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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, LEFE&NV, etc.);
. See talks by A.T. Akmete and R. Fiorenza, 18/7
->  Sensitive to low masses at MeV - GeV scale and low couplings accessible (large statistics)

- Dark Sector (SM-DM) portals typically probed:

NP particle type SM portal (dim<5) | PBC Decay channels (m S 1GeV)
HNL (N)) fermion F (L H)N, 6-8 xl, KC, €L
dark Higgs (S) scalar (uS+ IS HTH | 4-5 et 27, 47, 2K

(C/A) aVWT/W 9,11
(C,,1A) 0 af y*yf

dark Photon (A”) vector = (e/2cos0 ) F | B#| 1-2 e 2, 3, 4, 2K, 2K

axion/ALP (a) pseudoscalar vy, £€ 2wy, 3m, 4z, 271, 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, LEFE&NV, etc.);
See talks by A.T. Akmete and R. Fiorenza, 18/7
->  Sensitive to low masses at MeV - GeV scale and low couplings accessible (large statistics)

- Dark Sector (SM-DM) portals typically probed:

NP particle type SM portal (dim<5) | PBC Decay channels (m S 1GeV)
HNL (N) fermion Fal( LaH) NI 6-8 xt, K¢, 51521/
dark Higgs (S) scalar (uS+ IS HTH | 4-5 et 27, 47, 2K
(C/A)aV Vi 9 11
axion/ALP (a) pseudoscalar e '1 . yy, tf 2my, 3m, 4x, 271, 2K
(C,/A) 0 af y'rdf
dark Photon (A") vector = (e/2cos0 ) F | B#| 1-2 et 2m, 37, 47, 2K, 2Kx

Two type modes for NP particle searches at NA62 Experiment:
= Beam-Dump mode: Search NP particles into the Final States composed of SM particles;

- K mode: Search NP particles in SM particle decays.
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The NA62 Experiment

- TFixed-target experiment @ CERN North Area (SPS)

-  Main goal is to measure ultra-rare K" — z"vv decay with high precision;
the experiment additionally covers a broad Kaon and Beam-Dump physics program.

- Two data-taking period Run-I (2016-2018) and Run-II (2021-2025); Run-I paper: [HEP 06 (2021) 093; Run-II is
ongoing!
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https://doi.org/10.1007/JHEP06(2021)093

The NA62 Experiment in kaon mode

- 400 GeV/c primary p* beam collides Be target with ~10'? proton/s on spill; 75 GeV/c secondary beam
(~6% of K") selected using TAX collimators.
- K" (~5MHz) decay-in-flight in 60 m long fiducial volume (FV)?;

- K'tagged by KTAG and 3 mom. X [m]
determined by GTK; 2

= Decay products’ 3 mom. measured by :
STRAW; time measured by CHOD; | Targst KTAG GTK

PID given by LKr, MUV1, MUV2and | ‘
RICH; u-ID provided by MUV3; 1] | HASL
] D
- Photons can be vetoed by LKr and at | Decay :_T(cr e
large angles by 12 LAV stations or by Regen
SAC/IRC at small angles; T 10 200 250 Z'[m]

- Overall experimental time resolution reaches O( 100) ps

! The Beam and Detector of NA62 Experiment at CERN [[INST 12 (2017) 05, P05025].
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https://doi.org/10.1088/1748-0221/12/05/P05025

The NA62 Experiment in beam-dump mode - I -

X [m] MUVO
& "] STRAW CHOD
f LAV MUV1,2
i S FR Iron
RICHI Ml muv3
SAC
0 a1
-1 A
I IRC Dump
2 Decay
Region

T T T T T T T T T T T
150 200 250

Z ml
§ 1 Standard setup § 1 Beam-dump setup
[ N~ TS - _ _
= o — ) I '] TAX B TAX
] TAX closed !
o ¥ = a 0 ¥
] BilAg;p BicB2 i BlAgsp BicB2
1 1 -
T T T T T T T T
0 10 20 30 Z [m] 0 10 20 30 Z [m]
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The NA62 Experiment in beam-dump mode - II -

= reduced background from penetrating particles through improved sweeping from magnets downstream of the TAX;

=> increase proton beam intensity ~1.5xNominal;

£ Y [m
£ Beam-dump setup [m]
> 5 NA48-CHOD
1= i STRAW D
- TAX ] Vs LAV MUV1,2
] . ANTIO |ecen Iron
| No target II ll MUV3
1/ | ; Ill. sAc
0 — 0 CHANTI Vacuum T i
- e | RICH “
e | IRC
' -2 1 LKr
I I I I T T T T T T T T T T T T T T T T T T T T T T T T
L 50 100 150 200 250 7 [m]
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The NA62 Experiment in beam-dump mode - III -

