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NA48 history and detector

o NA48/2 recent results in charged Kaon decays

0

0

o Dalitz plot asymmetry in K5 . and K;_,
o First evidence of INT term in Kf—n*ndy
o First measurement of K*—n*e+e-y
o Measurement of semileptonic decay rates and V.
o Lepton universality in R =K,,/K ,
NA48/1 hyperons

o First measurement of the =°—Ac'e

NA48 results in K, decays

o K form factors
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/ NA48 detector

™

Muon veto sytem
_Hadron calorimeter
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/10 years of History

™~

1997

NA48(1997-2001): 1998 oo s
Direct CP-Violation in neutral K jogg  EYE run Ks
Hi.
>Re(e'/€) = (14.7 + 2.2)104 Kt Ks int
NA48/1(2002): 2000 Konly | s DO
Rare K decays and hyperons 10 Speciome =
NA48/2(2003-2004): S
Direct CP-Violation in charged K —
> Ag(Ki N 1T1-1T+,,T-) (K3nc) 2002 Kg High Intensity

> A (K* — mmonO) (Ks5,.,)

..and many other results in semileptonic

2003

2004 K* High Intensity

and rare decays

/
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NA48/2 charged Kaon decays

\_
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/ Simultaneous K* Beam \

Y+ TAX 17, 18 - oo 2 P g =
}l FDFD colli'i.lr[tl'::alter DCH1 alg?e DCH 4:: == =
7 Defining ] Protecting !
.\mlhor . collimator Cll;{anii[lg : !
2 = | 5 = collimator | b : i
| ;/’f \ \ b 1 K J—' KABES 1 || Decay volume &
ZN A S !
2\ X 1 KABES 3 = f
R / | ! : T ;
,-é 3\\\* i ‘ \ : —f_————.—.._ —I_.—':'-:_ —— e T
6N | A\ /f . ‘o 2 ! 4
N |/ A\ B/ ' focused beams | | = il ‘
f"/ . Iy '\\ 't I,"I.l 1 "‘ Ir : -E : i
B AL / . E ':
\ : i : : Il
2nd - '
i !
CEND ACHROMAT Qu“a’;ﬁ’:ote ACHROMAT " Vacuum Nﬁ . 10em
1cm Quadruplet . fank Spectromater
50 100" © 200

0
Py = 60+3 GeV/c

Simultaneous K* and K- beams: § Width ~ 5 mm

Flux ratio: K*/K- ~ 1.8
large charge symmetrization of
experimental conditions

o % 8 8 % § E3
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/Measuring |A,l

102
—01
=

103

104
103

106

T Smith et al. (1975)

| "Neutral” Ford et al. (1970)........
= Y "Charged"”
- " ==HypercP prelim.
— = TNF (2005) = TP P
| & "Neutral” : 1 (2000 "
: - : "Charged
Y'vw OO
- ?“Neu‘rr'al" : N
i & * :"Charged" €
T w
NA48/2 .
- proposal h
c Y
= S

Kinematic variables:

;= (Pe-Pr)?, i=1-3 (3 = m,yyy)
So=(Sy*+S;+83)/ 3
u=(s3-Sq) / my?
v=(s,-5;)/ m2?

Matrix element expansion:
IM(u,v)|2 ~ 1+ gu + hu? + kv2

Direct CP violating quantity:
slope asymmetry

A,=(g-9)/(g+9)20

Q/\ theoretical prediction: 10-6-5-10-5

/
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/ Latest result in K; . asymmetry \

40 + o R
>3.1-109K, : 2.0K* 1.1K- 2 | m
> A factor ~20 better precision X, |
than previous measurements <o A .l
> Statistical uncertainties dominate = |
. . I [1] Ford et al. at BNL (1 9?(3!)
> No CP violation observed a0 [ [2] HyperCP at FNAL, prelim. (2000)
>Result compatible with  the _ | RINAGE
Standard Model predictions }
-30 T ' |
[1] [2] [3]
Final 2003+2004 2003 + 2004 FINAL RESULT
Ag = ( 1.5=+1 551.01. + 0. 91'r'lg P lsyst). 10-4 Final 2003 result published:
=(-1.5+2.1)-10* PLB634 (2006) 474-482

