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O NA48/2 experiments at CERN SPS

O K* ChPT studies history in NA48/2

O New measurement of K* — m*n'e*e” (new)

O Search for the dark photon in ni° decays (preliminary)

O Conclusion

Mauro Raggi, INFN Laboratori Nazionali di Frascati



The NA48/2 experiment @ SPS north area
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Jura mountains

NA48/2 collaboration 15 institutes from:
Austria, France, Germany, Italy, Russia, CERN, UK, USA

Mauro Raggi, INFN Laboratori Nazionali di Frascati



NA48/2 experiment (2003-2004)

NA48/2 Data taking: 4 months in 2003 (K*) + 4 months in 2004 (K*)

Simultaneous K* and K-beam with N, /N, ~1.8
Total of ~2-10'"" charged Kaon decays in the fiducial decay region
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- 4 driff chambers and a dipole magnet - High granularity (13248 cells of 2x2 cm?)

- Quasi-homogeneous, 7m? liquid Kr (27X,)
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The ChPT weak chiral lagrangian

O The basic AS=1 O(p*) chiral lagrangian can be written as:

2 4 + 2
Ly, =L 1 -G,F <A6&U D'U)+G,F ;@u;

K—2m/3, vy Kf—mtyy, K—myy
O 37/ poorly known N, coefficients and W, operators

O Combinations of such couplings are accessible by measuring Kaon
decays branching fractions and form factors o ambrosio Pos(EFT09)061

O NA48/2 can access all the charged decay with very high precision

Decay XA“SZI counterterms

Kt — g™~  |Nj,—Nj; NA48/2 ee PLB 677 (2009) 246-254 uu PLB 697 (2011) 107-115

Kg — n0l "I~ 2N}, + NI, NA48/1 ee Phys.Lett. B576 (2003) 43-54 uu PLB 599 (2004) 197-211
K+ — n¥yy Nis— Nis — 2N;g NA48/2 Phys.Lett. B730 (2014) 141-148

Ky—nrny Nis —Ni5 —Nig — Ni7
K* - 11’y  |Nja—Nis—Nig— N1z NA48/2 EPJC 68 (2010) 75-87

K, —n"n ete [N, + 2N —3(Nj,—Ni7) NA48 Eur.Phys.J. C30 (2003) 33-49
Kt — ntnlete” |NJ,+2N]s— 3(Njs — N17) still missing!
Ks — ntnete |NT, — Nl —3(N/ +Ny7) NA48 Eur.Phys.J. C30 (2003) 33-49
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K¥ -»arnly*—nrnle*e”

7 (p) d31'* d3 s d3 g
dEXdTrdq? ~ dE%dTrdg? N dE}dT*dq>
K+(P) TTO(PQ)
N d°>T'y N d° Fing
" et (k) dE;dTC*dqz dE;dTC*dqz’
T \q
~(k L. Cappiello,O. Cata, G. D'Ambrosio ,D.Gao
e (k-) EPJC (2012) 72:1872

O K* — m=nle*e” offers various opportunity of chiral tests:

@ Inferference I'y ' can confirm the discrepancy in sign with the theorefical
prediction observed by NA48/2 in K*—= m*n% o )¢ ¢g (2010) 75-87

® Magnetic interference is genuine nmee and can be used to extract the sign of
the magnetic term I}, (impossible to extract in w=nly).

€ P violating observables in the dilepton pair coupling can be used to access
short distance physics using K* only (NA62)

€ Charge asymmetry not contaminated by indirect CP violation (as in K9)

O Never observed so far!
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Reconstruction and background

O Reconstruction strategy:
€ 3 good tracks, and 2 photon clusters
€ |dentify 2 electron and a pion by E/p

¢ M, compatible with i° mass

K+

O The main background sources are:
® K* — w5 (y) —nretey + extra or radiated vy

At least 1T M., compatible with M_,

LKr Ecal

M__ .. after reconsiruction cuts

‘S - + * Data

= 450" + [ | K+—>1t:1tze;e (1B)
E C . Bl K —»n'n'ny

2 400" ‘. B Koy

c -

2 -

w o

05 052 054
M_. o0 (GEV/C?)

