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Introduction

Search for New Physics (NP) at intensity frontier with fixed-target experiments:

® Complementary to energy frontier (LHC) and indirect searches (precision measurements, LNV, etc.);

® Typically sensitive to MeV-GeV mediators, low couplings (FIPs) accessible (large statistics);
® Dark Sector (SM-DM) portals typically probed:

NP Particle [ type [ SM portal (dim < 5) [ PBC [ decay channels (m < 1GeV)
HNL (Ny) fermion For(LoH)Ny 6-8 b, K01 Lo
dark Higgs (S) scalar (uS +AS?)HTH 4-5 2 27, 47, 2K
A LV 11 .
axion/ALP (a) | pseudoscalar (Cvv/ )aVM, v 5 % vy, €4 2ny, 37, 4w, 27n, 2K this
(Crr/N)Ouafy" v f 10 talk
dark photon (A)) vector —(e/2cos Ow)F,,, B*” | 1-2 V24 27, 37, 4w, 2K, 2K~
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Introduction

Search for New Physics (NP) at intensity frontier with fixed-target experiments:

® Complementary to energy frontier (LHC) and indirect searches (precision measurements, LNV, etc.);

® Typically sensitive to MeV-GeV mediators, low couplings (FIPs) accessible (large statistics);
® Dark Sector (SM-DM) portals typically probed:

NP Particle [ type [ SM portal (dim < 5) [ PBC [ decay channels (m < 1GeV)
HNL (Ny) fermion For(LoH)Ny 6-8 w0, K01 Lo
dark Higgs (S) scalar (uS +AS?)HTH 4-5 2 27, 4w, 2K
A L VY 11 .
axion/ALP (a) | pseudoscalar (Cvv/ )aV”, v 5 % vy, €4 27y, 3w, 4w, 27n, 2K this
(Crs/N)Ouafy" " f 10 talk
dark photon (AL) vector —(e/2cos OW)F/WB*“’ 1-2 o0 27, 3w, 4w, 2K, 2K~

At NA62, two operation modes, K and beam-dump mode, and two types of searches for NP particles:*

® NP particle production in SM particle decays, e.g.: K+ — 7 a (with/without a — ££)

e NP particle decay to SM particles, e.g.: A" — ¢/

1See also talks by B. Débrich and J. Swallow
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The NA62 experiment

® Fixed-target experiment at CERN SPS (north area).

® Main goal: study of ultra-rare K™ — 77 v decay,
+ Broad physics portfolio, including Kaon physics and dark-sector searches

¢ Two data-taking periods: 2016-18 (see K™ — n v analysis paper?), 2021-25 (Run 2, ongoing).
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NAG62 experiment in kaon mode

® 400 GeV/c primary p™ beam impinges Be target, 10'? protons/s on spill
75 GeV/c secondaries (~ 6% K™T) selected using magnetic achromat, TAX collimators

® 5 MHz K decay-in-flight in 60 m long fiducial volume (FV)3;

e K% tagged by KTAG
and 3-mom. determined by GTK;,

Iron Decay products’ 3-mom. measured by
MUV3 STRAW, time measured by CHOD
>4 PID given by LKr, MUV1, MUV?2

Isc and RICH;
|Rc Dump M ID provided by MUV 3;
7 ~— Region —> LKr ® Photons can be vetoed by LKr and

at large angles by 12 LAV stations or
zim by SAC/IRC at small angles;

0 100 150 200 250

® Overall experimental time resolution reaches O(100)ps

3The beam and detector of the NA62 experiment at CERN. JINST 12 P05025 (2017), [1703.08501]
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NAG62 experiment in beam-dump mode

® target removed and TAX closed, KTAG and GTK not used:

Standard setup
TAX

Target I l I I
Y

Y [m]

Be target

2 removed - RDec_ay
egion

STRAW

MUVO
ICHOD
MUV1,2
Iron
MUV3
SAC

‘HASC

IRC Dump
LKr

100 150

BlAg;p B1cB2

>n hadronic fin

200

250
Z[m]



NAG62 experiment in beam-dump mode

® improved sweeping from magnets downstream of TAX, reduce background from penetrating particles

® Proton beam intensity x1.5 of nominal;

