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Outline

K 2 decays an d p h ysics b eyo n d th e S M

E x p er i m en tal si t u at i o n

N A 4 8 detecto r

P r el i m i n ar y N A 4 8 /2 r esu l ts o n Γ Ke2 /Γ Kµ2

R u n 2 0 0 7

S u m m ar y
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Ke2/Kµ2 – In tr o d u c tio n

K 2 decays
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Let’s c o n sid er th e ra tio RK:
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M. F in k em eier, PLB 3 8 7 ( 1 9 9 6 ) 3 9 1

( δRK
C o n ven tio n : In c lu d e IB , ex c lu d e D E )

V. C irig lia n o a n d I. R o s ell, a r X i v :0 7 0 7 .4 4 6 4

Ke2 d ec a y is stro n g ly h elic ity su p p ressed

H a d ro n ic u n c erta in ties c a n c el in th e ra tio

Very well– k n o wn q u a n tity in th e S M

C an b e u sed to test lep t o n fl av o u r v i o lat i o n !
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RK and th e p h y s ic s b e y o nd S M
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A rec en t wo rk (A. M as iero et al., P R D 7 4 , 2 0 0 6 )

h as s h o wn th at S U S Y effec ts c an s h ift th e S M
p red ic tio n fo r RK by a relative amo u n t in th e

p erc en t ran g e (in s o me c o n fi g u ratio n u p to 3 % )

S U S Y with L F V c o u p lin g s like H iνk (in p artic u lar i e, µ an d k τ) mo d ify RK
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R emarkably n o effec ts ex p erimen tally o bs ervable are ex p ec ted in π 2 an d τ d ec ays

A p rec is e meas u remen t o f RK p ro bes µ– e u n ivers ality an d p ro vid es a tes t o f th e S M

K ao n s are a g o ld en mo d e fo r S U S Y L F V s earc h es
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The ex p erim en ta l s itu a tio n

The ex p erim en tal kn o wled g e o n RK has b een p o o r s o far

P D G 2 0 0 6 averag es three m eas u rem en ts d atin g b ac k to the s even ties o b tain in g :

RK

Γ K e ν

Γ K µ ν
2.45 0 .11 10 5

The ex p er i m en t a l er r o r o n RK i s t w o o r d er s o f m a g n i t u d e l a r g er tha n the theo r y o n e

H ere will b e rep o rted the n ew (an d p relim in ary) N A 4 8 /2 res u lt b as ed o n the 2 0 0 4 d ata

5 6 ho u rs (o u t o f 6 0 d ays ) s p ec ial ru n with "m in im u m b ias " c o n d itio n s

S im p lifi ed trig g er lo g ic

L o w in ten s ity b eam ISR 1/4I

A ls o K L O E rec en tly (K A O N 2 0 0 7 ) p res en ted a p relim in ary res u lt
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The NA 4 8 d etec to r

Kevlar window

D rift c h am b er 1

A nti c ou nter 6

D rift c h am b er 2

M ag net

D rift c h am b er 3

H eliu m  tank

A nti c ou nter 7
D rift c h am b er 4

H odos c op e

L iq u id k ry p ton c alorim eter

H adron c alorim eter

M u on veto s y tem Magnetic S p ectr o m eter

4 d rift c h a m b e rs
σp

p % 0 .4 8 0 .0 0 9 p (G e V /c )

D ip o le m a gn e t w ith 1 2 1 M e V /c pT kic k

H o d o s co p e

Fa s t trigge r

P re c is e tim e m e a s u re m e n t
σt 1 5 0 p s

L iq u id K r y p to n E M C alo r im eter

Q u a s i– h o m o ge n e o u s , h igh gra n u la rity
σE
E %

3.2

E
9 .0

E 0 .4 2 (G e V )

1 3 2 48 c e lls o f 2 c m 2 c m

Mu o n C o u nter

2 5 c m 2 5 c m c e lls
σt 3 5 0 p s
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Eve n t S e le c tio n

Geometry

1 tra c k to po lo g y

15 p 5 0 G e V /c

G o o d ve r te x
G e o m e tric a l a c c e pta n c e
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Eve n t S e le c tio n

Geometry

1 tra c k to po lo g y

15 p 5 0 G eV /c

G o o d ver tex
G eo m etric a l a c c epta n c e
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µ id . (E /p 0 .2 )
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Eve n t S e le c tio n