® K* — m=n1'n', (y) »r=n’e*ey with a lost or merged vy
M._.., much smaller than in the signal due to original 3x final state
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First observation of K=a=nle+e-

i; * Dgta ‘E B ® Data

> Bl K’ —n*n%e’e (IB) > - [ K:—m*n“e*e'(lB)
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O After suppressing backgrounds: O Total number of m*nlete” candidates 1916
¢ Kypp cutting on [m,,—my, [>7 MeV ¢ BG candidates from K,pp = 26%5.1

¢ K,  cutting on m?2_>120 MeV
PP d " ¢ BG candidates from K;,, = 30£5.5

O We select the mass region:
® 483.677 MeV <M___.<503.677 MeV
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O Number of pure m=ne*e” events 1860



Normalization channel 2003 data only

Number of kaon decays measured by normalizing to Kf—=x*nl;(y) decay

"%1 0° — i &ffm*ng Quantity Valve Valve %
2 f K —u*ndv # of events 671491742591 0.04%
%10 ? Statistical error 0.04%
10* Acceptance (3.555+0.002)% 0.002%
10° i_ Trigger efficiency (97.64% 0.04)% 0.04%
BG in 2pD sample 3365158 8-10*%
0* Radiative corrections  0.78% 0.78%
10 Systematic error 0.78%
. BR(nt*7%(v)) (2.425+0.073)x10%  3.01%
042 044 046 048 05 052 054 @ External error 3.01%

Moo, (GeV/c?)

Niaecays=(7.9740.034,,£0.065 +0.24¢,,) - 1010 = (7.97+0.25) -1010

Error dominated by external error BR(n'—ye*e™) = 3.01%
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mrn’e+e— BR errors summary table

Error type Value Value in %
# signal candidates (1916) 0.095 2.35%
Statistical origin 0.095 2.35%
Radiative correction on IB 0.020 0.50%
Signal total acceptance 0.014  0.34% (statistical error)
0.041 1.00% (fraction mixture)
Back ground subtraction 0.016 0.40% (statistical)
0.002 0.05% (systematic Rad. Corr. 2pD)
Trigger efficiency 0.026 0.65% (statistical error)
Total systematics 0.056 1.40%
Normalization measurement 3.10% (from n*n®, decay BR)
Total external 0.126 3.10%

O Systematic error dominated by model dependent acceptance

O External error from BR(n;—e*ey) dominates the total error
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Total mmee BR measurement

O With the present data sample NA48/2 is not sensitive 1o DE and INT

® Model dependent BR computed using total acceptance in which the
relative weight of the 3 components are obtained from (Eur. Phys. J. C

(2012) 72:1872)
o _ Acc(IB)+ Frac(DE),, - Acc(DE)+ Frac(INT ), - Acc(INT)

Accppee =
1+ Frac(DE),, + Frac(INT),,

€ Using values from table below

Quantity Value

Nopee 1916 (1860 £ 51 after BG sub)
Ngg 55.817.4

Ksiux (7.97%0.24,,,)x1010

Acceptance (Acc™T ..) (0.5830.0019)%
Trigger efficiency (€,00s)  (78-7%0-65)%

® We obtain a preliminary total branching ratio measurement

N —-N
BR(ppee) — ppee BG

TOoT
Flux Accppee 8ppee

=(4.06+0.10,,+0.06,_ =0.13,,)-10™

stat
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Comparison with theory

Total BR prediction from D’ Ambrosio et al (private communication isospin breaking):
BR;or "0 = 4,0995-104(1+1/71+41/128) = 4.19-10¢
Results are in good agreement within <lo even with missing radiative corrections

BR(ppee)p<” =4.19-107° BR(ppee)y:t* = (4.06+0.17,,,)-107°
m;:;mi'mmm" Radiative correction included
E : (B+M+BE) Isospin Breaking in the NA48/ 2 montecarlo by
E ..... (B+M+BE) NO Isospin Breaking USing pho.l.os

‘Eur. Phys. J. C (2012) 72:1872

No radiative correction
. included in Eur. Phys. J. C (2012)
: 72:1872

G. D’Aimbrosio, O. Cata’
rivaté communication

1 11 1 § S | 1 1 I L1 11 I L1 1 1 | L1 1 1 I 1 L1 1
38 39 4 41 42 43 44 45 46 47
BR(r*n%*e )x10°
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Simplest dark photon model

O The simplest hidden sector model just infroduces one extra U(1) gauge
symmetry and a corresponding gauge boson: the “dark photon™ or A’ boson.

