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NA48

Main goal: Search for direct CPV:
Measurement of €’/¢

Beams: K, + K beam

NA48/2

Main goal: Search for direct CPV:
Charge asymmetry measurement

Beams: K*+ K- beam

NA62 / Phase 2

Main goal: Search for new physics:
Measurement_of the BR(K* 2 m* vv)

Beams: K* beam

NA48/1

| Main goal: Rare K, and
hyperon decays

Beams: Ks beam

NA62 / Phase 1

Main goal: Lepton universality
tests : Ry measurement

Beams: K* + K- beam




NA62 Phase Il:

Measurement of the ultra-rare BR(K*—2>m*vv)
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*Ultra-rare FCNC processes,

proceed via penguin and loop diagrams only.
*BR calculable with excellent precision

e Uncertainties mainly come from

charm contributions.

NA62 Goal:

10% precision measurement of BR(K*=2>m*vv)

~ 100 events in 2 years

* Background:

/

s all K+ decay modes

¢ accidental charged particles: beam particle
interactions

NAG2

selected models BR(K*->mt*vv)
Theory:

SM, J.Brod, 0.85+0.07
M.Gorban,PRD78 arxiv :

0805:4119

MFV (hep-ph/0310208) 1.91
EEWP (NPB697 (2004) 133, | 0.75+0.21
hep-ph/0402112)

EDSQ (PRD70 (2004) Upto 1.5
093003, hep-ph/0407021)
MSSM(NPB713 (2005) 103, Upto 4.0

hep-ph/0408142)

Experiment:

AGS —E787/E949: PRL101,
arXiv:0808.2459 (7 events)

1.73* 1.15 G
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INFN NAG62: Detectors

LAV:

Large Angle Photon Veto

Vacuum Tank

CHANTI \
Charged ‘L

Ta rgEt Particle
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NAG2

SAV
Small Angle g Veto

CHOD
Charged
Hodoscope
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Beam P|pe Measure Kaon: \ | RICH
*Time
*Angles | Straw Tt Identification
Kaon identification *Momentum Decay Region 65m Tracker
In CEDAR

Total Length 270m

Courtesy: Ferdinand Hahn Veto — photons and muons



P : beam spectrometer Gigatracker

P_:straw chambers spectrometer
lnzmiss=(l)K_Pn)2
92% K* decays 8% K* decays
£ 2
> '
> >
: 3
8 fontntn = V Koty
< 5
<
K= &'y
-('J.15I — I-()|.1I — I-('1.105I — 0 I0.1 I l0.|15 -0_15' = ‘.01,1 — '.()_()5I — -_. 0.15
m2,. .. GeV¥c? m2,.. GeV?c*
Constrained by kinematics Not constrained by kinematics

Background due to 1) resolution and 2) non constrained modes.




e NAG2

* Precise timing needed to match K and it

00

% Possible mismatching weakens the kinematics rejection power

* Challenge — identify the kaons and associate
them to the decay at “800 MHz beam rate
environment s

Cedar
rate ~50 MHz)

Gigatracker
(rate ~80O0 NMHz)

4
&

* Time resolution
“*0, = 100 ps both for Kand it




- IIIIEZQJ

C Sy

e Photon vetoes

/

% Further suppression of K->mur, decays

* Geometrical coverage
** 0-50 mrad (LKr, IRC, SAC, LAV)

e Essential

“* p,.<35GeV, 40 GeV 1, is almost impossible
to miss in the calorimeters

=>In total, 2 - 3.5 X 108 i, rejection inefficiency
Muon veto:

/

s+ Designed to reject K+ p+v together with the kinematic rejection and particle ID.
s 0O(10~)muon rejection inefficiency



INFN

|dentify K+ decays

+** RICH for ntu separation
+* LKr and RICH for e+ identification

ldentify accidentals
+»* CEDAR for K+ identification

Performances and constraints
(RICH)

L)

4

* T separation up to 35 GeV/c ~107
» Minimum pion momentum 15 GeV/c
(Cerenkov threshold).

Redundancy

¢ Kinematic rejection,

L)

<

L)

L)

J

*%* muon rejection,
** Positron, gamma rejection.