5 Beam-dump setup Y [M]
. R gAgS-CHOD
1 STRAW HOD
- TAX Veto LAV = MUV1,2
- ANTIO I
o RN -
| No target B RIS MUV3
0 X — - I R SAC
i 0 1 ; ]
i II II B3 |
il BlAgig B1cB2-1 1 e ]"
'1_, L~ IRC
-2 A LKr
T T T T
0 10 20 30 71m] . . T i i )
50 100 150 200 250 7 [m]
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NAG62 experiment in beam-dump mode

E | Beam-dump setup Y [m]
> NA48-CHOD
! 2 1 CHOD
TAX Vet LAV STRAW ~ m,  CHOD '
€to ANTIO
No targetll Il 1y B4A B6
= = o |

BiAgsg g1cB2-1

o
T IR N N NS N RN A B

-2 4

T
[ 10 20 30 Z [m]

50 ‘ 100 150 200 250 7 [m]

® two trigger lines for charged particles: Q1/20 (> 1 hits in CHOD), H2 (> 1 in-time hit in CHOD)
® Npor = (1.4 £0.28) X 107 protons on target (POT) collected in 2021; plan: Npor = 10'® in Run 2
® NP searches with ee and pp in NA62 2021 BD sample published;? today - hadronic decays

4NA62 Collaboration JHEP 09 (2023) 035 [2303.08666]; [2312.12055]
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Dark messenger signal Monte Carlo

® Numerous possibilities for the messenger X being a dark photon (DP), dark scalar (DS),
axion-like particle (ALP), ..
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Dark messenger signal Monte Carlo

® Numerous possibilities for the messenger X being a dark photon (DP), dark scalar (DS),
axion-like particle (ALP), ..

® = numerous production and decay channels:

DP DS ALP

T T Ty e ALP: Primakoff (on-, off-shell), mixing with
T atn 0 P={n"nn'}, BEO - KE0.()g

+ =00 | 4+ -~ 0.0 | +_—_0_0
T e e 7_T~_ T ¢ DP: Bremsstrahlung, P — Ay, V. — A'P
KVYK— K+YK— T (V={pw,o})

- - e DS: B:t,() K:i:,(),(*)S

K*K~—n" K+K—n" : -

® Altogether 36 combinations of production and decay channels studied
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Analysis strategy

Selection of two charged hadrons:

® 2 good quality STRAW tracks in coincidence
with each other and the trigger

® Particle ID to select hadrons (LKr and
MUV1-3), RICH for tagging K+

® No in-time activity in LAV, SAV and ANTIO

® Decay vertex selected in a fiducial volume (FV),
an upstream region defined as a control sample

Pytx [mm]

Events/[L m x 10 mm)]

I L I

120 140 160 180
Zytx [m]

Figure: Two-track vertices (no PID) and definition of fiducial

volume and upstream region (red hatched area).
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Analysis strategy

Selection of two charged hadrons: =
® 2 good quality STRAW tracks in coincidence E 180

x

<

=

. Signal MC:
' A'(Bremsstrahlung) — 7' 17|

Production: £, = 10*

_ Decay: BR(A' - ') =1

Flat decay in FV (7, )

=
v

N
(=3
Events /[0.5 m x 1 mm]

with each other and the trigger
® Particle ID to select hadrons (LKr and 5 140
MUV1-3), RICH for tagging K+ O 120
® No in-time activity in LAV, SAV and ANTIO 100
® Decay vertex reconstructed in FV

AN AN RAACREANRARNRRR

=
o

Search strategy:

® select neutral LKr clusters, reconstruction of ~,

7%,  based on time and opening angle; 02 0 0 40 60 80 100 !

