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OUTLINE

»NA48: the CP violation experiment

» History

» Apparatus

»Na48: the CP violation parameter [n=|
»Na48/2: direct CP violation in K*=> 31 decays

» Conclusions
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OVERVIEW

199? E.E rumn I{L+ I{s

NA48 (1997-2001)

*Direct CP violation in neutral kaon decays.

1998 E.E i H-L"' I{S

Re(g’/e)=(14.7+2.2)x104 K
1999 tH.-t ::{m H?.
"Measurement of CP violation parameter |n+—| L Int
New result! (presented) 2000 K, only 'fnsie':;?;
NO Spectrometer
NA48/1 (2002) - =
2001  ©/€mn High
=Rare Ky decays. Ko+ Kg |n£:.

BR(K(>7°e*e)=(5.8"23 , ;4+0.8)x10~
BR(K(>7°uu)=(2.81_ ,40.2)x10

2002 Kg High Intensity

NA48/2 (2002) 2003 K+ High Intensity
= Search for direct CP violation in K*> 37w decays
Final result (presented) 2004 K* High Intensity
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The NA48 Detector

Main detector components:
“* Magnetic spectrometer (4 DCHs):

4 views: redundancy = efficiency
o(p)/p 1.0% + 0.044% p [GeV/c]

Trasversal resolution of decay point = 2m

* Hodoscope:

fast trigger and
precise time measurement (150ps)

“* Liquid Krypton e.m. calorimeter:
High granularity, quasi—homogeneous

o(E)/E = 3.2%/NE + 9%/E + 0.42% [GeV]

* Hadron calorimeter, photon vetos,

Mucn veto sytem
Hadmn ca kerimeter
Liquid kry pton 2alkorimeater

Hodoseope

Drift chamber 4
Anti counter 7

Healium tank
Drifteha mber 2
Magnet

Dirift ¢ha mbar 2
Anticounter &

Orift chambar 1

Kewlar window

muon veto counters

NIM A 574 (2007) 433-471
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CP violation parameter 1+ —
NA48
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CP violation parameter n+ —

T'he parameter 1+ - pmm=p> fundamental observable of CP violation defined
as the ratio of K; to K¢ CPV decay amplitudes

related to indirect and direct
CPV parameters e\ AK, - z*77)
= +—=
n+—=¢c+¢&' { AK; > 7777)
Method:
=Measure the ratio of the decay rates —) (K, _)7i i )
(K, —>7z7ev)
(K, >7'77)

«Compute === BR(K, > 7 BR(K, — 7'e*)

(K, > 77e'v)

(K, =>7z7) [ BRIK > 77 ) 7y
'Ky > 7n'77) BR(Ks > 7777) 7,

"Extract == \77+—\ :\/
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CP violation parameter n+ —

BR(K, > 7"7") i
\ BR(K, > 7'77) 1,

1.

e External input: best single measurements

- K lifetime: 1, = (0.89598+0.00070)x1071% s (NA48 02);

- K_lifetime: 7, = (5.084+0.023)x108 s (KLOE '06);

- BR(K,—»mev) = 0.4022+0.0031 (NA48 '04 + improved K, —3r°: KTeV, KLOE);
- BR(K¢—>ntn™) = 0.69196+0.00051 (KLOE ‘06).

September 17, 2007 M.Valdata/Yalta 2007 7



NA48 beam line for pure K, beam

v'Special run (2 days in 1999) with pure K, beam at low intensity.

v"Minimum bias trigger ta select only events with 2 charged tracks

~ 80 million events recorded Decay region
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entries / 0.002 GeV/c?

I'r./T'kes €Vent selection

 CP violating process, suppress main * Select K ; decays via the ratio E/p (energy
channels by 4-5 order of magnitude in electromagnetic calorimeter over track
* Small background ~0.5% momentum). 2 E/p ~ 1 for electrons.
* Data well described by MC * Small background ~ 0.5%
— Events selected ~ 47000 — ¥10° Events selected ~ 5 million
10° = Data, selected K2r = 1
g K2r MC 2 1500~ §
3 = !
10 & Kud MC = - electrons _ !
- Ke3 MC © T
10" {f | MCsum 1000~ |
0 - " b i pions
10 E 4 TG
3 L 500{ / \
1| H ' ‘
. i =) I | P (PRI B A SRR A | B R . W I — L o
0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 % 0.2 0.4 0.6 0.8 1 12
invariant T*n- mass [GeV/CZ] E/p: energy deposited in Lkr / track momentum
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Results (Published in Phys.Lett. B645:26-35,2007)

