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The NA48/2 and NA62 experiments @ SPS

Jura mountains

NA48/2 collaboration: 15 institutes from 8 countries:
NA62-RK collaboration: 30 institutes from 13 countries
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NA48/2 (2003-04) NA2-RK (2007-08)

NA48/2 data taking : 4 months in 2003-04 (K*) 60 GeV Simultaneous K*beam
NA62-RK data taking: 4 months in 2007  (K*) 74 GeV mostly K* only beam
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The 5 decay form factor | F(x) |

O =%, : % le*ey differential decay rate:

1 d?T(79) a (1—x)3 5 2 )
= 1 — )1+ d(x, F
T e S OO
(Pe+ + pe-) 2pn0 - (Pet — Pe-) 2 2
T m, Y= m2((1 — x) r* = (2me/mzo)

O First order Form Factor F(x):
® |F(x)|~1+ax  a=FFslope parameter ~  ~ ">~~~
® Need sample with unbiased =° Dalitz decays.

O A clean and large sample of %, can be obtained at NA62-RK:
@ Source: K*—n*rn® tagged neutral pion (~107 n° ~107 =%, decays ).
€ Avoid any trigger bias on the data sample (minimum bias trigger)
€ NA62-RK lower statistic but much better trigger conditions wrt to NA48/2
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Measuring i fransition FF slope

O Fit the differential decay width as function of x:

1 dri(7%) 2a(1—-x)? 2 2 2
- L+ —)/1— —(1+6d(x,x)(1
r(?rg,?,) dx 31 x (1+ . ) . (1+6(x,y))(1+ ax)

O Theoretical expectation: a~0.03 VMD models.

Dalitz x Spectrum

O FFis afiny effect: 5"
>10°
® Need very precise measurement of x £
® Proper radiative corrections 8(x.y) o
10°

O Relevant measurement to improve
precision calculation of light by light
scattering contribution to muon g-2.

Leading Order
Leading Order x TFF(a=0.3)
L - Leading Order x Rad. corr.
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Computing ny radiative correction 6(x,y)

Original paper by Mikaelian and Smith: d’r [ d°T (14 50x.y))
Phys. Rev. D5(1972) 1763 dxdy ~ \dxdy ). Y

e e o I‘}(, 3",1

M,

Recent improvement Husek, Kampf and Novotny
Phys. Rev. D92(2015) 5, 054027 % o1 02 03 04 05 06 07 08 09 1 °4

X

Husek, Kampf and Novotny
Parameterization introduced in MC 1o
improve agreement with data.

Simulation  includes emission  of
radiative photons
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NA62-RK %5 selection

O Source K*— [#10 and Kf—{10p*
® Tag the 7 and select its Dalits decay

Events / (1 MeV/c?)

O Main selection cuts:
® Three good track candidates
® One good gomma candidate

® Reconstructed e*e-y invariant mass region: ;
]]5MGV/C2<M <]45M6V/C2 e

1 1 1 1 Il 1 1 1 L1 1 T, ——
eey 042 044 046 048 05 052 054 056

€ Reconstructed [0 invariant mass region: My, [GeV/c’]

465 MeV/c? <M., , <510 MeV/c? % - ;'“ li

€ Reconstructed Dalitz variable : 0.01<x<]1 E _ %:ﬁfji_’ﬁj:
O Selected data sample NA62-RK 2007: A
¢ 1.05x10¢ n°; candidates M
102;

|| T -
0.1 011 012 013 014 0.15 6.16 017
M., [GeV/c?]
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FF slope fit measurement
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NAG62 :

s\ Preliminary...... . | Data i
pelminary e 3

K = ptv)

O Split the reconstructed Dalitz x data into 20
equi-populated bins ”

Events /0.01

O Compare data with MC TFF slope a= 0.032

O Re-weight MC events to get simulated
distributions with different values of a:
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O Perform x* fest to extractbesta 3 |
@ 1.03—
o r
1.02;
NA62-RK preliminary fit result: Lot
a=(3.70 £ 0.53,,,; + 0.36,,,)x1072 W
v2/d.o.f =52.5/49 sooll
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Comparison with other experiments

Theory Theoretical expectation for FF
Geneva-Saclay (1978)
Fischer et al. 30k events ) XPT
' ¢ | | EPJ C46 (2006), 191
Saclay (1989) o.= (2.9.0 + 0.50)x1072
Fonvieille et al. _ Dispersion theory
® 1 32k events EPJ C74 (2014), 3180
a=(3.07 £0.06)x1072
SINDRUM | @ PSI (1992) Two-hadron saturation model
Meijer Drees et al. L 4 1 54k events EPJ C75 (2015) 12, 586
a=(2.92+0.04)x1072

TRIUMF (1992)

Farzanpay et al. L . 1 8k events
NAé62-RK preliminary
NA62 (2016) e-| 1.1M events a=(3.70 0.53,, 0-365ysi)x1 02
| | | | | | | | | | | | | | | | | | | | | | | | |
—0.1 —0.05 0 0.05 0.1
n° TFF slope