® dark messenger reconstructed from final states Z1ax [M]
and extrapolation to TAX - definition of signal Figure: A’ — 777~ MC: control (CR) and signal (SR) regions.
region (SR) in terms of primary vertex: * SR: ellipse center {Zrax, CDAtax} = {23m, 0mm]},
CDATAX VS ZTAX semi-axes of 23 m and 40 mm

® CR: CDATax < 150mm and —7m < Zrax < 53m
® both SR and CR kept masked during the analysis
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Analysis sensitivity

® In a model-independent approach ® Xpp—x (Cher): messenger prod. probability for ref.
BRy i =1, coupling
Nexp(Mx,Tx) = ® P.q: probability to reach NA62 FV and decay therein
Npot Xpp—s X (Cret) Pra Aace Auig ® Aacc Airig: signal selection and trigger efficiencies
= 10712 e =102 g
fpaspansasnammss IWRNN- PR T
O 10- — L[S ]
T’IO 14 ——— . 42 g % t ]
[t o s =20r L]
10716 4||1g0 @ a e Lt b
E g o s [ .t ]
! 3 o 10F . ]
107 4|10 ® i e 1
10-20 . NAG2 Pre\lmmar\; 10-6 10-20Et | % 10-6 o:,"”'w | . NAG2 Pre\iminaryﬁ
05 1.0 15 20 25 3.0 05 1.0 15 20 25 3.0 05 L0 15 20 25 3.0
Ms [GeV/c?] Ms [GeV/c?] Ms [GeV/c?]

Figure: Left: expected number of S — 777~ selected events, for gys = 10”4, BR = 1. Center: selection acceptance given a
messenger decay in the FV. Right: Mass resolution of the reconstructed messenger.

® Distributions evaluated for all 36 combinations of production and decay channels




Background overview

After masking SR and CR and lifting vetoes, two w7 events observed in data:

® 1 event with vertex upstream of FV, vetoed by ANTIO

® | event with vertex inside F'V, not vetoed by ANTIO, vetoed by LAV
Background estimations with mix of data-driven and first-principle MC:

e “Combinatorial:” data-driven event overlay — negligible

® Neutrino-induced: GENIE + PYTHIA + GEANT4 — negligible

® “Prompt:” data-driven + GEANT4, inelastic interaction of halo

o “Upstream:” data-driven + GEANT4, particles selected by the GTK achromat

Tommaso Spadaro (LNF) Searches for dark messengers at NA62: a focus on hadronic final sta Ischia, May 31, 2024 9/ 15



Background overview - “prompt” component

® data control sample of halo u, backward MC (PUMAS tool), unfolding for correct kinematics
e MC statistics equivalent to Npor = 1.53 x 107 (exceeding the data stat.)

® 7 outside CR (in ANTIO
acceptance + no vetoes applied):
® Nexp =1.8+1.4vs Nops =1
(Upstream region)
® Nexp = 0.20£0.15 vs Nops =1
(FV)
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Background overview - “prompt” component

® data control sample of halo u, backward MC (PUMAS tool), unfolding for correct kinematics
e MC statistics equivalent to Npor = 1.53 x 107 (exceeding the data stat.)

® 1 outside CR (in ANTIO Table: Summary of expected number of prompt background events at
acceptance + no vetoes applied): 68% CL for all studied decay channels in CR and SR after full selection.
® Nexp =1.8+1.4vs Nops =1 Channel Nexp,cR = 6 Nexp,cR | Nexp,sR £ 0 Nexp srR
(Upstream region) s (5. 7*}18 %)y x107° (5. 5*}1850) x 109
® Nexp = 0.2040.15 v8 Nops = 1 ntrTy (17153 x 107° (1.673:2) x 1077
(FV) atr= 0 (1. 3+l 5y x 1077 (1. 2+4 3) x 1077
) . ata~x07% | (1.6175) x 1078 (1 6+7 4) x 1078
® after applying full selection the tan (7. 3+27 0y % 108 (7. 0+5682) < 10-5
prompt background expeciations in K+ K- (4_7:597) % 10-7 (4.6715:2) x 1077
CR and SR are below 107~ in all KT K0 (1-6f?{:§) % 109 (1~5f?‘;) % 109
channels ] ]
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Background overview - “upstream” component

® 3 sub-components observed in an _ x10°
“ANTIO-blind” control sample E 180F
in the Zyrx — M plane: el e ey o
® 19 upstream interactions ~ 160 K
® 2 Kg — 7w~ candidates L . >«
®* 8 Kt - atrtr, one 7w lost 140; oL
(6 identified as mt7~, 2 7t~ y) 1200 -
L 1\F\/ beginning
100? \l/ e g% o P ®e e . .
|_Upstream region

