Recent Rare K Decay Results

Michael Arenton
University of Virginia

HQL2006 Munich October 16-21,2006



Although data taking was some years ago
the K decay experiments KTeV and NA48

are still producing many interesting
results on rare decays.

We define rare decays in two ways:

1) Pushing the smallest branching fractions
observable to smaller and smaller levels.

2) Obtaining large statistics on previously
observed decays to study their properties
IN more detail.
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Results will be presented on the following modes

mode Approx BR Number of events
K >y 1 x10-5 112,000
K+ —>m nly 3 x 104 124,000
K 2 ndy 2 x104 5600
K 2 rlete 2 x1077 132
K —e*ey 1 x107 100,000
K —>nevetee  1x10° 19,500
n'->ete 7 x10-8 794
K =>nnn-e’ < few x 1010 ?

(KL%TEO'Y'Y KL%TCOe-I_e-'Y KLQTCOTCO'Y In E.Cheu’s talk)
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E832 K, and regenerated Kq

for ¢'/e measurement

Magnet p, kick 400 MeV/c

E799 2 K, (vacuum) beams
for rare decays

Magnet p, kick 200 MeV/c in 1997
And 150 MeV/c in 1999



KTeV used very clean K, beams generated by 800 GeV/c
protons on a BeO target.

Large vacuum decay region surrounded
by veto counters
Tracking: Magnet surrounded by 2 sets of 2 x/y
drift chambers

3100 element Csl EM calorimeter
o(E)/E = 0.45%(+)2%/sqrt(E)

Muon absorber and scintillator hodoscopes

Michael Arenton HQL2006



KTeV had two runs 1997 and 1999.

E832 1999 about same sensitivity as 1997 at
somewhat lower intensity — to check €'/

E799 1999 lowered magnet kick to increase
acceptance (for 4 track modes especially)

some triggers prescaled.
Sensitivity:
1997 2.5 X 1011 K| decays
1999 3.5 X 101 K, decays
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Radiative Decay K, =>ntny

(John Shields and Michael Ronquest, University of Virginia)

internal bremsstrahlung

T

CP-violating

direct emission

DE coupling requires energy dependence:

Q]fag

(M2 — M) + 2MKE,

e | =& |1+

T

Direct emission can have M1,E1,M2,E2... multipoles
E1l is CP violating.
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1997 dataset of E832 (collected during €' /¢ data taking)

After all analysis cuts: 112.1 x 10° candidates including background of
671 £ 41 events.

Likelihood fit to full-differential decay amplitude.
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KTeV Results for ntny

Figure: 90% contours for i1 vs a1/ a> for known
experimental results:

Form Factor parameters:

| - KTeV(rmy). PRL 86.761(2001)

3 - KTeV(m mee). PRL 84.408(2000)
a X s 3 - NA48(ree). EPJ C30.33(2003)
= —0.738+£0.007£0.018 (GeF~)  3.KTeV(rmee). PRL 96 101801(3006)

- KTeVim =) This Result, accepted to PED
oy = 1.198 £ 0.035 £ 0.086

= 9055 L.
Decay rate for £, = 20 MeV: "
DE 0.689 £ 0.021
—_ = ), . 1.25
DE + 1B
CP violating E1 DE: !
o < 2 ﬁf '
51| = 0.21 (90%CL) .

a,ia, [ Gev]
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Can also use related decay K, =>ntn-e*e-

Has additional

charge radius term ) . ? .

More sensitive to possible E,
term than is K, = ntny

19€1//I9m1/<0.04 (90% CL)

Michael Arenton HQL2006

10



NA48/2 results on K*—=>r " nly

(Silvia Goy-Lopez and Mauro Raggi)

The NA48 Detector

Muon veio aybem
Hadron calorimetar
Ligquid krypton calormeter

Hodoscope

DOrift chambsar 4
Antl counter 7

Detector components.

Hellum tank

Drif chambar 3
Magnst

® Magnet spectrometer
4 sets of drift chambers.

Ap/p = 0.5% | for p =20 GeV/e,

Dritt chamber 2
antl countsr

Dirift chambar 1

W Hodoscopes:

Fast trigger, precise
time measurement (7, = 150 ps).

Hewlar winos

¥ Liquid Krypton Calorimeter (LKr)
AE/E = 1.0% | for E. . =20 GeV/e.