Based on the full 2003+2004 data sample /
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/ Latest result in K; , asymmetry \

»91-106K,_: 59 K* 32 K- 5" £ mtnln|
> A factor ~10 higher precision than X *\ T~
the previous measurements < o N =
> Statistical uncertainties dominate 20 |
> No CP violation found. i [ [1] Smith et al. at CERN-PS (1975)
. . : [2] TNF at IHEP Protvino (2005)
> Compatible with the Standard Model 1 [3] NA48/2
predictions i | | |
[1] [2] [3]
.
Final 2003+2004
Ag - (1 8=x1 7s1'a1' +0. 5sys1') 10-4 Final 2003 result published:
=(1.8+1.8)-10* PLB638 (2006) 22-29
Based on the full 2003+2004 data sample /
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/ The radiative decay K*—n*nly \

LA

(Pr - PX)(Pr-Py)

|
wom |
el ‘
(1] |

07 03 09
WIINT)

;-'2
W (mkm E
* ( * m 4 . mn s o
L ( 2 ) [1+2 (”“XI-I'ElEIr*u.«;((Jl — o) & &) + C’ ) WA + |M|ﬁ)}
dW X dW ) 1 y mi ') \MK Y,
Y Y Y
IB INT DE
Inner Bremsstrahlung (IB) : (2.75+0.15)-10-4 PDG (55<T <90 MeV)
Direct Emission (DE) : (4.4:0.8)-10¢ PDG (B5<T _ <90 MeV)
Interference (INT) : not yet measured

\ All measurements have been performed with INT set to zero! /
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/Wha'r's new in this measurement \

T (IB)

Both K* and K- (can check the CP)
Very high statistics (124K events part of ‘03 only) °
Enlarged T region (0<T" <80 MeV)
Negligible background< 1% of the DE component

More bins in the fit to enhance sensitivity fo INT
Order 7o y mistagging for IB, DE and INT

00

Kr¥Hrn'n

T

KE—n*nly

103

10°

0.4 042 044 0.46 0.48

052 0.54

007

006 =
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0

003

002
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/DE and INT measurement \

Fit performed with free INT term %n
Use extended ML for 0.2<W<0.9 range Brd

Fit the W data spectrum using MC shapes: ;
Wior=(1-0-B)Wrg+aWpe+BWiyr o |

Systematic dominated by Trigger efficiency. -om |
First evidence of non zero INT term! '
Parameters are highly correlated p=-0.92

005 |

||||||||||||||||||||||||||||||

002 0025 003 0035 004 0045 005

Preliminary 2003 Frac DE

Frac(DE)o.r+rs0 mev =(3.35+0.35,,,2£0.25, )%
Frac(INT)o. r+:.80 mev =(-2.67+0.81,,+0.73_ ;)%

(004 data set: x4 # events and lower systematic due to trigger /
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/Fir's'r observation of K*—n*e*ey

™

60

Never observed before

MC K'—rtnere

B MCK'—r'e'e’

— + Daa
 MC K —rtnng)
. VC K'—r'nfy

40

Quite similar to the decay K*->m*yy
Naive estimation of the BR:

Entries*c¥5MeV

BR(K:—nte*e y)=BR(K*->n*yy)- 20 ~ 1.6-10-8 20
Theoretical expectation (Gabbiani 99): 0y =S B_}- 'y
BR(Kt—n‘cte*e’y):(O 9-1. 6) -10-8 Invariant n*e*e’y mass [GeV/c]

Event sample:
92 candidates events with
1+1 accidental background
5.1+1.7 physical background
Normalization channel:
K*->m*n0: 14M events

Entries*c¥5MeV

0.4 0.5

Pr'el iminal“y 2003 + 2004 ° Invariant n*e*e’y mass [GeWc2]

06

\ | BR(K>mee7)=(1.2720.1444,20.05,,) 10°8

/
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/Semilep'ronic decays: K*,;, K* 3 \

Each BR is needed for the global fit to V in I
the CKM matrix 0245 -

t

K-

¢

NA48 K* /K"

#events K-

K.3 31000 |

K. 28000

K,.. 256000

Ratios of the decay amplitudes:

JM(rn’)

0.165 -

rK,

K-

?

