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Direct CP violation

a.k.a. CP violation in decay amplitudes

%ﬂ Direct CP violation in K% &’/ (1999)
CP violation in B? decays with oscillations (2001)

Direct CP violation measured in B° (2004)

The most “straightforward” CP effect...

... hot the most fashionable for connecting to the
parameters of the underlying fundamental theory (e.g. SM)

Charged K: direct CP violation only
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CP violation in K 5 (why)

Kaons: a (relatively) simple system

Kf > prtv  x No intrinsic Al=1/2 amplitude
suppression (as for €’/g)

Kt —» 31T v 2w (€'/¢) @ @

But...
Hadronic uncertainties
3w (A,) @
Small rescattering phases
— Small in SM

Width asymmetries suppressed
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K. decays

BR(Kt—>n*rn*n-) = 5.57% BR(K*—>n*nn0) = 1.73%.

“charged” “neutral”
Kinematics: T3 LY
= (PP, i=1,2,3 (3=0dd 7
Sp = (S4+8,18;)/3 K

( Sp)/m 2= 2m (my/3-E* 44)/m,?
= (s, 1)/m 2 =2my(E*;—E*,)/m 2 T,

Matrix element:

Kf>nin*n~ g=-0.2154 + 0.0035
Kt—>ntno7® g=10.652 + 0.031
Ih], [k| <<g|

IM(u,v)|2 ~ 1 + gu + hu? + kv?
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CP violation in K5 (how)

%‘ Potentially large statistics
Simple selection

Low backgrounds

No absolute K flux
measurement: compare
only Dalitz plot shapes

Measured CP-violating
quantity:
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Kt asymmetries: status

, THEORY:
. Smith et al. (1975) (“neutral”) o
_10' = | T Ford et al. (1970) (“charged”) sr‘]M contribution: many
<°’ - - HyperCP prelim. (2000) (“charged”) theoretical computations
X [  TNF (20 0dia ) from several groups
10 (200 ") Large uncertainties

(~1 order of magnitude)
esp. for “neutral”

NA48/2

Some enhancements

104 possible beyond SM
105 © A= 107
Compatible with SM
- A,>110™

SUSY / New Physics

10-6
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The NA48/2 approach

\‘%‘ NA48/2 main goal:

— Measure linear slope asymmetries “charged” and
“neutral” modes with accuracies 0A < 2.2-10* and
0A,< 3.5-10" respectively

— Required statistics: >2-10° in “charged” mode
and >108in “neutral” mode

. NA48/2 method: maximal cancellations (robustness)
— Two simultaneous K* and K~ beams, superimposed
In space, with narrow momentum spectra

— Detect asymmetry only from slopes of ratios of
normalized u distributions

— Equalize averaged K* and K- acceptances by
frequently alternating polarities of relevant magnets
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The NA48 detector

Main detector components:

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

e Magnetic spectrometer (4 DCHs):
4 views: redundancy = efficiency
op/p = 1.0% + 0.044% p [GeV/(]

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank

Drift chamber 3

e Hodoscope
fast trigger
precise time measurement (150ps)

Magnet

Drift chamber 2
Anti counter 6

e Liquid Krypton EM calorimeter (LKr)

High granularity, quasi-homogeneous Beam pipe |
0¢/E = 3.2%/VE + 9%J/E + 0.42% [GeV] T\ e

. . . . : ; Kevlar winde
e/m discrimination \ & \‘&

e Hadron calorimeter, photon vetos,
muon veto counters ?
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Data ’rak_mg comple’red

> I".

days
(thls result)] =
- Total statistiifs in 2 years:

e =2332“.?‘¢|11 .m-ﬁﬁﬂl
. Kj:ﬁ% kel 4 109 |
\ o ""’" 0 \
\

o

., a
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Selected data 2003

10°

Data-taking 2003: o
1.61x10° events selected (K*/ K- = 1.8)

1/ even pion
in beam pipe

1.5 _ )
in beam pipe
1.25
1
10°
0.5 _
10°1
Q.25 = '-= E
P
a e . B 0
= 1.5 — —0.5 0 0.5 1 1.5
U
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on=1.7 MeV/c?