_RICH prototype: 2009 test beam

EEEEEEE

£ pxXmat
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MuRingRadius35.0
2406864
Mean 1855
RMS 3326
Underflow 0
0
Integral 2407e+06
. /mu
10—
= h
I B | | L
] 50 100

Rinngadzimus (?nm}




. R— NAG2

C
3 Decay Mode Events
E Signal: K*7*vV [ flux = 4.8x10" decaylyear] 55 evtlyear
2.5—_ ...............................................................................................................................
REGION | ' K=o [n,,=2x10°(3.5x10%) | 4.3% (1.5%)
21— SR ; , A -
N REGION I K*—pv 2.2%
1.5.:_ r‘t—hﬁ ................................... K+_)e+n+nw S3(7(
I~ '\"IF‘-
NN I o SRR N NSRS SRR S S Other 3 - track decays <1.5%
L T
. M K'onny 2%
0-5:—_ ....... N SN—
B Kr=pvy ~0.7%
05" 0.05 0.04 0.06 0.08 0.4 042 044 Kol wv,ofhers negligible
m2,__ (GeV?)/c
Expected background <13.5% (£17%)

15 <p. < 35 GeV/c
Fiducial decay region: 60 m
Acceptance: 3.5% (Region 1), 10.9% (Region Il): 14.4% (I+1l)

NA62 optimized for BR(K->mvv) measurement but broader physics programme
has already been discussed at the NA62 Physics Handbook Workshop, Dec 2009
http://indico.cern.ch/ conferenceDisplay.py?confld=65927




NA48/2:
The rare decays K* 2 rtl*l-
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ff by Simultaneous K* and K- beams:
rfr( P, spectr "H\H\ large charge symmetrization of experimental eDetectors
fr’ 60+3 GeV/c ™ . conditions
./ \ N ; 3:2 9 é
S I B W I Final magne =
54 60 66 FDFD collimator pca1 § bcaa® - d
Defining Protecting
collimators collimator Cleaning
l collimator
HH KABES Decay volume
K+ - [_ p !
K 1} KABES 3 5 o
! —’O%‘ f l;/; { : .
setarget L) foo) | T & B 1 —— veam poe_ BV
- 17\ 036 / XX : 1 z 7
/ & t  focusing beams ! | <
2K & i f
~7*10" ppp, & KABES 2 E
400 GeV i I :E
proton K-t Second
beam from achromat
SPS - 4 DEDF ¢ Cleaning
rcr)]nt-ent e Beam spectrometer
acnroms (resolution 0.7%)
* Momentum .
¢ Focusing
vacuum He tank

selection
lcml_

. — pe——————

® U sweeping tank + spectrometer
| - ‘
50 100~

" 200 250 m
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» Magnetic spectrometer (4 DCHs): The NA48 Detector

e 4views : redundancy = high efficiency;

[ Ap/p = 10%@0044%*p [GEV/C] LL-veto counters ?
>» Hodoscope .

o fast trigger; Liguid krypron

e precise time measurement
(o, =150 ps) .

Hodoscope —

>» Liquid Krypton EM calorimeter (LKr)
e Quasi-homogeneous ionization chamber

e 27 electromagnetic radiation lengths long
active volume

Segmented transversally 13248 cells, 2x2 cm2
Energy resolution (E in GeV):

10m

o(E) _ 0.032 99 & 0.0040
E JE E




e NAG2

o ) ) e suppressed FCNC processes
Al ee/dz ™ p(2)- [ W(z)] e one-photon exchange

2=(Mee/My)?, p(2) phase space factor | o\ sefy| test for ChPT

TR Ge T Ve R
ST
(1) polynomial:  W(z) = GiM,2-f,-(1+0z) Wi
(2) ChPT O(p®): W(z) = GiM*(a,,b,,z) + W™ (z) T

(3) ChPT, large-Nc QCD: W(z) = W(w, [3, z)
(4) Mesonic ChPT: W(z) = W(M,, M, z)

(2) D’Ambrosio et al. JHEP 8 (1998) 4
(3) S. Friot et al. PLB 595 (2004) 301
(4) Dubnickova et al. hep-ph/0611175

(f5,0) or (a,,b,) or (w, B) or (M,,M ) determine a model-dependent BR

e Parameters of models and BR in full kinematical range
e Model-independent BR (z > 0.08) in visible kinematical range



e ) il 2 alization sz IMEZQ

Selections of both channels based on very similar conditions: systematics (trigger, PID)
in the BR ratio cancel particially