The NA62 preliminary measurement is the most precise FF measurement to-date
Final result and paper to come soon!
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What is the universe made of¢

Standard model ???Dark Sector???
mass > =2.3 MeV/c? =1.275 GeV/c? =173.07 GeVic? 0 =126 GeVic?
harge = 2/3 2/3 23 0 0
spin = 12 u 12 C 172 t 1 9 0 H
up charm top gluon Ec')%gﬁ
=4 8 MeV/c? =95 MeV/c* =4 18 GeV/c* 0

113 d -113 S -113 b 0
112 12 112 1

down strange bottom photon E 2 E
0.511 MeV/e? 105.7 MeVie? 1.777 GeVie* 91.2 GeV/e? .
-1 e -1 u -1 T 0 b

12 12 12 1

electron muon tau Z boson
<2.2 eVic? <0.17 MeWic* <15.5 MeV/c? 80.4 GeVic?
0 0 0 +1
12 -I)e 112 ul 12 Dt 1 W
electron muon tau
neutrino neutrino neutrino W boson

O Standard model only includes <20% of the matter in the
universe

€ We only know dark matter interacts gravitationally

O Many open questions 68.3% Dark

What is dark Matter made ofe

How dark matter interact, if it does, with SM particles?
Does one or more new dark force exist?

How complex is the dark sector spectrum®@

L R R 2R 2

M. Raggi Cambridge Seminar

Energy

26.8% Dark
Matter

d.9% Ordinary
Matter,




Simplest dark photon model

O The simplest hidden sector model just introduces 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

€ QED v ! A
e Y I YT RVAVVVAIVAY  AVVAVAVAVAVAV
B. Holdom Phys.Lett. B166 (1986) 196

€ In this case the new coupling constant = eg 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~ gapbpyisU,

€ Noft all the SM particles need to be charged under this new symmetry

€ In the most general case ¢; 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 and g-2,

| g-2 in the standard model

JN 09 (e"e™-based)
-299+65 ——

DHMZ 10 (t-based)
~195+54 F—a—

DHMZ 10 (e'e7)
—287 49 —e—

HLMNT 11 (e"e")

26149 —e— It oo noop
L et tworidaverege) o | About 3s discrepancy between theory and
o experiment. Could be due to hadronic
-700 -600 -500 -400 -300 -200 -100 0 . . . . .
o g <107 uncertainties on the Light by Light scatteringe
. 1075
g-2and A E
2 ]
oy . . K
< Additional diagram with dark =
photon exchange can fix the 3
discrepancy! ] /
= < (with sub GeV A’ masses ©) '] e by arch
3] of resonances
A ' E/ [muon g-2|<2c
M. POSpeIO\}O CloMev 100MeV 500Mev

Phys.Rev. D80 (2009) 095002 ™My
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Dark photon searches stafus

Visible decays: A'— ee, uu, nr,
€ Kinetic mixed dark photons simplest model

Favored parameters values
explaining muon g-2 (green band)

® A’-boson light 10-100 MeV v

Status of dark photon searches

€ Beam dump experiments (grey)
€ Fixed target (Apex, Al)
® Mesons decays (Babar, KLOE, Wasa)

Theoretical exclusion from g.-2 g,-2
€ Tight limit form ag,, (red filled area) physrevD.86.095029

Much less constraints on “Invisible” decay mode

® IfM <M,/2, A'—yy. €% suppression to all visible modes

€ No assumption on ap and no kinetic mixing
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104 Visible decay searches 2015
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Dark photon in n° decays

e+

Production (kinetic mixing) Decay (if no light dark sector)

4 A/
, . a Am?® 2m?
o us G(4'—>ee)==¢eM, |1- |1+ —
> © 3 M, M,
BR(p® — gA4") M2
g ~ 26° | F( Mi ) |2 1 = ZZA4' [Batell, Pospelov and Rifz, PHYS. REV. D 80, 095024 (2009)
0 ' 2
BR(p _)gg) M,O ) 1.00F | | 1
0.50F e-'e- 1
{ BR(2>yA) /BR(x>71) vs My | { Mol hadrons
o vahd fc:r El«i o200 \/ — s |
A : - . 010}
o 151 | |
0.05F
| W
0.02F
0.01
Ofl DI.Z . OTS ll.O EI.O STO 1(;.0
: _ : : my (GeV)
O 6:05"0.04 0.06 .08 0.1 012 M <M, and no lighter wrt A’
My, GeV/c? dark sector particles exist BR(A'—e*e)=1
15
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NA48/2 data sample

O Number of kaon decays in NA48/2 ('03/'04): Ny =2 - 10!
€ 5-10'°x° tagged decays from Kf—r*r® and Kf—-nou*v decays

O Exclusive search for the decay chain n°—yA’, A’—»e*e-
€ Search for a narrow peak in the e*e~ invariant mass.