- n—)uv
K 1 03x109 events
i, Govie
Magﬂeﬁc s

Pectromete,. onl

No significant
background

- o
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The experimental method

Instrumental asymmetries:

Project Dalitz plot onto u-axis

Neglect asymmetries in
quadratic slopes h, k

If acceptance is equal for K* and K~
R(u) = N*(u)/N-(u) =
= n-(1+g.u)/(1+g_u) =
= n-(1+ Ag u)
A, = Ag/2g can be

extracted from a linear fit of
the ratio of u-distributions

o x> Wb =

Detector acceptance asymmetry
Time variation of detector response
Charge-dependent beam optics
Time variation of beams’ properties
Spurious magnetic fields

Charge-asymmetric interactions

Any imperfection has to be
charge-asymmetric AND non-flat

in u to induce an effect
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Addressing the acceptance

« Beam line (achromat) polarity (A) reversed on weekly basis
- Spectrometer magnet polarity (B) reversed on daily basis

Example: August 6 to September 7, 2003

Week 1 Supersample 1
Week 2 12 subsamples
Week 3 Supersample 2
Week 4 12 subsamples
B+ Supersample 3
Week 5
B+ _4 subsamples
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Acceptance cancellation

within supersample
Detector left-right asymmetry cancels

in 4 ratios of K+ over K- u distributions:  Spectrometer
(same deviation by spectrometer AY field
in numerator and denominator) Beam line: K* Up X
R — N (A+B+K+) B+ /30—
US™ N(A+B-K-) G

_ N(A+B-K+) K \ /
RUJ_ ’

N (A+B+K-)

R — N (A-B+K+)
DS™ N(A-B-K-)

Indexes correspond to
« beamline polarity (U / D)
« direction of kaon deviation

N (A-B-K+
( ) in spectrometer (S / J)

RDJ ~ N (A-B+K-)
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More cancellations

(1) Double ratio cancellation of global time instabilities
(rate effects, simultaneous beams):

R, = Rjs X R; —> R(u)=n-(1+2 Ag,u)
Ry = Rps X Rp; —> R(u)=n-(1+2 Agu)
(2) Double ratio cancellation of beam geometry difference effects:
Rc = Rc X Ry¢ —> R(u)=n-(1+2 Ag.u)
R; = Ry; X Rp; —> R(u)=n-(1+2 Ag,u)
(3) Fit with quadruple ratio:

R = RgXR;XRpsXRp;  =>  R(u)=n-(1+4 Ag u)

. . N izt | iff
The fit result is sensitive only to Normalization Slope difference

time variation of left-right asymmetries Ag=2g A, =-043A,
of experimental conditions

) 104 & A4
on a time-scale of ~1 subsample OAy < 2.2:10* & 6Ag < 0.9-10
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Systematics: beams

Time variations of beam geometry

Acceptance largely defined by central hole edge (12 cm radius)

Acceptance cut defined by (larger) “virtual pipe” centered on averaged
beam positions as a function of charge, time and K momentum

Sample beam profile at DCH1 SL';"“" beam position in subsamples I Beam widths:
> ~5 mm
025 Beam
movements:
~2 mm
il Also corrects
: for differences
- ... .| beam paths
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

-0.8 -0.4 0 0.4 0.8
X, cm

X, cm
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Systematics: spectrometer

Time variations of spectrometer geometry
Alignment fine tuning by equalizing reconstructed average K*,K~ masses

Time-dependence of alignment in 2003

450 Sensitivity to DCH4 horizontal shift:
e | AM/AX ~ 1.5 keV/um

- Maximum
[~ ~equivalent -~

_|~200um @DCH1
or

"N'I'ZOHﬁ;@'DCH2 Momentum scale adjusted anyway

~280um @DCH4 by constraining average
el raconstructed K masses to
PDG value

Effect of imperfect inversion of
spectrometer field cancels in
double ratio (simultaneous beams)

|

b AN
Teene” Y Sensitivity to 1073 error on field integral:

_50 \III1|0II\\2‘0IIII30II\I4‘0IIII5‘0I AMz100keV

Subsample

o

) ) Les Rencontres de Physiqu
M.S. Sozzi NA48/2: Kt —»31 CP asymmetries i, |,.e\/,.?|,pri4nf+, Znﬁae



Systematics: trigger

L1 trigger (2 hodoscope hits):
stable inefficiency = 0.7-10-3 charge-symmetric, flat in u:

no correction

L2 trigger (online vertex reconstruction on DCH data):

time-varying inefficiency (local DCH inefficiencies) 0.2% to 1.8%, charge-
symmetric and flat in u within measurement precision (control triggers)
u-dependent correction for geometry-dependent part only

| L2 ineff for K+ and K- in subsamples I

,.,_0_0'2_

¢+

T e .

ffic
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More systematics...