® Hadron calorimeter, photon vetos, muon counters

Raner Wanks, Jniverslla: Mang, ICHER 200E, Mossow, (Ul 28 2006 - p.305
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Data taking in 2003/2004:

K+ Decays:
The NA48/2 Experiment

(NA48/2 experiment)

¥ Main aim: Search for direct CP violation in '+ — 37 decays.

¥ Simultaneous K T and K —beams, with p; -+ = (60 4+ 3) GeV/e.

W Total statistics: K= — wEatw—: ~ 4 x 10" events
K* — 7Ex%"  ~ 100 x 10° events
Momentum Beam Beams coincide
selection specirometer within ~1mm
c0 s |
-TxAnll AHES Lievay el mr
protoncicolll . .' ..
: K -
Targm N ,:I H_i |
kaonaieplil l
First Achromat  Second Achromat Vo Fia lank « T-J om
1gr|1I- , , . Il:lri. lptll."lll'lﬂﬂlmw cad
] &0 100" 200 260 m

Ralnar Wanke, Unlverstat Malnz, ICHEP 2006, Moscow, July 29, 2005 - 01008
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Physics of K' =>r ntly

As for K =n*n~y have both Inner T |
Brem and Direct Emission K TE
DE can have Magnetic and Electric

parts DE \7T

Electric part of DE can interfere with 1B

Unlike in K =n*ny IB is CP conserving, so DE is much
smaller than IB
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BMand

Two Dalitz plot variables: W and T*,

In K rest frame
Eﬁ (E —P cos8 r]

2

W (PP~ ) (PrPy)  (Lorentz invariant
N ﬂt.?rﬂt.%{. definition) e

Matrix element shows separation in W? of components

t + ' !
= _(ar ) H—i(m“lﬂ'ElElﬂwHﬁl—L'IH}‘,I-_I-G]I—I—Qﬁ) W |E[ + | MP)
e

a L T g

A A
Y Y
IB INT DE
Sivia Goy Lopez COOG 11

Previous experiments have not seen the INT term

NA48/2 has analysed 5 times more statistics
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Two main problems that must be reduced to avoid
distortions in W spectrum that might mimic DE or INT

1) mis-assignment of y’s
Use best ° or K mass and require agreement
of charged and neutral vertices.

2) Backgrounds from K* =z 7 and K* =7 nx?

ol S 0 K=—n*n"y

Remove K =7 7970 with
merged y’s by trying to
split each of the y’s

Background is reduced to
<1% of DE level 1

bk im Crehiic”

04 042 044 046 048 05 052 054
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Results of fit to W distribution

175

1.5 |
. |IB dominated W
4 Iegio e
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Fitting region

LR

I

0T

Clear evidence of DE/INT at high W
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The K*— n*rn’ vy decay. Results

O Use extended ML for 0.2<W<0.9|_
Zy L Lé
O Based on 124 10° events e SR ﬁﬁz
O Systematic checks: oot b oE
®  Tngger efficiency dominates
(trigger improved for 2004) om |
= Neutral energy scale, fitting
procedure, miss tagging o b
O First evidence of INT!
[ -
NA48/2 Preliminary: 2003 data
0=<T* <80 MeV 005 |
FT-EI'C[:D'E} — {3 35403 f"am + ﬂ-zjﬁgt} 04 2 s o3 Ey (ol U.Lllil-j ]}L'EI..Uf-
T 10
= - + + Q . .
FracINT)=(-2.67£0.81,. = 0.73,.) % High correlation -0.92

Br1amd Siwia Goy Lopez CO0G 20

This is based on ~30% of available data
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K 2rntnnly and K 2>t rnlete

(Sasha Ledovskoy — University of Virginia)

internal bremsstrahlung

" This decay 1s dominated by inner brem process

K i
‘ BR(E, > 10 MeV) = (1.65 £ 0.03) x 10~*

G. D’Ambrosio et al, Z. Phys. C 76, 301 (1997)

direct emission
T DE is estimated to be very small

K, BR | girecr= (8a1 + a» — 10a3)* -2 - 1071

-3

where a; = O(1) are unknown. G. Ecker ef al, Nucl.
T Phys. B 413, 321 (1994)
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For K, »n*nn’e*e there are no published theories

Inner Brem and DE

Same amplitude as in K7 — 77— 7% with v* — ete™.