O The coupling constant and the charges can be generated effectively
through the kinetic mixing between the QED and the new U(1) gauge bosons

A!

€ SQED v !
R TS S VIVIVAVVAVAY AV VAVAVVAVAV
B. Holdom Phys.Lett. B166 (1986) 196

€ In this case the new coupling constant = e€ is just proportional to electric charge
and it is equal for both quarks and leptons.

O Asin QED, this will generate new interactions with SM fermions of type:

L~ gqpppyisU),

€ Not all the SM particles need to be charged under this new symmetry

¢ In the most general case q; is different in between leptons and quarks and can
even be 0 for quarks. P. Fayet, Phys. Lett. B 675, 267 (2009)
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Dark photon searches status

102

Visible decays: A'— ee, uu, i,
€ Kinetic mixed dark photons

KLOE 2013

Favored parameters values
explaining muon g-2 (red band)
® A’-boson light 10-100 MeV

w 103

Status of dark photon searches
€ Beam dump experiments (grey)

: E Babar
€ Fixed target (Apex, Al) 10

PRL 113, 201801 (2014)

® Mesons decays (Babar, KLOE, Wasa) 10° 107

Theoretical exclusion from g.-2 g,-2
€ Recent tight limit form ay,, (blue filled area) PhysRevD.86.095025

Much less constraints on “Invisible” decay mode .
‘ A’_)XX, 1x1076
€ No assumption on ag and no kinetic mixing

1 10

m,. (GeV)

W. J. Marciano et al.

S. REV. D 89, 095006 (2014)
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Dark photon in n° decays

s Decay (No light dark sector)

Production (kinetic mixing)

70 2 2
, - M:\ M
A’(BR)
100 = === ="
L ee” ‘.
BR(7’ — yA M=\ 0.50
T =rA) e ety | 1-Ma
BR(7" —yy) M, 020- KK
| BR( —>/A’)/BR('I°—>, ,) VS M Batell, Pospelov and Ritz 0.10 - :
- : PHYS. REV. D 80, 095024 (2009) :
valld for 82<<1 0.05 -
0.02 -
0.01F hadrons
0.1 02 | 0.5
M,, GeV/c?
NG M,.<M_, and no lighter wrt A’
% 0.0270.04 006 0.08 0.1 0.12 dark sector particles exist BR(A'—e*e™)=1

M., GeV/c?
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NA48/2 data sample

O Number of kaon decays in NA48/2 ('03/'04): Ny =2-10'"

® 4-10'0 70 tagged decays from Kf—=a*n’ decays

€ High efficiency trigger chain for 3-tfrack vertices throughout the data
taking

O Exclusive search for the decay chain K*—=x*n, n?—yA’, A'—e*e”
& Fully reconstructed final state, 3-track vertex topology.

O Idenfical fo K*—=nr*n’y (Kyop), #'p—ye’e;
® BR(Kyp)=2.4-107
¢ Senisitivity is limited by the ireducible K, background.

O Very good spectrometer mass resolution: o,,.. = 0.012 x M,

O Signal acceptance: depending on M,., up to 2.5%.
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Modeling the background

Differential decay rate (lowest order): g 1T 1| Lowest order
= 122 | decay rate: dr/dx
, >
1 ol'(mr — ye'e™) a|F( )|2(1 x)’ 1+y2+r_ S 10
I, 0xay X 2O TN
With x = (mee/mn)z' Y = Qp(q]_qQ)/[mzn_(] _X)] 10:2 L : : P : :
r=2ms/m, )00 DO L UL OO L L O L I

0 04 02 03 0.4 05 0.6 0.7 0.8 09 1
Radiative corrections: 3(x,y)-1 [%] ’

O Radiative corrections
¢ Mikaelian and Smith, PRDS5 (1972) 1763 Y,
€ Improved numerical precision by