Geometry

1 tra c k to po lo g y

15 p 5 0 G eV /c

G o o d ver tex
G eo m etric a l a c c epta n c e
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P a rti c le I D
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µ id . (E /p 0 .2 )

K i n ema tic s

M is s in g m a s s : M
2

miss
PK P

2

PK 0, 0, 6 0 G eV /c

0.01 5 M
2

miss
0.01 5 (G eV /c 2 2

E ven ts s elec ted :

3 9 3 0 Ke2

3 .4 1 06
Kµ2

Michele Veltr i S ea r ch fo r B a r y o n a n d L ep to n N u m b er Vio la tio n S ep tem b er 2 0 - 2 2 , 2 0 0 7 L B N L B er k eley Tes tin g lep to n u n iv er s a lity w ith k a o n d eca y s – p .8 / 1 7



Background
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M is s in g  m a s s  v s  E /p  d is tr ib u tio n  fo r  K e 2

The b ig g es t s o u rc e o f u n c er tain ty fo r this m eas u rem en t is related to b ac k g ro u n d s u b trac tio n

The d o m in an t b ac k g ro u n d in the Ke2 s am p le is

d u e to Kµ2 even ts

K in em atic ally u n d is tin g u is hab le at hig h m o m en ta

W ith a p ro b ab ility o f 5 1 0
6 the µ u n d erg o es

to a c atas tro p hic en erg y lo s s in the L K r

The E /p o f µ b ec o m es c lo s e to 1 fak in g the e

This b ac k g ro u n d is m eas u red fro m d ata

Ke3
b ac k g ro u n d is o b tain ed fro m M C

K π π0 b k g in the Kµ2 s am p le is n eg lig ib le

3 4 0 7 6 3 stat 54 syst Ke2 even ts
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NA 4 8 /2 ( 2 0 0 4 r u n ) p r e lim in a r y r e s u lts f o r RK

We m ea s u red :

RK
N

Rec
Ke2

εKe2 Trig AKe2 Ce

AKµ2 Cµ

NRec
Kµ2

D

N
Rec

K 2
N . o f even ts b k g s u b tra c ted

εKe2 Trig Ke2 Trig g er eff. (D ATA)

C L o s s es d u e to E /p c u t (D ATA)

AK 2 Ac c ep ta n c e (M C )

D D o w n s c a lin g fa c to r (5 0 )

RK 2.455 0 .0 45 0 .0 41 1 0
5 N A4 8 /2 P R E L IM IN AR Y

S y s tem a tic S o u rc e R ela tive E rro r(% )

B a c k g ro u n d s u b tra c tio n 1 .5 9

E lec tro n id en tifi c a tio n 0 .2 4

Ke2 Ac c ep ta n c e (M C s ta t) 0 .3 0

Ke2 Trig g er effi c ien c y 0 .3 0

2.3 2.35 2.4 2.4 5 2.5 2.5 5 2.6

Γ(K e 2)/Γ(K µ2) (1 0
-5

)

K +

K -
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fit fo r RK

Combining togeth er PD G 2 0 0 6 a nd th e new p relimina ry N A 4 8 /K L O E res u lts
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6C la r k , 19 7 2

H e a r d , 19 7 5

H e in tz e , 19 7 6

N A 48 /2 (20 0 3), p r e l.

N A 48 /2 (20 0 4), p r e l.

K L O E , p r e lim .

P D G  20 0 6

K A O N 0 7

S M

RK 2.457 0 .0 32 1 0 5
χ

2/nd f 2.44/3

H u ge imp rovement w.r.t PD G 2 0 0 6 σrel = 1 .3 % now

Perfec t a greement with S M ex p ec ta tion
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NA 6 2 2 0 0 7 R u n

The N A 48 evo lu tio n P 3 2 6 , als o k n o wn as N A 48 /3 ,
an d very rec en tly n am ed N A 6 2 , is n o w tak in g d ata

fo r a d ed ic ated m eas u rem en t o f RK (als o tes ts

fo r the fu tu re K π ν ν ex p )

4 m o n ths d ata tak in g (J u n e– O c to b er)

