? A L S e
.. | 250 300 350 400 45 500 if: cmﬁ}m
¥ T | Zvtx(cm)

Data after online irigger
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- Current K, 2> n®vv experiment -

E391a Halo Neutron BG

® Halo neviron background

o "% run” w/ Al target in the

beam

® Ny, = 0.04 £ 0.04 in region (3) v |

® Niig=0.9 £ 0.2 in region (1) cco2

; 3

i 1 e e

E‘»mi J_' i Ibki’- CORfam vﬂ:.l‘T‘;:.\;5 CCOZ AI .l.urge.l. (mm)

0 gl

" [ ] neutron WL”
1 I
I Y I

200 536 T4 260 280 300 520 40 360 380 700
ZeZ vt x(cm)
July 2-8, 2006 T. Nomura (Kyoto U.), BEACH 2006 - Lancaster, England 33



- Current K 2> v experiment -

E391a Photon Veto

e Hermetic Photon veto : MB K-—'31:B <
— - ut
o thr.= 1.0 MeV (inner), 0.5 MeV(outer) ~ oufer—
CsI
0
o Ki—3m’2¢ x0.26 (data) v/ ~
. K
o Ki—mlvv efficiency 60% (MC) s
® “shower-splash-back” from Csl
4 Data
- I 7 T T I O — I:l MCtotal
é = SEEE Semzsssies T MC Ky 21 K.—21°
< 1025 be=ct=: || MC K- 310 MB
S T . +.-::::':|::::i§ ?U'I'El‘....
= ' ¥ inner = b

o 1: : Had . NS e
$ e ] y
E 12 l' i ] T KL

ﬂi Ty it +++|‘|'|‘|'-!- |.'i'|' i T L IF e

06 N e

04 E | i

02 f

O 995 T 15 2 25 35 35 4 45 5

deposit energy in the MB inner module (MeV) Epp (MeV)
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- Current K, 2> n®vv experiment -
E391a Acceptance Loss by PV
MB

e “shower-splash-back” from (sl outer_y
inner —¢

e hit position vs AT (=T - Tca) ‘\\L\

8 cV CsI

— 30| 'q_u;iﬂ 2
ﬁ v = —— -'I:.'Im:
TR = L
- — .|- R [ BCTT - Iﬂz - _:Il;l .l -& ]
= | 3 ¢ =
— | TR - T
' 10 - i 10 -“f
= | = 1. : il
1] i H o
F = "1 1LY
10 - . o :m
10 1= et
10 -
SN R B oA '
L . . I".-. .‘;. | S LT ':-:'.'.': " .
a0l L L N s B | IR L [l .
R TR
L. R Ty -g S r_|.||:.__"._ 1 a
Foro, O | TR | S o'l B . - '-.'-'.:h'!.
3 . e T el A - . I

_3%... R 1 LTI B
hit position (cm) hit position (cm)
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- Current K, 2> n®vv experiment -

E391a Acceptance

cut efficiencies
estimated with

Asig = [0.657 £ 0.016] x 10? €=, . \C
® |argest signal loss caused by “photon veto cut”

(MB: 40% loss, BA: 35% loss)

o w/ Ki— 2 decays :
Niocay = [1.67 £ 0.04(ggaz,] X 10° %m
e cross check ==
- PDG: [4.45520.023] x 103 _33;; S .nl.c.,\Jm
oo = [416:50.09sat) % 0.040C stas)] X 10 :; s
7% diff. <¢=the mismatch Data/MCin Eng % PR

_ M, (CeVic)
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