=>  trigger lines for charged particles;

¢ QI/20:n_ >1in CHOD;
¢ H2n_ >2in-time in CHOD;

2> N, =(1.4£0.28) x 10" Protons On Target (POT) collected in 2021; target is N, = 10" during Run-1II;

-> NP searches into ee and g, two lepton final states using NA62 2021 BD data published?; today let’s look into
hadronic decays

Y [m]
: s
1 STRAW
] Veto LAV _\_‘—'—| MUV1,2
L] ANTIO iy
1 | RacH MUV3
1 ‘ SAC
0 1 : T
1] | RICH "“
_,—"—. IRC
2 LKr

50 100 150 200 250 Z [m]

2NA62 Collaboration [JHEP 09 (2023) 035].
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https://doi.org/10.1007/JHEP09(2023)035

The Signal Monte Carlo in the dark side

=> Various possibilities for exotic particle X: dark photon (DP), dark scalar (DS), axion-like particle (ALP), etc.;

model | production channels | decay channels
wtr™
a0
Bremsstrahlung 7t~ 070
KK~
bP KTK—7°
€ DP:Bremsstrahlung, P > Ay, V— AP . | TW‘O
— ight meson deca; Tt
V_ {Q/ w, ¢} & Y |
& DS: B*/—KH0#g I o
DS B meson decay m T n0n0
€  ALP: Primakoff (on-, off-shell); mixing with KTK-
— [0 ’ +0__, 1+0,(%) mtr Ty
P=iz’n '} B K ¢ Primakoff wta— a0
ALP | mixing (7°/n/n’) = mOn0
B meson decay mtr—n
KtK—7°

=  Various production mechanism and final states:

0

=> A total of 36 production and decay channel combinations studied.

What is the next? Maybe in another conference :)
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The Analysis Strategy

Selection criteria for two charged hadrons:

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

=  Selecting hadrons with PID by LKr and MUV1-3;
K" tagging by RICH

-  Noin-time activity in LAV, SAV and ANTIO

= Decay vertex reconstructed in fiducial volume.
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The Analysis Strategy

Selection criteria for two charged hadrons:

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

=  Selecting hadrons with PID by LKr and MUV1-3;
K" tagging by RICH

-  Noin-time activity in LAV, SAV and ANTIO

= Decay vertex reconstructed in fiducial volume.

Search strategy:

>

Using time and opening angle, reconstruct z°, y, and 7 by checking
neutral LKr clusters.

Exotic particle reconstructed from the decay vertex and
backward-extrapolation to the TAX and definition of signal region

(SR) in terms of primary vertex: CDA,, vs Z . .
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The Analysis Strategy

Selection criteria for two charged hadrons:

- 2good quality tracks in coincidence with each other

and the trigger

=  Selecting hadrons with PID by LKr and MUV1-3;

K" tagging by RICH
-  Noin-time activity in LAV, SAV and ANTIO

= Decay vertex reconstructed in fiducial volume.

Search strategy:
=  Using time and opening angle, reconstruct 70, y, and 5 by checking
neutral LKr clusters.
-  Exotic particle reconstructed from the decay vertex and
backward-extrapolation to the TAX and definition of signal region

(SR) in terms of primary vertex: CDA,, vs Z . .

Zrax [m]

— 200 — ~ Signal MC: = . e ege . .
E 180F ] y- - £ A’(Bremsstrahlung)—m*nil E A’ — m*m signal MC and definition of signal and control region
= B Production: ¢, = 10 103
é 160;_ Decay: BR(A'—»x*7) = 1 § 10 1;
<D(|— 140 :_ . R Flat“decay in FV (TA'_TM) ] £
o iég; EH i Adipg|| 2 SRACDAL, Zp,t={0mm,23.07 m} with semi-axes 40 mm
805; ] E on CDA,,and23mon Z,,,.
L5 = C
60 10 :>j 2> CR:CDA[,,<150 mmand-7m<Z_,, <53 m
40
20 Nt ;
20 0 20 40 60 8 100 :

=  During the analysis, both SR and CR were kept masked.

Samet Lezki (MPP) 42" International Conference on High Energy Physics Prague, July 20, 2024 Page-9




The Background overview

Just after masking SR and CR and lifting vetoes, two zzw events observed in data!
=> 1 event with vertex upstream of FV, vetoed by

= 1 event with vertex in FV, not vetoed by ANTIO but vetoed by

Samet Lezki (MPP) 42" International Conference on High Energy Physics Prague, July 20, 2024 Page-10



The Background overview

Just after masking SR and CR and lifting vetoes, two zzw events observed in data!