Y S S AR RA BRI
8EOO 300 400 500 600 700 800
M 4y MEVIC?]
Figure: Events not in ANTIO acceptance or not vetoed by

ANTIO in ZyTx — invariant mass plane. Solid lines indicate
the FV. Dashed lines indicate the Ks 30 mass window.
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Background overview - “upstream” component

® 3 sub-components observed in an x10°
“ANTIO-blind” control sample E 180F
. .E. r ¢,F\/ end mrr(y) data control sample
m the ZVTX - m7T7T pla‘Ile: é C events not vetoed by ANTIO
® 19 upstream interactions ~ 160 K
® 2 Ks — ntn~ candidates 140: . <~
e 8 Kt 5 atatn~, onen™ lost i o,
(6 identified as mt7~, 2 7t~ y) 1201 - .
® upstream interactions: vetoed by ANTIO C A evbeginning
acce t d 1 . 100 \1/ g% o Pe e X3 . © .
ptance and vertex location F Upstream region

Y S S AR RA BRI
8EOO 300 400 500 600 700 800
M 4y MEVIC?]
Figure: Events not in ANTIO acceptance or not vetoed by

ANTIO in ZyTx — invariant mass plane. Solid lines indicate
the FV. Dashed lines indicate the Ks 30 mass window.
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Background overview - “upstream” component

® 3 sub-components observed in an
“ANTIO-blind” control sample
in the ZyTx — myr plane:
® 19 upstream interactions
® 2 Ks — 77~ candidates
e 8 Kt 5 atatn~, onen™ lost
(6 identified as mt7~, 2 7t~ y)
® upstream interactions: vetoed by ANTIO
acceptance and vertex location

® Kg candidates: 30 window (£5.7 MeV /c?)
around mpg kept masked

daro (LNF) S

_ x10°
[ L
180
.E. r ¢,FV end 7 (y) data control sample
é C events not vetoed by ANTIO
> -
5 160F )
L s
C . <«
1401 .
[ * .
C 3
120 .~ .
- 1\F\/ beginning
100 \l/ e g% o P ®e .o K .
[ Upstream region

Y S S AR RA BRI
8EOO 300 400 500 600 700 800
M 4y MEVIC?]
Figure: Events not in ANTIO acceptance or not vetoed by

ANTIO in ZyTx — invariant mass plane. Solid lines indicate
the FV. Dashed lines indicate the Ks 30 mass window.




Background overview - “upstream” component

® 3 sub-components observed in an _ x10°
“ANTI0-blind” control sample E 180F
in the Zyvtx — Mxx plane: ~ f e B ey T
® 19 upstream interactions N> 160~ K
® 2 Ks — 77~ candidates 140: . <«
® 8 KT —watata™ onent lost o .
(6 identified as mt7~, 2 7t~ y) 1200 L 1
® ypstream interactions: vetoed by ANTIO i A evbeginning
acce t d 1 . 100 \l/ e g% P ®e .o K .
ptance and vertex location F Upstream region
® Kg candidates: 30 window (£5.7 MeV /c?) e I s a0 o6 500
around mpg kept masked e [MeVIC?]

[} +_; -l 3
K7 -induced background. simulated usig Figure: Events not in ANTIO acceptance or not vetoed by

selected single KT tracks, forced to decay ANTIO in Zyrx — invariant mass plane. Solid lines indicate
as K — 7T+7T+’/T7 in the FV the FV. Dashed lines indicate the Kg 30 mass window.
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Background overview - “upstream” component

Result outside CR/SR before ANTIO acceptance:

€ 250F K 7 MC (N, scaled to data) [ 0.016 &'
l Channel [ Nexp + 5Nexp [ Nobs IS L ' and 'y final states IS
—_ C no LAV and ANTIO veto 0.014 ©
hr 5.6+ 2.8 6 200 ® =" x
atr Ty | 24+£1.2 2 S [ ao®m o - 0012
O 150 el 001
® Result outside CR/SR after ANTIO acceptance: E 0.008 &
[ c
[ Channel | Nexp + 6Nexp | Nobs 100~ 0.006 £
F w
ata~ 0.68 £ 0.34 1 s 0.004
7tm "y | 0.31+0.16 0 0y 0.002
® Background expectation in SR and CR: 9670 20 40 60 80 100 120 140 160 180 °
l Channel [ Nexp,cr £ 6 Nexp,CR [ Nexp,srR £ 0 Nexp,SR Zax [m]
Ea— Figure: Expected background from K3, in the primary
T 0.013 & 0.007 0.007 + 0.005 vertex Z vs CDA plane before applying ANTIO
atr~~ | 0.031+0.016 0.007 4 0.004 acceptance.