@Mee > 140 MeV - cut for bg suppression @Aditional y in the normalisation channel
o O 2 L
7001 §106 N S S— S N T ——
o W RN S
600 Signal ..................................................................................................................................... | l l
E i 1 05 E_ ........................................... ...................... ‘s LY. ...............................................
500 e B e e I B e B E : : 5
wol | b T T e L O —
- cut cut :
300 __ g e e s 3
— l l Tl R ———
Perfect description A 2R . | T 2% T _— "
of the radiative tails: ‘ S P
Photos 2.0 S T — 10 K, o
: ‘ Il | | | | L1 | Il : : 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 L |
Q45 046 0.47 048 049 0.5 051 052 053 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0,56
M(x=e*e’), GeV/c? M(r=r3), GeV/c?
7253 candidates 12.12 M candidates
BG: 71 events estimated with BG/Signal ~ 0.15%
data BG/SIG. ~ 1.0% BG subtracted with MC

15
Kaon decay flux (2003+2004): ®,=1.70x10! with Flavianet’08 K* - nt*n® BR
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GOALS

@Model-independent BR integrating dl'/dz in the observable z region
®Model dependent BRs using fit parameters.
@AIl models agree reasonably well with data

o~ "10-2;4 -— Fit results
Leo@) ... 2 distribution is sensitive to the
% N form-factor
© and contains all the dynamical | 0=2.32 +0.18 .
) information: |f,] =0.531  0.016,,,
5 | dr/dz ~ p(z) x |[W(z)|?
a,=—-0.578 +0.016, . .
b, == 0.779 % 0.066,,, ,.
w = 0.057 = 0.007,,
I Y I =3.45 £0.30,,,,,
;Model (1) x2/ndf—22 719 P stat +syst
1ol Model (2): Zndf=32119 N
T Model (3): x2/ndf=27.719 T W\ M, = 0.974 + 0.035_ .. GeV
[ Model (4% X2/|ndf_|36 9/|1 9 M, = 0.716 + 0.014,,,, ., GeV

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
16 z




- O saisomwith previos NAG2

Model independent measurement

BR_.x107 (M_>140MeV/c?) = 2.28 + 0.03,,,, = 0.04

+0.06,,, = 2.28 = 0.08

syst

Combined result of the 4 models
BR = (3.11+0.04,,,,+0.05 ,+0.08,,.+ 0.07, ,.)x10~7 = (3.11£0.12)x10™’

CP violating asymmetry (first measurement! correlated K*/K~ uncertainties excluded):

A(K*,..) = (BR*-BR") / (BR*+BR") = (—Z.Zil.SStat:O.Gsyst)%
N
3 x2 I ndf 2.259/3
e 3-6f PO 3.001+ 0.08676
03 4f Measurement events | BRx107
- NA48/2 Bloch et al., PL 56 (1975) B201 (41) | 2.70:0.50
3: ‘9)’ ¢ Alliegro et al.[E777], PRL 68 (1992) 278 (500) | 2.75+0.26
) 8: _.8 T Appel et al. [E865], PRL 83 (1999) 4482 (10000) | 2.94:0.15
MRS It NA48/2 final (2009) (7253) | 3.1120.12
26rz2=
2.4l ‘ ‘ ‘ : @®Form factor measurements for Model 1, 2 and 3
- 7 92 99 08 in agreement with previous measurements
2.2¢ @®Model 4 — never tested before
23 i, @).Prades, e-Print: arXiv:0707.1789 [hep-ph], predicts (up to its sign)
1 2 3 4 a, = -(0.6*%6 ,.), inagreement with our result,

Measurement *fit done by the authors of Model 3 using BNL E865 data



»500 : A : :
Sisol | RN
woe D 17NN | B W
- . [ 4L N
s [
- B B O T —
”00 Aov P vl
=0 U7/ b b MCKy,

100 Al fe —

0.51 0.52
‘), GeV/c?

3120 reconstructed events
in the signal region:

4 times larger sample than
the existing world statistics!

NAG2

Same sign events

04 042 044 0.46 048 05 052 054
M(rup), GeV/c?

Good background control

B/(S+B) =( 3.3£0.5,,.,)%



CPV charge asymmetry:
A(KE2mup) = (1.14£2.3) x 1072

Forward-backward
asymmetry:

NAG2

N(cosbg, > 0) — N(cosbg, <0)

A =
re N(cosbr,; > 0)+ N(cosbk, <0)

where O, is the angle between the kaon (or pion) and
the opposite sigh muon in dimuon rest frame.