C o llec t 1 5 0 0 0 0 Ke2 even ts

G o al to reac h σRel RK 0.3%

Big r e d u c tio n o f t h e s y s t e m a tic s

Ü N ew b eam an d s p ec tro m eter c o n d itio n s

Ü P rec is e m es u rem en t o f Kµ2 b ac k g ro u n d

M in u m u m b ias trig g er c o n d itio n s as fo r 2 0 0 4 ru n

Ke2: H o d o s c o p e hits + m in . en erg y in L K r

Kµ2: O n ly ho d o s c o p e (d o wn s c aled )
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NA 6 2 2 0 0 7 R u n – P u llin g d o w n th e s y s te m a tic s

MC S im u la tio n - E q u a l s a m p le s o f K
e2 a n d Kµ2

The b ea m a n d s p ec tro m eter p a ra m eters ha ve b een o p tim iz ed w.r.t. 2 0 0 4 ru n

K a o n m o m en tu m : 6 0 G eV /c Ü 7 5 G eV /c

K a o n m o m en tu m b ite: 3 G eV /c Ü 2 .5 G eV /c

pT kic k fro m s p ec tro m eter m a g n et: 1 2 0 M eV /c Ü 2 6 3 M eV /c

Improved k in ema ti c s epa ra t ion

ptrack 3 5 G eV /c ( 4 3 % )

K i n ema ti c s epa ra t ion

B u ild M2

miss
e with e m a s s a s s u m p tio n

ptrack 3 5 G eV /c ( 5 7 % )

E lec tron Iden t i fi c a t ion

R eq u ire e– ID with E /p c u t

M ic h e le Ve ltr i S e a r c h f o r B a r y o n a n d L e p to n N u m b e r Vio la tio n S e p te m b e r 20 -22, 20 0 7 L B N L B e r k e le y Te s tin g le p to n u n iv e r s a lity w ith k a o n d e c a y s – p .1 3 / 1 7



NA 6 2 2 0 0 7 R u n – P u llin g d o w n th e s y s te m a tic s
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K in e m a tic a lly  s e le c te d Kµ2

E /p

Remember: th e larg es t s o u rc e o f s y s tematic s fo r th e 2 0 0 4

res u lt is related to bac k g ro u n d s u btrac tio n

M ain ly d u e to Kµ2 in Ke2 s amp le

P ro blems w ith mu o n s w ith E /p 1

Measure th is b ac k g ro un d d urin g t h e 2 0 0 7 run

P u t a 9 X0 lead bar betw een th e h o d o s c o p e p lan es in fro n t th e L K r

L o s e 18 % o f ac c ep tan c e

T h e e are s to p p ed in th e lead

O n ly µ p as s

M eas u re E /p o f µ in L K r
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Summary

K 2 decays p ro vide a very ch allen g in g o p p o r tu n ity to tes t p h ys ics b eyo n d th e S M

W ith in th e fram ewo rk o f S U S Y , vio latio n s o f lep to n u n ivers ality u p to 3 % can b e ex p ected

P relim in ary res u lts fo r RK b as ed o n N A 4 8 /2 2 0 0 4 data h ave b een rep o r ted h ere

T h e N A 6 2 ex p erim en t at C E R N is p res en tly co llectin g data with th e aim to m eas u re

RK with s u b – p ercen t p recis io n

T h is m eas u rem en t will eith er fi n d deviatio n s fro m th e S M ex p ectatio n s o r s et very

s trin g en t lim its in th e S U S Y p aram eter s p ace

Same RK c en tral valu e, δRK /RK = 0 .3 %
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Spares

Michele Veltr i S ea r ch fo r B a r y o n a n d L ep to n N u m b er Vio la tio n S ep tem b er 2 0 - 2 2 , 2 0 0 7 L B N L B er k eley Tes tin g lep to n u n iv er s a lity w ith k a o n d eca y s – p .1 6 / 1 7



Radiative C o r rec tio n s

*E     [G e V ]γ

In n e r  B r e m s s tr a h lu n g

D ir e c t E m is s io n

SM p red ic tio n fo r Γ Ke2 /Γ Kµ2 in c lu d es IB bu t ex c lu d es D E c o m p o n en t

D E is n eg lig ible in Kµ2 d ec a y a n d q u ite la rg e in Ke2 o n e

A ll ex p erim en ts m ea s u re in c lu s iv e Γ K
e2 γ /Γ Kµ2 γ

a n d s u btra c t th e D E c o n tribu tio n

E ffec ts o n th e a c c ep ta n c e

P ro p er trea tm en t o f ra d ia tiv e c o rrec tio n s is im p o rta n t
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