Simulation performed also for Kc4 and K4 decays = negligible contributions
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Total expected background overview

Table: Expected number of background events (68% CL) in CR and SR. Minimum number of observed events Nops for a
background-only p-value above 50 in SR and SR4+CR (global significance, flat background in min, assumed).

Channel chpch + 6chp,CR chp,SR + 5chp,SR NS;SSJR N:I;BSUR—FCR
e 0.013 4 0.007 0.007 £ 0.005 3 4
Tty 0.031 4 0.016 0.007 4 0.004 3 5
ata—n0 (1. 3*‘% g) x 1077 (1.2713) x 1077 1 1
ata 7070 | (1.6779) x 108 (1.677-9) x 1078 1 1
ataTy (7 3*3710) x 1078 (7.072%2) x 10-8 1 1
KtK~ (4.773%7) x 1077 (4.672%2) x 1077 1 2
KTK—7 | (1 6+§§)x10 0 (1 5+§’;)><10 9 1 1

e Search is background free not only at Npor = 1.4 x 10'7
but also in the future full Run 2 dataset of Npor = 108
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Final result and interpretation

0 events observed in all control and signal regions

® 5 . : T ————— 71— . . A
~ — r BC11 90% CL UL
= =5 -
i 10 E E I> 10~ Past experimentsy
3 q 8 NA62 a—-hadrons: 3
L 4 = L —— observed ]
10-°F 1 S10- — *lo 4
£ 3 6 +20 3
107 Bcago%cLuL 3  10° E
E Past experiments 3 E|
[ NA62 S - hadrons : ] [ ]
10781 —— observed 4 1078L > -
E — z*lo E| E 3
F +20 ] r ]
107 NA62 Preliminaryj ~ 107°¢ mi.| |my my |NA62 Preliminarys
107! 10° 2x107t 10° 2 x10°
ms [GeV/c?] m, [GeV/c?]

Figure: The observed 90% CL exclusion contours in BC4 (left) and BC11 (right) benchmarks together with the expected
+10 and 420 bands (theory uncertainty not included). Public tool ALPINIST® used for the combination of the results from
the individual production and decay channels. No standalone 90% CL exclusion for BC1 (dark photon).

5 ALPINIST: Axion-Like Particles In Numerous Interactions Simulated and Tabulated. JHEP. 07 (2022) 0945 [2201.65170]
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Conclusion

® Preliminary results on the search for production and decay of a dark-sector messenger from data
collected by the NA62 experiment in beam-dump mode have been presented:

® Analysis basically background free up to 10'* POT
® Blind analysis up to opening of both control and signal region
® No observation of new physics signals;

¢ Blind analyses to search for new-physics particle decays X — £7¢~ and X — hadrons performed on
the data collected in 2021 explore new regions of the parameter space;

® Searches for dark-sector particles decaying into semi-leptonic or di-gamma final states are in progress;

¢ Data-taking ongoing, new sample collected in 2023, 10*® POT in beam-dump mode expected by the
LHC LS3 with interesting perspectives on dark photons, ALPs, dark scalars and HNLs.
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Conclusion

® Preliminary results on the search for production and decay of a dark-sector messenger from data
collected by the NA62 experiment in beam-dump mode have been presented:

® Analysis basically background free up to 10'* POT
® Blind analysis up to opening of both control and signal region
® No observation of new physics signals;

¢ Blind analyses to search for new-physics particle decays X — £7¢~ and X — hadrons performed on
the data collected in 2021 explore new regions of the parameter space;

® Searches for dark-sector particles decaying into semi-leptonic or di-gamma final states are in progress;

¢ Data-taking ongoing, new sample collected in 2023, 10*® POT in beam-dump mode expected by the
LHC LS3 with interesting perspectives on dark photons, ALPs, dark scalars and HNLs.