= 1 event with vertex upstream of FV, vetoed by ANTI0
- 1 event with vertex in FV, not vetoed by ANTIO but vetoed by LAV

Background estimation with MC:

- Combinatorial & neutrino induced BKG: negligible contributions
= Prompt BKG: y-halo inelastic interactions with negligible contributions

= Upstream BKG: Consisting of particles collected by the GTK achromat
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The Background overview - Prompt -

-> Estimation based on data-driven backward MC of u-halo, and correct kinematics through unfolding
=  MC statistics correspond to N, =1.53 x 107 > data statistics
= nx outside CR, with ANTIO acceptance, but no vetoes applied:

® N _=18+14vsN_ =1;
with vertex upstream of FV;

® N —020+015VSN =1;
w1ti‘)1 vertex in FV;
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The Background overview - Prompt -

-> Estimation based on data-driven backward MC of u-halo, and correct kinematics through unfolding
=  MC statistics correspond to N, =1.53 x 107 > data statistics
= nx outside CR, with ANTIO acceptance, but no vetoes applied:

® N _=18+14vsN_ =1;
with vertex upstream of FV;

® N —020+015VSN =1;
w1ti:1 vertex in FV;

- After applying full selection criteria
Prompt BKG from CR & SR
Nexp< 10 for all channels
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The Background overview - Prompt -

-> Estimation based on data-driven backward MC of u-halo, and correct kinematics through unfolding

> MC statistics correspond to N,

=1.53 x 10" > data statistics

= nx outside CR, with ANTIO acceptance, but no vetoes applied:

® N _=18+14vsN_ =1;
with vertex upstream of FV;

® N —020+015V5N =1;
Wltiil vertex in FV;

- After applying full selection criteria
Prompt BKG from CR & SR
Nexp< 10 for all channels

Samet Lezki (MPP)

Table: Summary of expected number of prompt background events at
68% CL for all studied decay channels in CR and SR after full selection.

Channel Nexp,CR + 6Nexp,CR Nexp,SR s = 6Nexp,SR
ata~ (5.713%%) x107° (5.512%% x 107°
atry (1.77%2%) x 1075 (1.67%2) x 1075
ata~ O (1. 34r 2y x 1077 (1. 2+ 2)x 1077
ate~x%x% | (1. 6+7 j) x 1078 (1. 6+7 j) x 1078
atn Ty (7. 3ﬂr27 20 52 168 (7. oJr26 .2) x 1078
KTK~ (4. 7+15 =5 % 10" (4.61“38 ) x 1077
KtTK~n° (1.6‘_*‘?3) x 107° (15755 5 10—

4274 International Conference on High Energy Physics

Prague, July 20, 2024
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The Background overview - Upstream - I -

In the control samples (no veto by ANTIO), 3 subcomponents observed inthe Z ,_-m__plane;
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The Background overview - Upstream - I -

In the control samples (no veto by ANTIO), 3 subcomponents observed inthe Z ,_-m__plane;

Samet Lezki (MPP)

. x10°
E =
1 =
.E. 80 = d’ FV end i n*7’(y) data control sample
|>_< N events not vetoed by ANTIO
T 160~
= i Ks
- o —> <&
1401 .
120 .
r ¢\FV beginning
100 | ¢/ o g% o P e ‘e o ° .
| Upstream region

PR SN SN S TN S T T I S S TN T AN T S S T ST S T AN ST S
8900 300 400 500 600 700 800
m...., [MeV/c?]
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 Kg 30 mass window.
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The Background overview - Upstream - I -

In the control samples (no veto by ANTIO), 3 subcomponents observed inthe Z ,_-m__plane;

. . 3
- 19 upstream interactions; z x10
£ 180 - -
— - J/FV end P n*n(y) data control sample
|>_< N events not vetoed by ANTIO
-> 2K5—>J'E+j'5'; N 160 -
F L. B¢
140 - .
-> +_y atoto- C e ,
8 K T 120f- -
r ¢\FV beginning
100_ ¢/ o g% o P e ‘e o ° .
| Upstream region

PR SN SN S TN S T T I S S TN T AN T S S T ST S T AN ST S
8900 300 400 500 600 700 800
m...., [MeV/c?]
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 Kg 30 mass window.