Acg = (=2.4+1.8) x 102

Linear
fo=0.470+0.039
6 =3.11+0.56
x2/ndf = 12.0/15

ChPT
a+=-—0.575+£0.038
b+=-0.813+0.142
x2/ndf = 14.8/15

ChPT + large-NcQCD
w = 0.064+0.014
B=3.77+0.61

x2/ndf = 13.7/15

“Meson” ChPT

Ma=1.014+0.090
Mp=0.725+£0.028
x2/ndf = 15.4/15




INFN
C
m background | BR%10°
Adler et al. [E787], PRL 79 (1997) 2204 11% 50+1.0
Ma et al. [E865], PRL 84 (2000) 2580 430 6.5% 9.22 +0.77
Park et al. [HyperCP], PRL 88 (2002) 111801 110 ~3% 98+1.1
NA48/2 (present analysis) 3120 3.3% 9.62 £0.23
BRx10"
1.1p
1
FNew WA I ° T >
0-9 NA48/2
0.8} ‘S7 ‘Q0 ‘02 ‘08
0.7}
- x2 7 ndf 0.2932 /2
0.6
B PO 0.9604 + 0.02161
0-5; ®

L1 1
Measurements



INFN
C
4.5- -
” 5 — b_|_
afF -0.6
3.5 -0.7
3 -0.81-
2.5 -0.9
2 -
- | fol = a
L L L I L 1 L I L L L I L L 1 I 1 L L I L L L l L 1 L I 1 L 1
1.8.30.420.440.460.48 0.5 0.520.54 0.56 -1o'66 -0.62 -0.58 0.54 0.5
5r 0.78¢ 5
- 3 ;_Mp/(GeV/c )
4.5 0.76F
a- 0.74fF
3.5 0.72F
3 0.7F
: W = Afa/(GeV/cz)
N EEEEE RN RN EREEE NN NI NN NN o PR ST TN T N T T ST N N S NN N1 1
20°04  0.05 0.06 007 0.08 o0.09 QB85 0.9 095 1  1.05 1.4 1.15 1.2

68% contours from K>mnee and K=>nup



NA62 Phase I:

Ry measurement




R in the Standard model:

| 2 2 _ 2\ 2
Re — ['(K* — e*v) _ g (mi-mg )\ (1 + jRizdoort)
P(K* - pfr)  m? \mf - m? K

z

=(2.477 £ 0.001)x10>
V. Cirigliano, I.Rosell JHEP 0710:005(2007)

*¢Hadronic uncertainties cancel in the ratio
s»*Helicity suppression (f~10-)
“*Radiative correction (few %) due to K*->e*vy (IB) process, by definition included into RK

Due to helicity suppression Ry sensitive to New Physics
In MSSM — H* mediated lepton flavor violating contribution with emission of v_.

4 2
m m -
RIKFV ~ R?(M [1 T (1\14K ) (M_;> |A13|2ta.116 ,H] S A13
THE ¢ t 05
+ H 77\~
A. Masiero, P. Paradisi and R. Petronzio, K S B
PRD74 (2006) 011701 and JHEP 0811 (2008) 042 Hggs) (Slepton) ol

N

~ -

Example: with |A;5|=5x107%, tanf3=40, M =500 GeV/c?, the enHancement (Sne\u{rim)
is experimentally accessible (1.3%)
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PDG'08 44— March'09 average
o Clark (1972)
Heard (1975
* PDG’08 average (1970s measurements): ¢ eard (1979)
Heintze (1976)
R=(2.45+0.11)x10~> (dR,/R,=4.5%) e NAd8 (2005)
= i o1 FOOR
* Recent improvement: KLOE (Frascati) KLOE (2’007)
— Data collected in 2001-2005 & preliminary (obsolete)
— 13.8K K_, candidates, 16% background —— KLOE (2009)
IlIlIllIlIIllﬁMllIIIlIIIIlIIIllIlII
R(=(2.493+0.031)x105 (R/R,=1.3%) 22 23 24 25 26 27 28,

[arXiv:0907:3594]

*Beam setup and detector of NA48/2

NA62 (phase I) goal: experiment slightly optimized for Ke2
dedicated data taking strategy, measurement