Thank you for your attention!
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Search for dark photons (DP)

Model of DP A’ with kinetic mixing with the SM hypercharge: £ D — WF’ B* =
cos

Two DP production mechanisms in the beam-dump setup (in TAX):
® Bremsstrahlung production: p+ N — X + A’
® meson-mediated productlon p+N—>X+M, M — A +~(r ) where M € {Wo,n,p,w, }

w 1072 w 1072 T T
90% CLUL 90% CL UL
1073 Past experiments § 1073 Past experiments 3
E NAgs NA48  BaBar —— NAB62 A -1 Nas NA48  BaBar —— NAB2A'-1L
~E14l LHCb A’ 10, brems. 3 107%F £141 LHCb Al>ee 4
A'-lf,meson 1  E T A=
4 105k
4 1075 E
E137 E137
1077k 4 1077k ]
CHARM CHARM
G NUCAL o NuCAL
-8L - -8L -
10 SN1987A 10 SN1987A
—9 I L -9 L I
10 10t 102 103 10 10 10t 10?2 10° 104
M, [MeV/c?] My [MeV/c?]
Figure: Sensitivity per production mechanism Figure: Sensitivity per decay mode assuming
assuming 0 observed events in 1.4 x 1017 POT. 0 observed events in 1.4 x 107 POT.
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Search for dark photons (A" — pu)

— 60 -
E F 'o.s £
Search strategy: 3 50; . ‘g
e utu~ vertex reconstructed in FV; é a0k -
r —02
® primary production vertex close to TAX. E ‘g
: 30 —o1s 3
Event selection: F P
. c
® good quality tracks with timing in 20 01 £
coincidence with each other and the trigger 10F- 005 g
® particle ID with LKr and MUV3

920 -10 0 10 20 30 40 50 60 70

Zrax [M]
Signal MC and definition of control (CR) and signal
regions (SR) for A" — pp.

® no in-time activity in LAV
® extrapolation of di-lepton momentum to TAX - Figure:
definition of signal region (SR) in terms of
primary vertex location: CDArax and zrax ® SR: 6 < zrax < 40 m and CDArax < 20 mm;
® both SR and CR kept masked during the
analysis
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Search for dark photons (A" — uu)

Search for A’ — ptu~ decay - data and MC comparison, CRs opened:

Aty
E : E Nexp £ 6 Nexp| N,
ES5 0.0025 £ exp exp|{Vobs | PN>Nypo | PL<L g
% ; ’ % outside CR | 26.3+£3.4 | 28 0.41 0.74
5 4 ooz E OCR3 1.70+022 | 2 0.25 0.25
(@] —
k > OCR2 0.58 £ 0.07 1 0.44 0.44
300 1 ; _| €
3 0.0015 g OCR1 0.29+£0.04 | 1 0.50 0.68
| UJ OCR1+2+43| 2.57 +£0.33 4 0.26 0.24
200 | 0.001
3 CR 0.17 £ 0.02 0 1.0 1.0
0.0005 SR 0.016 + 0.002| - - -
100 150 200 250 © ° Probablhty to observe 1 or more events in SR
Ziay [m] is 1.59%

Figure: Data-MC comparison, SR closed.
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Search for dark photons (A" — uu)

Search for A’ — pp~ decay - data and MC comparison, CRs and SR opened:

prw

—_ _ — — 60 —_
€ E £ F E
£ I E E T 0.0012 £
= 00025 5 = o
> % 50— X
= X Eor —0.001 ¢
3 ~oo2 £ 5, =
o = O 40 —10.0008

—0.0015 € F
g 30 —10.0006 ®
it F e
0.001 205 S
E 3
c S
0.0005 10 [

0 0,

T 20 30 40 50 60 70
Zrpx [m]

=50 100 150 20 250
Zipx [m]

Figure: Data-MC comparison, CRs and SR open. Figure: Signal MC - data: 1 event observed - counting

experiment with 2.40 significance. Signal shape not
taken into account for the significance.
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Search for dark photons (A" — uu)

w 10722 T T T T T - . — T3
E 90% CL UL b
10‘3; Past experiments a
—— NA62 A’ -y, obs. E
10—4:_ — A’ >, exp. 10 ]
A’> Uy, exp. £20 3
107 E N
10-© E 3
1077 3 4
-8 [ L L L | L L L | | ]
10 103

|
10°
My [MeV/c?]
Figure: Final result with upper limit @90% CcL3.