The directly measured value:

R = BR(K,—>n*n") / BR(K,—>nev) = (4.835 + 00224, + 0.016,,) x 1073

Corrections and uncertainties on R

Uncertainty source | Correction | Uncertainty
. . Particle ID +1.34% 0.05%
Branching fraction: : -
= ; K, background —0.49% 0.03%
+—\ — —
—> Includes the n*ny (IB) component; Trigger —1.29% 0.11%
—> Direct emission (CP conserving) Energy spectrum 0.20%
component was subtracted. Radiative 0.10%
corrections
. . MC statistics 0.10%
P violation parameter: '
The CP vio ONL D cLe Totally +0.04% 0.33%
BR(K—>n*tn™)  1ks '
= . = + ) X -3
.| = el B < (2.223+0.012) x10
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Comparison of results
BR(Kp — wtrm™)

PDG 2004
2.090 + 0.025 = d
KTeV 2004 (incl. IB, DE negligible)
—e— 1.975 + 0.012
NA48 (incl. 1B, no DE)
— 1.941 + 0.019
NA48 (incl. IB and adding DE)
— 1.969 + 0.019
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
1.9 2 2.1 2.2

BR(K, — n*n) [107]

For comparison it is important to point out the treatment of radiative
decays (IB +DE).
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Comparison of results

PDG 2004 PDG 2004
5.37+0.10 +—¢— 2.288+ 0.014 —¢—
KTeV 2004 KTeV 2004
&4 4.856 + 0.029 —e— 2228+ 0.010
NA48 NA48
&4 4.835+ 0.027 —e—  2223+0.012
] | ] ] ] | ] ] ] | ] | | L | ] 1 ] ] ] ] ] | |
4.8 5 5.2 5.4 . 2.2 2.25 2.3 ,
'K, /TK_[107] In+-| [10 7]

— Good agreement with KTEV and KLOE
— Experiments contradict PDG 2004
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CP violation in K= = 3w decays
NA48
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CP- violating asymmetry in K*23n

Why look for direct CP violation in K*> 31 decays ?
(only direct CPV in K* possible — no mixing)

» Potentially large statistics.
(BR (K*— m*n*n~ )= 5.57%; BR (K*— 1’1’ )= 1.73%
» Simple selection

» Low background
Method:

No absolute kaon flux measurement

- Compare only Dalitz plot shapes between K*/K-
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Dalitz variables

7t1even

K= T30dd

71:2even

Kinematics:

Sy = (S;+S,+55)/3;

U = (S5-Sp)/m,2;
V = (S,-S;)/m, 2.

~

Matrix element:

IM(u,v)|? ~1 + gu + hu? + kv?

With [h], |k| <<|g|

Kaon rest frame:

)i
U= ZmK'(mK/3_ )/mnz;

September 17, 2007
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Direct CP violation observable A,

A,

g,+9. 29

_ g+ o g— . Ag g. — K" decays

g — K- decays

1. Measure Ag
2. Use known value of g

3. Compute A,

Direct CP violation

Kr—mn'n g=(-21.134 £0.017)%
h=(1.848 +0.040)%

k=(-0.463 +0.014)%
Phys. Lett. B649 (2007) 349-358

Na48/2 Results for Slopes

- agreement with PDG
- factor 10 smaller uncertainties

- first evidence of h#0

KE—nin'n g=(62.6£0.7)%

PDG value
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Theory & Experiments

Experimental precisions before NA48/2: E. Gdmiz et al., JHEP 10 (2003) 42
_[8A,~107, dominated by systematics]

SM estimate (NLO ChPT):
: Smlth et al. (1975) “neutral” c_ 'y
_A02E b etal. (1970) A}f n_:((_ll 14 fol '72));11(;) 55’
<m B Y -'- -~ HyperCP prelim. (2000) g S :

— INF (2005) “neutral”

s 11 i Nags2
: i Y proposal

“charged”l- |

G. D'Ambrosio et al., PLB480 (2000) 164

Models beyond the SM predict
“neutral” substantial enhancement partially

10+ = “charged” Y S/ within the reach of NA48/2.
i SUSY

10-° o
= SM New Asymmetry of integrated
- physics decay widths 1s strongly
B suppressed.

10-6 D

September 17, 2007 M.Valdata/Yalta 2007 17



Goal and method

> Primary Na48/2 goal

Measure slope asymmetries in charged and
neutral modes with high accuracy (few 10-4).