~150K K, candidates, <10% background, *K+ and K- beams with narrow momentum
OR,/R<0.5% as needed for stringent SM band (74 + 2 GeV/c)

test. *Nominal momentum kick of spectrometer
magnet doubled




R¢: Ke2 events and backgrounds ”‘EZQ
AT <%k gy
6000 — Data 2650 Independent ]
C | Kt x -
C 0 Kty (et ‘el measurements
| K*—e*vy (SD") | g 2.6y .
5000: Il Beam ;ZIO k] B In Iepton
- | K*—nlety B i
4000__ - K+—>n+n° %2.55 __ moment,um ,blns,
e - SN
- ® E
3000 R a 2.5
- | : | | | S
- =
2000 __ .................... ..... 2.45 B ; ; ; ;
N : _ |Uncertainties indicated:
1000 :_ ,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, , 24 :_ - statistical+K ,+halo
- | - | total
8_IILi4ll‘Llill i 2 _II|Iill|li|III|I|II|I|II||III||III||III|IIII|III|
-0.04 -0.03 -0.02 -0.01 0 001 002 0.03 004 335 20 25 30 35 40 45 50 55 60 65
M:iss(€), (GeV/c?) Track momentum, GeV/c

40% of data analyzed, Source

Record sample K, candidates :51089,

Estimated total Ke2 sample: ~¥120 k K,,+ and ~15k K_,-

candidates

8% background

_ KZJ‘: 0.03%

(0.23+0.01)%

(0.45+0.04)%

15.56M K+ = p+v candidates with very low background B/(S+B) = 0.25 %
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N R¢: Prellmlnary result

Uncertalntles

\ J PDG'08 #—1— June'09 average
Clark (1972)
®
Source OR,x10°
® Heard (1975)
Kuz : Heintze (1976)
Beam halo
KLOE (2009
eZY (SD+) : T final ree(mlt )
Electron ID o NA62 (2009)
IB simulation preliminary
Acceptance

Trigger timing

March 2009 2.467+0.024 0.97%
Today 2.498+0.014 0.56%

= (2.500 £ 0.012_,,, +0.011_) x 10°5
= (2.500 + 0.016) x 1075

The whole 2007 sample of NA62 experiment will allow
statistical uncertainty ~0.3% and total uncertainty of 0.4-0.5%.
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Precise measurement of K-> mntete

Precision comparable with world’s best;

BR and form factor measurements in agreement with ChPT and
other measurements;

First limit on CPV asymmetry.

Paper published in PLB

@ Precise measurement of K*f->m*u*p - preliminary results

@
@

@

Four times larger sample than the existing world statistics has been collected

Unprecedented precision achieved. Results in agreement with previous measurements and
with NA48/2 results.

Limit on CPV asymmetry and forward back asymmetry.

@ Precise measurement of R, — preliminary results

@
@

@

The NA62 2007 run has mcreased the world Ke2 sample by more than an order of
magnitude.

Data taking had been optimized for K, Preliminary result based on (~ 40 %) of the NA62 K,
ss:iwple R¢=(2.500 + 0.016) x 10~ W|t2h a record accuracy of 0.64 %, compatible with the

Withhfull data sample, overall uncertainty of 0.4 %, as declared in the proposal, is within
reach.

@ Precise measurement of BR(K=>mvv)

@
@

@

With 2 years of data taking NA62 will provide a 10% precision measurement of BR(K—>mvv)
Key points: excellent resolutions, hermetic coverage, reliable particle ID.
The high performance of the detectors allows further rich physics program.
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Model Parameter Statistical Background Muon ID  Pion [D  External
1) fol 0,036 0.014 0 0 0.002

) .52 0.20 0.01 0 0

2) 0y 0.034 0.017 0 0002 0002
b, 0.123 0070 0.005 0006  0.005

3) W 0.012 0.007 0 0.001 0
i 0.5 0.29 002 002 002

4)  M,/GeV 0,070 004 0002 0001  0.001
M/ GeV 0.023 0014 0001 0001  0.001

BR x 10° 0.20 0.04 004 008 007




/j
INFN

C

8000

7000

6000

5000

4000

3000

2000

1000

NAG2

—®— K*—e*v candidates
: : : : | —@— K'—=u*v
S s e Kty (u—e?) x25 |
. | —®— K'—e*vy (SD") x5
S S e e ... —@=— Beam halo x5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

.......................................................................................................................................................................

. = e TS N EE—— D e
T T — _— e - I T ——

20 25 30 35 40 45 50 55 60 65
Track momentum, GeV/c



INFN K n limit
RK exclusion IImits
L/

Exclusion limits at

95% CL derived
from the new Ry 2
world average S
80

95% CL Exclusion Limits
-3
0 a <110
B s <5107
-4
Bl s <1510

e bero b b i b

40

20

0 200 400 600 800 1000 My [GeV/c?]

R¢ measurements are currently in agreement with the

SM expectation at ~1.50. Any significant enhancement

with respect to the SM value would be an evidence of
new physics.