4Gearch for dark photon decays to pt ™ at NA62. NA62 Collaboration. [2303.08666]
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Search for exotic (pseudo)scalar

Interpretation of A’ — pu analysis as a search for ALP /scalar a produced in B — K®q decay:

|
o
=)

1
o
'S

|
o
©

-7.2

-7.6

Log10(BR(B - K™Ma) x BR(a - u*u~)), 90% CL

|
®
)

Tommas

T T T T T T T T
M,=220 MeV/c? M,=240 MeV/c? M,=260 MeV/c? M,=280 MeV/c?
[LHCb [LHCb
CHARM CHARM CHARM CHARM
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Figure: Resulting exclusion @90% CL for (pseudo)scalar a with mass M, and lifetime 7.
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Search for dark photons (A" — ee)

Bremsstrahlung production
i s T

=200 F A6Z Pralimitiar ry €
Search strategy: P N
- o
® cTe™ vertex reconstructed in optimized FV; 10t X
® primary production vertex close to TAX. g
Event selection: lozLﬁ_
o
® oood quality tracks with timing in =
coincidence with each other and the trigger 0 = A 100,_,>J
o , , =20 0 20 40 60
® optimized particle ID with LKr and MUV3 Ztax [M]
® 1no in-time activity in LAV and ANTIO Figure: Signal MC and definition of control (CR) and signal
ions (SR) for A’ .
® extrapolation of di-lepton momentum to TAX - regions (SR) for A" ce
definition of signal region (SR) in terms of ® SR:
primary vertex location: CDArax and zrax ellipse centered at zrax = 23 m, CDArax = 0;
® both SR and CR kept masked during the
analysis
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Search for dark photons (A" — ee)

e e e LA o B B e o o o S

500C ¢ Fiducial volume "
Upstream o
‘£ 400 . . x
E OCRw™ = e x
23005 o Bl
§200} g;R . LR XXy Condition Nexp £ 6 Nexp 1—1n
100& ete” PID 59.9 +£ 6.7 -
E b 2 *e~ PID, LAV & ANTIO | 0.72+0.72 | 0.012+0-020
95" "0 €€ ) : : 912 6 008
ete” CR 0.51£0.51 | 0.008%99:8
Figure: Data no LAV/ANTIO, CR/SR closed. T T0.018
ete™ SR 0.47 £0.47 | 0.0081001%

A A AL N A o

500F ¢ Fiducial volume .

—a00b vesteam & %, - ] Expected number of events in CR and SR:
ETVNE * LI B E
£ A e NCR _ 40.049
53000 gt e s Npig = 0.0097 5500 90%CL
s x . . b E
<o00F ., 2GR - J ° SR __ +0.049
5 x o NER = 0.0094+0:049 90%CL
1001 A s e 3
SR oy * ]
oLt L O L [ P B |
9500 50 100 150 200 250

Zrax [m]
Figure: MC no LAV/ANTIO, CR/SR open.
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Search for dark photons (A" — ¢¢)

0 events observed in CR and SR:
w1072

w 1072

T T T
T T T T 90% CL UL
Previous results
—— NA62 A’ I, obs.
----- NA62 A’ I, exp.
A1l exp. 1
A=l exp. 2
——- NA62 A’ -y, obs.

1073

TR TTTTR R

Q Q

1074

90% CL UL

10_4? Past experiments E
F —— NA62 A’ - ee, exp. ]
10-5 _ A’ - ee, exp. £1lo 10—6

A’ - ee, exp. £20

1 108l C Ll
NA62 Preliminary] 10! 102 103

1 1 1
1 2 3 4
10 10 10 Mi(r)[MeV/cz] MA/ [MEV/CZ]

Figure: Final result with upper limit @90% CL.