Charge radius

K K . Similar to K; — 7w~ eTe .
o Isit Kz — Kiv™ or K — Ksv™?
e m
How one can measure IB, DE and CR amplitudes in K; — 77— 70~ ()

decays that have never been observed?

Michael Arenton HQL2006
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KTeV first observation of K, =»ntn—nl

E832: ¥ — vy E799 (~40%): 7% — ete 7.
2853 candidates 2847 candidates
10° 2 103
g | T
102 o 102;_ — MC:SIG + BKGR
10 10 i‘
1 Humm{tmlh |”|’h"||||||||| #Hg

0.47 0.48 0.49 0.5 0.51 0.52
Mass m*n™n’y /GeV

0.48 05 0.52
Mirmeeyy) [ GeV |

KTeV Preliminary for E5" > 10 MeV:
BR = (1.70 & 0.035¢4r + 0.0445¢ &= 0.03,,rm) X 10~*

Good agreement with SM calculations (ZP C76,301)
BR(K; — nta~ %, ES" > 10 MeV') = (1.65 £0.03) x 10~*

Michael Arenton HQL2006
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KTeV first observation of K, »>ntn-nlet*e

» E799 data,

» clean sample of 132 candidates

s DATA
[ wWc: BKGR

» estimated background level of
1.240.9 evt a0 F

» Normalization mode 1s

¥

Ky — ata—wd .
_ 0.5 0.55
» ~40% of KTeV data anayzed M(rrryee) [ GeV ]

KTeV Preliminary £,, > 20 MeV:
BR = (1.60 + 0.18,) x 10~

We will try to measure Direct Emission and Charge Radius amplitudes in
near future.

Michael Arenton HQL2006

21



K —>e'ey

(Mike Wilking — Colorado University)

K, —=utu arises partly by a short distance coupling whose
value yields a measurement of |V

However it also has a long distance coupling related to
K, =2y®y® which must be subtracted.

Two form factor models are usually considered.
2 parameter model of D’Ambrosio, Isidori and Portoles
based on chiral perturbation theory.

Vector dominance inspired model of Bergstrom, Masso

and Singer.
1 C ape | 4 1 1 1 2 1
femsiz) = T+ |3 — T R ;
e e P T g
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Experiments actually determine C-a,* where C is:

— (SWOCEM)UZGNL K Ky p2/ (f* w)

A number of experiments have reported values of a,* from
various decay modes, but are inconsistent as to value of C
as the parameters making up C have changed over time.

We report Co* and compare it with Co,* from
other experiments

Distribution of m_, is quite sensitive to the form factor.
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Best Fil Coe = -0.516847 + /- 0.0300864 & BestFit ¥° = 23.2006

10%F MC Cay. = -0.75 10*F MC Can. = —0.5
105} 1031
102} 0%
IIII|IIII|IIIIIIIII|III IIII|IIII|IIIIIIIIIIIII
0 01 02 03 04 05 D 04 0.2 03 0.4 05
e'e” Moss e'e” Moss
: 30 -
1041 MC Ca,. = —0.25 | 298
- 29.6
[ - 29.4 |
10k 29.2 |
- 29 |
2' 288 |
10°F 286 F
- 28.4 |
111 | 111 I 1 1 1§ I 1 I | | 11 1 25.2 :_I 1 1 I 1 1 | 1 1 1 | 1 1 | | 1
0 01 0.2 03 04 05 -0.54 -052 -05 -0.4B
e'e” Moss shaope ¥* vs Ca
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Corrected preliminary KTeV K, —e*ey Results

BR: (9.25 +0.03(stat) + 0.07(syst) + 0.26(ext syst)) x10°
Ca,*: -0.517 + 0.030(fit) + 0.022(syst)
app - -1.729 + 0.043(fit) + 0.028(syst)

Previous C*alpha(K*) Measurements

1964 1860 1593 1004 1086 193 FIe] e E AL 2008
Yoar

25



K —2rn'e’veter (commonly called Ke3ee)

(Katsushige Kotera — Osaka University)

Because of missing v, harder to separate out this decay

Worst backgrounds are:

K 2t no (n’—>etey or eteete)

K i=ne vl (n'—>e*ewy)

K =27 e vy (y converts in material)