> Central idea

To measure a tiny asymmetry one must garantee
perfect charge symmetrization in the experimental
setup and eliminate the remaining acceptance
differences by a smart analysis tecnique.

September 17, 2007 M.Valdata/Yalta 2007
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Goal and method

Experimental realization

—Two simultaneous K* and K~ beams, superimposed in space, with narrow
momentum spectra.

— Equalise averaged K* and K~ acceptances by frequently alternating the
polarities of the relevant magnets.

Event selection

— Require simplicity and charge symmetry
— In K= 2 *n" 1" selection used only spectrometer information
— In neutral mode mainly information from charge blind LKr detector

Extraction of Ag

— Take the u projection of the Dalitz plot to extract information about A,
— Compare the u spectra of K™ and K~ decays
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The K/K- simultaneous beam setup

+ II.'I‘ h'q.l |
BN ' [Momentum Beam Beams coincide
-~ A—| | selection spectrometer within ~1mm
P specia, | LB
(60-3) Gevic Final g ghﬂg s
A Quadrupol collimator DCH1 pepa = X &
54 &1 66 Defining |
—— HER—y Cleaning ‘
I collimator
-7 x 1011 J 'K +¥ CgaBEs) Decay volu we
protons'spill L ' — . !
: | KABES 3 g
Target u Pt i
. .
‘ ‘ K_I i KABES 2 |
2-3x10
kaons/spill
First Achromat  Second Achromat - Vacuum _ _Hetanks 10 cm
1emf | L I“"k izt (O ETTILY
0 50 100" 200 250 m
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N
[

Selected events properties

events selected

0.47 0.48  0.49 0.5 051  0.52
M(3r), GeV/c?

= |v|
al N
Coaa b by

|_\

o
gl
R SRR

1
=

| Charged ‘ 1 ‘ 3m invariant mass | |

| Mode f I —z0d.

: c F

! g | Neutral—

I .09/ Mode n—u decay

: contribution
n—u decay -

- 311x10° contribution

/o

046 047 048 0.49 0.5 0.51 0.52

M(3r), GeV/c?

Dalitz plots
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Method to extract Ag

» Make u projection of the Dalitz plot for K™ and K-: N*(u), N-(u)
» Compute R(u), the ratio of the above distributions

» Fit R(u) with afunction to extract Ag
(This holds only if the acceptance for K+ and K- is the same)

500

Y s00F

N“W . Ag-u
N~ (u) 1+ gu+hu’

~ 300F

R(U) =

1 200F

100f

@ But: there are experimental asymmetries that do not cancel in the simple
ratio R(u)! (mainly due to the presence of magnetic fields)

To cancel the charge asymmetry in the detector and beam optics
=»Beam line (achromat) polarity (A) is reversed on weekly basis
=>» Spectrometer magnet polarity (B) is reversed on few hours basis
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The 4 ratios

Define 4 u-ratios R, (u) with the 4 possible combinations of magnetic field polarities.

R — NMA:BiK:) y Spec;{;)lg‘eter
US — N(A+B—K-)
Beam line: K* Up
R — N(A+B-K+)
ud N(A+B+K-)
R _ N(A-B+K+)
DS — N(A-B—K-)
R — N(A-B-K+) Beam line: K* Down |
DJ — N(A-B+K-) Inde)fes correspond to: beamhqe Pola.rlty (U/D)
left/right direction of kaon deviation in spectrometer (S/J)

K samples in numerator and denominator illuminate the same parts of
the detector

Detector left/right asymmetry cancels in the 4 ratios of K/K-
distributions defined above
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Quadruple ratio

¢ Use a quadruple ratio :
Ry = RysRyRpsRpyy~ 1+4-Ag-u

= Cancellation of global time instabilities + local beamline biases
= Cancellation of left-right detector asymmetries

= Cancellation of effect of permanent stray fields (

¢ Extract Ag fitting the quadruple ratio with a function
4

Agu

f(uy=n-{1+
) 1+ gu+hu”

¢ Advantages :

= Result sensitive only to time variation of asymmetries in short time intervals
= The method is independent of K*/K- flux ratio
= The analysis does not rely on a detailed MC to calculate acceptances.
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Quadruple ratios in bins of u