Figure: Resulting exclusion @90% CL from combined results
of pp and ee analyses.
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Search for A — up - backgrounds details

Combinatorial background: Prompt background:
® background from random superposition of two ® background from secondaries of muon
uncorrelated halo muons; interactions with the traversed material (hadron

® selected single tracks in a data sample photo-production);

orthogonal to the one used for the analysis; ® muon kinematic distributions extracted from

® track pairs are artificially built to emulate a selected single muons in data (backwards MC);

random superposition; ® to correct the spread induced by the
backward-forward process (straggling, MS), an
unfolding technique is applied to better
reproduce the data distributions;

® cach track pair weighted to account for the 10
ns time window — independent on the
intensity;

e powerful statistical accuracy from ® relative uncertainty of MC expectation ~ 100%.

combinatorial enhancement;
Prompt background negligible with respect to combinatorial (UL @90% CL is 30% of

combinatorial)
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Search for A — up - backgrounds details

AT of the tracks suggests two types of background mechanisms
e H

250 5

4
200 1 N

| 1

\ 1

150 prompt._background

Events/ [ns]
T
I 7/
Events/ [ns]
@
TTTT
— ]

w

combinatorigl

background - [ |
100 >

N

vz
|

oL i :
9175””—0 \\_5\\\\0\\\\5\\ 10””15 9]5\\\\70 \75\\\\0\\\ . “10””15
AT [ns] AT [ns]
Figure: AT before LAV veto is applied (CR, SR masked). Figure: AT after full selection (CR, SR masked).
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Search for A’ — pp - details on observed event

® invariant mass: my, = 411 MeV wz"“; i ) * | 1
£ | £ |
® time difference: AT = —1.69 ns ‘ F 1
® momenta: 1°; Fﬂr T ‘ ‘ |
® P(u) =995 GeV/e g : w
° P(/’L_) = 39'6 Gev/c *:5 *O’_JJ—‘ -5 ‘ H—Llo 15 >:5 -0‘ ‘ -5 : ‘ 0 15
AT [ns]

® 2py = 157.8 m < ol

e CDApv = 382 mm Sl
® zrax = 17 mm “%OO F
® E/p(u™) = 0.008 ool
* E/p(p~) =0.018 1
“ :
200 4‘0 600 800 10‘00 1200

£
M, [MeV/c]
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Search for A" — uu - selection efficiency and signal yield

Meson-mediated production:

w1074

w1074

500 600 700
M [MeV/c?1

—— 2.3 events

0.00

500 600 700 0

Mar [MeV/c?]

Exp. events

Bremsstrahlung production:

wl1lo™

500 600 700 0.00

Ma [MeV/c?]

w1074 T T T T
— 2.3 events

e
v

,_.
o
Exp. events

e

500 600 700
Mar [MeV/c?]
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Search for A’ — ee - background details

Background before LAV veto (SR and CR masked)

Combinatorial: 2 — =
2 0.6F fed oo
® Same technique as for pu - negligible: 505: C e
3 0.5F — ute
Nexp <9 x 1074 2 F H 8
S 0.4
Prompt: 3 osF
® Dominating for ee. Expected number of events 0_25_ -
estimated using rejection factors n for LAV, , L[]
ANTIO, CR, SR obtained from dedicated MC. t - | L_I‘l_E _l:| |_|
o= - -5 5 10
AT [ns]
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Search for A’ — ee - selection efficiency and signal yield

Meson-mediated production:

w 1072
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10-4 0.08
0.05
1076
0.03
400 600 000
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w1072 x : : 15.0
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400 600
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Tommas aro (LNF)

Bremsstrahlung production:

w 1072 T T

1074
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-8
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MC: DP (Brems) — w7~

—10712 w w ——— <1077 \ \ — 30 e
S Bremsstrahlung production: & = 10° > Bremsstrahlung production & Bramestraniung production
] sra o) =14 4 910 ] At 19} Aesaning
S10-1¢ g 2 Ji02g 3 .
l_;( 106 § Lz( % 2207 L =]
10716 , ® a = T
107 5 1038 S RN
10718 02 ® top . ]
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10-20 imj 106 10-¢ ol ... NAGZ Preliminary]
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Figure: Left: expected yield after full selection, assuming € = 10”% and BR = 1. Center: acceptance for events that reached
the FV and decayed therein. Right: Mass resolution of the reconstructed new-physics state.
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