Husek, Kompf and Novotny (fo be
published)

O = fransition form factor F(X)=1+ax
& PDG TFF slope found inadequate
® Modified TFF slope used for better data
description _
€ TFF slope measurement in progress 0102 03 0.4 05 06 0.7 0. 5'691 '
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Dato somple: Ks,.5 analysis

Events/ 1 NleV

data and MC
L2 O T S
10 - — Data
i K 5l
= g - 0y |
B O oy
104 g_\ B S T S SO SO
103 E_\\ o alalipia e en e a e e n e n e e ne  n u an [ 0 nn'ein'a sn'a n ne e L e A e n e n n a n 'S
107
10 OO SO SRR S
‘] .............................
L1l l L1 I L1 I L1 1 I | I L1 I
0.4 0.42 0.44 046 0.48 0.5 0.52 0.54 056 0.58 06

M, , GeV/c*

Events

10*

10°

10°

10

data and MC
I S R R — Data
: [ IK" >
. E!Kiad.‘-‘ngv

eansesanseganasnasunanassesucadecasnanannenensnons Beasanancssasanances

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

N T

0.1

0.12 0214
MGE’ GeV/c

Selection optimized for K, 5 (total P, consistent to zero).
Candidates: N(Ky,p, M>10MeV/c?)=4.687+10°, K ;35 contribution: 0.15%.
Semileptonic K* decays (K—all*v, large P;) can be included.
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Statistical significance

1 1 1 x* / ndf 14.82/17
Nexpected and N Distribution of

observed R Constant 30.63 +2.10

| vs mass hypothesis significance

Mean 0.04805 + 0.05934

= : ‘ 35:— """" ' Sigma 0.9814 + 0.0548
E sob
- Expected. :

104 .................... .................................................................... 25:_ """" HE L TR

20

PN /ﬁ
I S A N S . - a ’
A 100

| IIIIIIII

T IIIIIII

Obser

2 . N S N - " | .
10 ’ %4 3 2 40 1 2 3 45

[ | IIIII[

, 2 : 3000 Expected and observed
D D D LA A : ULs (90% CL) for Npp
0 0.02 0.04 0.06 0.08 0.1 0.12 2500 —

. 2 [ | Observed
O 'Svc\:eo\?/nce;j DP mass range: 10 MeV/c*<Mp<125 2000]

€ Variable DP mass step: =0.50M...
€ DP mass hypotheses tested: 398

O Confidence intervals for N,. are computed from: : |
® N, Ngp and 8N, in the signal mass window SO0l
® The Rolke-Lopez method. r

1 1 1 | I 1 I 1 1 I 11 1 1 1 1 1
0 0.02 0.04 006 0.08 0.1 0.12
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NA48/2 preliminary exclusion limit

NA48/2
preliminary

90% CL

PRELIMINARY |

-

E141

arXiv:1412:8053

2 1
10 10 "\,., Gevre?
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DP exclusion summary ‘ We conservatively assume

Nops=Neyp IN Ccases when
Nops<Neyo- Therefore there are no

downward spikes

Improvement of the existing limits
in the range 10-60 MeV/c2.

If DP couples 1o SM through
kinetic mixing and decays only
to electrons, it is ruled out as the
explanation for anomalous

(g9-2)u.
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Conclusions

O NA48/2 reported the first observation of the decay K*—n=nle*e”
¢ Based on 1860 candidates the preliminary value of the BR is:

N —-N
BR(ppee) = ppee BG

TO0T
Flux Accppee Sppee

& Statistical precision can be reduced significantly including 2004 data

=(4.06=+0.10

+0.06,,0.13,,)-10™

stat ext

€ Observation of DE and INT components requires radiative correction in
theoretical model. Final result expected for the end of the year.

O NA48/2 presented a preliminary limit on the dark photon searches
€ Improvement of the existing limits in the range 10-60 MeV/c2.
€ Allowed value of ¢2 has been pushed well below 10¢ at 90% CL
€ Assuming kinetic mixing and dark photon decaying to lepton pairs
the whole favored by (g-2)u region has been excluded

€ Further improvements can be obtained by including semi-leptonic
decays

€ Final result draft paper in preparation
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Spare slides
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