1 not 25 76 1 28
Em'ﬁ% n 10.38 £ 0.00
kg E it & 6lde-05 = 7. 21805
© 40.5 =
Charged mode 10 A e
- _ = T |
(K — m¥mta) 10.35+
10.2E 1
45 41 05 0 05 1, 15
i X ot JE.65 128
EW'TE n 10,412 0.1
~10.8E | A 0.0002225 = 0.0002073
10.5F JrJrJlr'“'
Neutral mode 1041 il
I:Ifi . ’.'Ti“.'T"-'“.'T']:I '1|:I.3; T
10.2FF
10.1E -

45 4 05 0 05 1, 15
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Final Results

Dat Data taking: 2003 + 2004
e ————>| Effective days: ~50 + ~60
samples Amount of data recorded: ~ 16 - 10° triggers ~200 TB

Charged mode (3.11 x 10? selected K*—p*p* p’)

+ (0.9

stat

A,=(-1.5+15 + 1.1, ) x 104=(-1.5£2.1) x 10+

trig

Neutral mode (9.13 x 107 selected K*—p* p’ pV)
A,=(1.8+1.7,,+09,,)x10*=(1.8+1.8)x 10

v'Charged and neutral results are consistent
v'Statistical error dominates in both cases

v'10 times more precise than previous experiments
v'Design goal reached

v'Results compatible with SM predictions

stat

No evidence for direct CP violation at the order of 104
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Spare
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I'r./T'kes €Vent selection

Basic two track selection :

1. Two tracks with opposite charge

2. CDA<3cm

3. Vertex longitudinally between 8 m and 33 m from the finel collimator
4

15 GeV/c < py. < 100 GeV/e

' selection :

1. M., compatible with the K mass
2. p’x <3x10* GeV/c?

3. E/p<0.93

mtev selection :
1. E/p>0.93 - clectron
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['(K=22n)/T'(Ke3) systematics

Correction [%] Uncertainty [%]
E /pcut +1.34 0.05
Background in Kax — (.49 0.03
Muon cut + 0.4 0.18
Trigger efficiencies —1.29 0.11
Energy spectrum - 0.20
Radiative corrections - 0.10
MO statistics - 0.10
Total correction + 0.04 0.33
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Radiative corrections in Ke3
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Kifonir*

asymmetry :stability

Slope difference > 104
= [=-] ﬁ

=

=

4

: jg ﬁg!d jlgl.!l:l

- _| |

T SR I[P

- ! _ L . I

L |y3ndi= 978 J T

[ | A T I A A I I | I 1 1 1 1

T 12 3456768012 34567 850 3456 7 8
Supersample

B Agextracted from quadruple ratic as function of supersamples 0-8

B Agopand Agprp extracted from correspending double ratios in which not all
asymmefries cancel intrinsically

& Rzyiu)

& Rpypiu) =

= FRa(u) /R (u) effects by global time-dependent detector variations

Ryriw) /Rpiu): effects by differences of the two beam paths

— Qur detector is really symmetric |
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K-> ntnOn® asymmetry :stability

*x1
u:..'l
=
]

=
L
|
|

Skepe difference
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i
|
—
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I
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e
| o
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i
-
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|

|

N +ndf = 1.5/6 - MC

20 111 1 1 ]
i 1l ||| I'i.l|' 'd' 'EI'I (il | | ||| I'ILT 'il' 'i"l 'U'II U L Ig' vV 'l.l'll
upersample

SAg extracted from quadruple ratic as function of supersamples -V

L

Agsrand A g p extracted from corresponding double ratios in which not all
asymmetries cancel infringically

& Rajyiu)= Rg(u)/Hylu): effects by global time-dependent detector variations
# Rypiu)= Ryiu)/Rpiu): effects by differences of the two beam paths

= Qur detector is really symmetric |
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Kionin*n~ asymmetry : systematics

syatematic effect Comection, uncertainty 4(Ag®) = 1o
spectrometer mizalignment + 0.1

spectrometer magnetic fisld + 0.3

B=am geometry and stray magnetic fields + 0.2

File-up + 0.2

Fesolution and fitting + 0.2

Total purely systematic uncertainty + 0.5

L1 trigger inefficiency + 0.3

L2 trigger inefficiency —0.1 £ 0.3
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K> nin%n® asymmetry : systematics

Systematic effect Uncertainty did g™ ) = 104
Overlap of LEr showers + 0.5
LKEr resolution + 0.1
LKr non-linearity + 0.1
Fhoton pairing in reconstruction + 0.1
L1 HOD frigger inefficiency + (0.1
L1 LKEr trigger inefficiency + 0.1
L2 trigger inefficiency + 0.3
Stray magnetic fields + 0.1
File-up + 0.2
Total systematic uncertainty + (0.7
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