 Accuracy in time-tracking of beam movements, changes in beam widths
« Inhomogeneities in spectrometer misalignment, different misalignments

» Effect of stray magnetic fields: Earth’s magnetic field, vacuum tank
magnetization (measured): 1074 of spectrometer kick

» Coupling of ® decay to other effects
« Accidental (pile-up) effects

» Charge-asymmetric w interactions
 Track charge mis-identification

» Fitting region and method sensitivity

« Simulation not required.
Full MonteCarlo (GEANT, following misalignments, local DCH
inefficiencies) with same statistics as data used for systematic checks

) ) Les Rencontres de Physiqu
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Result and errors

Effect onl

Combined result: Agx104 Conservative estimate
(3 independent analysis) of systematic errors Agx10*
.L2 trigger systematics included Acceptance, beam geometry 05
Sample | Raw %)rrlr_e;’gef? Spectrometer alignme.nt 0.1
SSO 1 00+15 | 05+24 Spectrometer magnet field 0.1
0.4
SS1 | 09+20]| 22+22 n U decay
U calculation and fitting 0.5
SS2 1-2.8£22)-30£25 Accidental activity 0.3
SS3 | 20+3.4 | -26+3.9  gyst. errors of statistical nature
Total |[-0.2x10| -0.2+1.3 Trigger efficiency: L2 0.8
' 2 22/3 32/3 Trigger efficiency: L1 0.4
Total systematic error 1.3




Result stability

g x10-4 Ag x10-4
40 5 80; 7
2/ ndf 3346 / 9 [ 32/ ndf 6615 / 9
30_ 60_
10 + 20+
ot ot
-10F -20 -
-20} -40
-30 -60 |
40, 56 58 60 62 64 66 OO0 0 2000 4000 6000
E, (GeV) Zyertex (€M)



Preliminary result: 2003 data

A =(0.5224,, %21 2.1

A, = (0.5 £ 3.8)x10-

« Conservative systematic errors
for preliminary result

« Extrapolated final statistical error
(2003+2004): 6A,= 1.6 x 10~

« 2004 data: expect smaller
systematic effects (more frequent
polarity alternation, better beam
steering)

syst.

)%x10~4

NA48/2 (prel.)
o
10 | _g
O
X
()
N
N
00
/' G 03 3
10_5 % ——— ?mlz =
/ D Ambrosio |00
" (SUSY)
Isidori 92 | +&4 Shabalin 03
® I
/
C | D *Ambrosio 91
—6 ' | Maiani 95

10 / . X <5 e
- ~ —4 —
10 6 10 5 10 10 3

| A(mm*mT) |



“Neutral” mode asymmetry

KE>n*n0n0

u can be reconstructed with LKr calorimeter only

Statistics analyzed: 28 x 106 events (1 month of 2003)

Higher statistical power

Statistical error with analyzed data: A .= 2.2 * 107

Extrapolation to 2003+2004 data: 6A = 1.3 * 107

Possibly larger systematic errors

DEI eIl | o,=1.1 MeV/c?

g caeel e L
0.490

0495 0500
m(3r) GeV/c?

1.1

1.05

0.95

0.9

Ag_fit for SS1
v2=45.3/50

- 5A=4.8x10*




Experiment

A (7)) “charged”

° Ford 70

HyperCP 00 (prel.) o

* NA48/2 05 (prel.)

L [ R L I
).015 -0.01 -0.005 O 0.005 0.01

Other experiments will join: KLOE, OKA...
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Ay °7°)  “neutral”

Smith 75

Akopdzhanov 04
+

NA48 /2 expected
statistical error

I ST RS S S S R P -
-0.015 -0.01 -0.005 O 0.005 0.01 0.0

A

9

Les Rencontres de Physique
Ao la VVAallee AAActe 2007



Observation of mm scattering effect

% 10 2

1400 |
1200 |
1000 |
800 |
600 |

200

in K— 31T decays

Charge exchange process n*n—n’? not negligible under threshold,
destructive interference generates a cusp in the Dalitz plot,
not seen earlier by lower precision experiments

: ;{ 4*r11 2
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50000 |
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Conclusions

* Preliminary NA48/2 result (2003 data) on direct

CP-violating charge asymmetry in K* - m*m*n~:
A (O St 2. 4stat + 2. 1stat (trig.) 2"|syst.)x10_4

10 tlmes better precision than previous measurements

 Room to decrease systematic error (trigger efficiency)

« 2004 data contain another 2x10° charged events, with
higher quality

* Design goal within reach

« More detector information (beam spectrometer) available

* Neutral mode asymmetry: complementary, comparable
sensitivity

» A lot of other physics coming too (7 scattering lengths,
other CP asymmetries, rare decays)
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Thank-you
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