NA48 K* /K™

¢

0.16

Br(K,,)/Br(K, )=0.2496 + 0.0009,,., + 0.0004

syst

syst PDG 2006

+ 0
Br(K 3)/Br'(l(z,t) 0.1637 =+ 0.0006,,, + 0.0003
Br(Ku3)/Br'(l<e3) =0.656 + 0.003.,. <+ 0.001

Using as normalization BR(K*—n*n') =(20.92+0.12)% PDG '06:

SYST 0.135 |

Ks) = (3.425 £ 0.013,, + 0.006,, + 0.020, )%

stat = syst = nor'm)

Q(Ka) = (5.221 £ 0.019,,, + 0.008, , + 0.030,,.,)%
Br(

/
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/Extr'ac’rion of Vg N

384°T(K
f+(0)=\/ IBIrl(Ry,)
GFmKSEW]K(l +0g)

Evaluate |V |7 (0) for both modes:

Vas

K.t [V,|£(0) = 0.2204 + 0.0012
K.t [V|£.(0) = 0.2177 + 0.0013

Combine the two results, assuming lepton universality and using 7.(0) from
neutral K we get: -
0.223 i"‘

V.| £(0) = 0.2197 + 0.0012 o
V.| = 0.2289 + 0.0023 ] |

0.22 T

0.219 |
©
0.218

0.217 Unitarity + Leutwyler—Roos

\ 0216 F : : : ! J
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/SUSY LFV mechanism K, ,/K , \

e CRSHUR

; SR
W H+
B O > = a<
K m v

\Y

RLFV _ > K —evi Tsy(K—eve)+T(K— ev:)
e, > K — pvp Fsm(K — pvy)

y =€, ;T

If tanp=40 and M_.=500 GeV with |A3!|2= 5-10-4

mj m; 31(2 4. .6 ! 2
e— T _ _
H=*

mz
€ A. Masiero: CERN TH seminar

The effect can be as high as 2% and therefore measurable
QR D74 (2006) 011701 (A. Masiero et al.) /
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" NA48/2 K, /K., in 2003 R

Selected events:

5329 Ke2 candidates (~14% BG mainly from Ku?2) E o FOGAveIRge: 245 0.1
619179 Ku2 (with negligible background) g . [Ty
Main background source high energy muon o [newrzers |
Bremsstrhalung in the LKr calorimeter £ ol

Analysis of 2004 data in ongoing ... )3

CLARK-72 |

i | EEPRET I NI R N
2.8 3 32 34

Preliminary 2003 ke il
RKZ(2.416i0.0435mT10.0245y5)°10’5 2% tot err
Dedicated 2007 run:

- Statistical error <0.7%
- Direct measurement of muon Bremsstrahlung spectrum in data

Qinal result total error <1% /
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Test of lepton universality

/Kezll(uz measurement physics N
/

. \%\%
V-A couplings D .
Within SM K \ y
2
(K —>ev(y) m | m,—m
R, = = < | (1+0R g4 : .