Use full =/e ID power of Csl calorimeter and the TRD’s

Michael Arenton HQL2006
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K,.oIs 4 momentum squared a n° from a Dalitz decay would have
Calculated assuming identified e from Ke3 is actually a «t

signal is mostly < 0 ntnno(n'—=>etewy) background >0
Y
! !
1400 Acegpred I :Keq Dilitg
S 0 :pm0 Dalitz
1200 i ..‘pmu 4¢
i :Ke3(rad)
1000 | g Kejee
I 4 :Data
800 |
600 |
400
) \
u ™ 1

=0.06 =0.04 =002 0 0.02  0.04 '[l',f.Hf;
k,, (GeV/)



Final sample 19466 candidates with background of ~5%
(this is based on about 25% of all E799 data)

Preliminary results:
BR[K, = e ve*e; m+,->0.005 GeV/c?, E_ +,->0.03 GeV]
=[1.281 +0.010(stat) + 0.019(syst) + 0.035(ext syst)] X 10-°

K.Tsuji (paper in preparation) has calculated in yPT the ratio:
R=I"(Ke3ee, m_,.> 0.005 GeV/c?) [T'(Ke3)

R=4.06 X 10~ at leading order
R=4.29 X 10~ at next to leading order (p%)

Measured BR corresponds to R=(4.54 +0.15)X10~
3.2c from LO and 1.7c from NLO
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nd—>ete

(Rune Niclasen — Colorado University)

__—
Lowest order process Y
Unitarity bound il i
(Drell 1959)

L S

Various Vector Dominance and
Chiral Perturbation Theory calculations
predict small enhancements above this level

Michael Arenton HQL2006
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nV's are “tagged” by requiring K, = n%z7°

v idof = 210 / 27

63;_ ”

0118 0.12 0.126 0.13 0.1 5{ D.14

- . m SI.:]F1L| reqion
Preliminary result: o

794 events with a background of 53.2+9.5 events
BR(n’—>e*e". x>0.95) = (6.56 +0.26 + 0.10(int) + 0. 19(ext))X10 8
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10

"+ 1

(Lowest order) BR ( ’— e*e ) x 10°®

Comparison to theories

N Gomez et.al. (ChPT+exp)
I Savage et.al. (ChPT+exp) {
 Bergstrom (VMD) {
i \ 1 New KTeV result
SR ! {
[ \ B T Knecht et.al. (ChPT+LMD)
[ Babu et.al. (VMD)
» Ametller et.al. (WMD)
Unitary limit
| | | | | | |
1980 1985 1950 1985 2000 2005 2010
Year

Result is 7c above unitarity bound
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Final combined analysis of entire KTeV dataset in progress.

No new result on K, —=>nu e’

Very new result — Box opened last week — for
K =2n’t’u e and n'=>pte”

Michael Arenton HQL2006
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After cuts to remove background final selection is usually

made on m

TTUEe

and p,2 with respect to K, flight direction,

defining a “box”.

Instead we define a probability distribution function (pdf)
that m and p,2 have appropriate values.
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Defining the search region

K, —> mue signal MC

blind region signal regian
—‘:,. g _ 0 ]

a 2 4 E 8 10 12 14 16

Likelihood variable
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Backgrounds appear to be from a little bit of everything

Impossible to generate enough Monte Carlo to simulate.

Probably cannot trust Monte Carlo at 10-10 level

Instead estimate background from data, but not enough
events left after final cuts to extrapolate to signal region
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Determine background from data by fitting pdf for
data with relaxed cuts

o5 F n n-:-:-
113: E iz
' 3 “m“:} - "

1=k E

Signal region
Is pdf>10

n—‘..'-.‘l] -1*"L -1 -1 —-10 —4& i —O& 1] 250 1]
it
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Expected backgrounds:

K =2n'n%u-e” 0.44 + 0.12 events
no->ute’ 0.03 +0.02 events

- blind |signal
C region |region

0.6 [

02 [

Box opened, no events seen 3 T A e T
. . . . . -20 -15 -10 -5 0 5 10 15
In either signal or blind region ”

b -~
o.af—
0,53—
0.4 [

02 |

e 100 —80 —60 —40 -20 Q

pdf
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Preliminary result using Feldman-Cousins method

90% confidence level upper limits
BR(K, »n'n%u‘te’ ) <1.58 x 10-1°

BR(n0->pte’) <3.63 x 1019

Michael Arenton HQL2006
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Summary

Recent very sensitive results from KTeV and NA48 on:

K —~e'ey
K —2n e ve'e
nd—ete

lepton flavor violating modes
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