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

€ Very good spectrometer mass resolufion: 6y,ee = 0.012 X M,

O DP final state n—yA’, A'—e*e~ identical to n’y—yete;
# Main background is Kf—>n#nly : BR(K,,p)=2.4/102
¢ Sensitivity is limited by the irreducible K, background.

O Signal acceptance:
€ depending on M,. from 4.5% down to 0.5% for high values M,..

O A fotal of ~1.7x107 candidates collected during 2003-04 data tfaking
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Data sample: K, p + K 55 selection

O K*—n*n'yselection KE—mtnoy: e Gyl P
7evt | - E: ot
| Moo My | < 8 MeV/c? (138107 evt f ==k N =2
o 51 05_ IL K —nduty =10° 3 ] COK —ndpv 4
[ Mo, M| <20 MeV/c? 3% i Ll
€ No missing Py: B1oe m10% <
< 5-104GeV?2/c? ; ; + 0\\
/ otk 10° K —T T \\q
107k 0%
5 Y
108 10 N + DV E
i ||||||||||||||||||||||||%| L1 1:||||||||||||||||||||"|||
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n Ki—)uinOD SeleCTlon { K+—)l.,l TCODV I Kusi:n selection: 'g ;{‘\.\ I‘v{"mslllalar:,ticvn:I
6 — Data v10° — Data H
Moo Moo | <8 Mev/c? U3 110%vE 7 mcy [ 27 Koy [
o Pk - = o
& M2 <0.01GeV2/c* % I mkors | 2] S HEK e
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J ; 10°
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7
i
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Statistical significance

and their uncertainties; UL (NDP)

exp

Nobs’ N

—_
o
L

—k
Q

—
<

3

m,, (MeV/c?)
Scanned DP mass range: 9 MeV/c?<Mp<120 MeV/c?.
€ Variable DP mass step: [11.5[1(M,.).
€ DP search window: [10.501(My)
® 404 DP mass hypothesis tested

Confidence intervals for N,. are computed from:
®  Ngpo Nops and [Ny, NG, in the signal mass window
® Frequentist confidence intervals Rolke-Lopez method.

:N\\& a % 3; b
~ < 2f
: T g W DL
,, N 5 | 'm Ll
f UL (N_) at 90% CL \ %o— M‘ “ ﬂ Il Jlilﬂi. L'. wl P!'IHM!..'J hﬂl .f"ﬁ“. |
At MH AW aaal i '|H| }'H‘ "H ?‘r' H" i
Ek-—-..._‘____ -'I: f - L | i
; SNEA?-‘- H%‘%M """ E ‘ 1” ‘ ll UY
= 2
E 8Nc:bs 5Ne:n(p\ g
20 40 60 80 100 120 37720 40 60 80 100 120

Local significance never exceeds 3 [ no dark Photon signal observed
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10°

10®

107

NA48/2 DP exclusion limit

DP exclusion summary
Final result: PLB746 (2015) 178
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Improvement of the existing limits in the
range 9-70 MeV/c2.

If DP couples to SM through Kkinetic
mixing and decays only to SM fermions,
it is ruled out as the explanation for
anomalous (g-2)u.

Sensitivity  limited by ireducible 19,
background: upper limit on 12 scales as
~(1/Ny)2, modest improvement with
larger data samples.



Impact of NA48/2 measurement

Favored region (g-2)u still
available in the low mass
region.
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Impact of NA48/2 measurement

Favored region (g-2)u
completely excluded by
NA48/2 measurement!

Final result: PLB746 (2015) 178
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The Be® anomaly and the proto-phobic

fifth force

PRL 116, 042501 (2016)

8Be*

((@ |
A 47

ATOMKI PAIR

NA48/2 it's not a dark photon!

10'1_
[ m=15.6 MeV
& + %, m=16.6 MeV

% m=17.6 MeV

7
%
(o

.. 680

dN/db

_|_ SPECTROMETER | | | ‘ | | | |
p TLi 8 80 90 100 110 120 130 140 150 160 170
fl Be Opening Angle [Deg]
- = + ot 66
n’-phobia = p*-phobia
To avoid NA48/2, prohibit 0 decay to Xy 10"
X X :
0 0 |
T - ==
P 10"*E
% (vt — dd) E
V 4 /y /7 :
FROM QUARK CONTENT i A
QUQIu_ QdQld =0 Qld = 2Qlu ProtoPhobic coupling 10 Sy L \.\‘.\. .., LHCb
10 100 mx [MeV]

Mauro Raggi, Sapienza Universita' di Roma 22



Conclusions

O NAb62-RK performed the most precise measurement of the n® TFF
¢ a=(3.70 £0.53;,; £ 0.36,;)x1072  PRELIMINARY

€ Can be used to reduced uncertainties in the light by ligth scattering
contribution to the (g-2)u

€ Final results and paper in preparation

O NA48/2 set a limit on the dark photon searches (PLB746 (2015) 178)

® Improvement of the existing limits for visible decays in the range 9-70
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 only
the whole favored by (g-2)u region has been excluded

® Several new physics models constrained by the NA48/2 measurement
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