K T(K — uv(y)) mﬁ m}g{ — mi ( K) 23:_ PDG-05 average: 2.45 £ 0.11

] 3— |HEINTZE-76
2.5 ;£O4 events Phys. Lett. 60B (1976), 302

Theoretical prediction for . _—
R =R(0)(1+3Ry)=(2.472+0.001)- 103 :s534 events iy Lo B 79 527

E CLARK-72
0.5 _}12 events Phys. Rev. Lett 29 (1972). 1274
PDG average: R.=(2.45+0.11)-10-5 I DR R

@oer‘imen’ral error 100 times bigger wrt theoretical J
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NA48 and NA48/1
Neutral Kaons and Hyperons

/
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/ Physics interest K ; form facfor's\

Physics interest:

curvature of fo from K s

Data set used:

density

. dN?(EF,Er
p(E; Er) = -

Dedicated NA48 run in 99: ~2.3x10°¢ K ; candidates

Form factors extracted by studying the Dalitz plot

dE* dE*

Ki; decays provide cleanest way to extract |V | in CKM matrix
f.(0) in |V I|f.(0O) can be experimentally constrained from the slope and

form factors needed to calculate phase space integrals
(needed for |V | extraction)

2 026
=

~ 0.24 -

0.22

=

A8

0.16

0.14

0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24

x Af3(t)+ Bf (t)f-(t) + CF(t)

K frolt) = f+(0) |1+ '}“I+,G t/ms + % Al,n (t/m3)?| .

x10 ?

1§ 1200

i
| [ 1000

1 | 800

0.2 [

600

1 400

= H 200

En (Gel)

%
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/For'm factors fit results \

Vector form factor slopes: - A A
A, =(205+2.2,, 24, 103 260 o :
A", = (2.6 £ 0.9, + 1.0,)-10-3 5|

o : ﬁ: TeV K, .

Scalar form factor slope: RS M ::{m K, :

7»0 = (95 b < l'lsta'r * O°85ys1'). 10-3 ] : 'R_-\.+[{'3
. . . 2y r_:E K

Using linear fits: 1} &
A+ = (26.7 b x 0.651.01. b % O.SSYS,r)' 10-3 0k _\'_443171;:[1; L
(well compatible with the recent KTeV 1o end
measurement) T S
M= (117 £0.7,,+1.0,,) 103 212714 16 18 20 22 24 26 28 30 32
(shifted towards lower values) v, 310

\_ %
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/ = —>Ale*e- measurement

systematics dominated by acceptance,

-

From 2002 (K, high intensity) data set NA48/1 Beam line
412 candidates e
15 events background | Tl I
Branching ratio of Z°—A%%*e-: Pf_ﬂ*:"mml f | I_.e g I
(7.7+0.5,,, 0.4, )10 | | | |

~114m

-

polarization and signal modeling

[S]
||||M

Decay asymmetry measured (preliminary):
aza,(Aee) = -0.8 £+ 0.2
consistent with E—Ay

Events/MeV/c®

o

csssssensscsndenesls

w/dcos@A = No(1 — azapcos0,) -

1.3

1.31 1.32 1.33 134
M [GEV/C]
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/Conclusion \

o NA48/2 recent results in charged Kaon decays
o Final result in Dalitz plot asymmetry in K5 . and K5,
o First evidence of non O INT term in K*—m*nly
o First measurement of K*—n*e+e-y
o Measurement of semileptonic decay rates and V,
o Lepton universality in R =K,,/K

o NA48/1 hyperons

o First measurement of the =°—Ae'e and decay asymmetry

o NA48 results in K decays

o K ;3 form factors

Qd more to come in Moriond QCD: a,-a, in cusp & K*,,, Dalitz plot slope/s
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Backup slides

/
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/Measur'emen'r Strategy \

Integrated over v, A, can be extracted from a fit to the ratio
R(u) using the PDG va?ue for g:

Ag=g-g«l
N'(u_ 1+gru+thu+. ] [1 Ag-u

R(u) = N "T+gu+hu?+. "T+gu+hu?

] -> A, =Ag/2g

> Quadruple ratio: global time instabilities + local beam line biases
and left-right detector asymmetry cancellation

R =R, x R; x Rys x Ryy m=> f,(u) = n*-(1+ Ag-u)*

The method is independent of K*/K~ flux ratio and relative
sizes of the samples (important: simultaneous beams) /
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