Samet Lezki (MPP) 42" International Conference on High Energy Physics Prague, July 20, 2024 Page-12



The Background overview - Upstream - I -

In the control samples (no veto by ANTIO), 3 subcomponents observed inthe Z ,_-m__plane;

. . 3
=> 19 upstream interactions; g x10
Vetoed by ANTIO! -E- Lol B J,FV end m*m'(y) data control sample
|>_< N events not vetoed by ANTIO
-> 2K8—>j17+j17'; N 160 o
+ + 2 B . S«
m,_+ 30 (+5.7 MeV/c”) kept masked 140 .
2> 8K —-aaw g -
6 identified as #'7” and 2 77"y i AN ev beginning |
100_ ¢/ o g% o P e i 4 ° ° .
| Upstream region

PR SN SN S TN S T T I S S TN T AN T S S T ST S T AN ST S
8900 300 400 500 600 700 800
m...., [MeV/c?]
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 Kg 30 mass window.
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The Background overview - Upstream - I -

In the control samples (no veto by ANTIO), 3 subcomponents observed inthe Z ,_-m__plane;

. . 3
=> 19 upstream interactions; g x10
Vetoed by ANTIO! -E- Lol B J,FV end m*m'(y) data control sample
|>_< N events not vetoed by ANTIO
-> 2K8—>j17+j17'; N 160 o
+ + 2 B . S«
m,_+ 30 (+5.7 MeV/c”) kept masked 140 .
2> 8K —-aaw g -
6 identified as #'7” and 2 77"y i AN ev beginning |
100_ ¢/ o g% o P e i 4 ° ° .
| Upstream region

oo b by b b b
8900 300 400 500 600 700 800
m...., [MeV/c?]
L] + L) .
A dedlcated MC fOI‘ K -1nduced BKG 31mulated Figure: Events not in ANTIO acceptance or not vetoed by

using selected K* tracks which are forced to ANTIO in ZvTx N invgria.,nt mass plane. Solid lin.es indicate
the FV. Dashed lines indicate the Kg 30 mass window.

decay as K* — &*a*n in the FV
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The Background overview - Upstream - II -

-  Qutside CR/SR before ANTIO acc.; Nexp:

Channel | Nexp £ 0Nexp | Nobs
Tt~ 5.6 + 2.8 6
ntrTy | 2.441.2 2

->  Qutside CR/SR after ANTIO acc,; Nexp:

Channel | Nexp £ 6Nexp | Nobs
ata~ 0.68 + 0.34 1
atn~~ | 0.31 £0.16 0

-> Inside CR & SR; Nexp:

—2

II[IIIII[IIIIII'IIIII

]
Hcr N, =0.068

Channel Nexp,CR + 6Nexp,CR, Nexp,SR + 6Nexp,SR,
T 0.013 £ 0.007 0.007 &= 0.005
7r+7'r—’y 0.031 £ 0.016 0.007 £+ 0.004

Samet Lezki (MPP)

4274 International Conference on High Energy Physics

K—r*n*n” MC (N scaled to data)

#*m and n*7y final states
no LAV and ANTIO veto

Zrax [M]
Figure: Negp from K3, in the primary vertex Z and
CDA plane before applying ANTIO acceptance.

Prague, July 20, 2024

=> Additionally, simulations for K, & Ky .

decays performed; negligible contributions
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The Background overview - Total -

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

Channel | Nexp,cR & 6Nexp,CR | Nexp,SR £ 0Nexp sk | Noousr | Noowor4CR
ntm 0.013 4 0.007 0.007 & 0.005 3 4
mtm Ty 0.031 £ 0.016 0.007 4 0.004 3 5
atn 70 (1.3t75) x 1077 (1.2778) x 1077 1 1
atr—x0r0 | (1 6+76) x 1078 (1.67]7) x 108 1 1
ntrn (T3 210N % 10~8 (7.0725%) x 1078 1 1
KtK~ (4 7+157) % 10~7 (4 6“52) x 1077 1 2
KtK—7° | (1.6733) x 107° (1.5733) x 1079 1 1

Samet Lezki (MPP)

4274 International Conference on High Energy Physics

Prague, July 20, 2024

Page-14



The Preliminary Results

BC4: Dark Scalar BC11: Axion-Like Particle
' ' " 7] Bci190%cLuL
Past experiments3
NA62 a - hadrons:
—— observed
— zxlo
*20

)

o
&
T

Coc/N [GeV™]
[
o
>
T

=
o
4
T
1

1077¢ BC4 90% CLUL 3
o Past experiments

[ NA62 S - hadrons : i r ]
10-8L —— observed 4 10-8E D -
E — zlo 3 E E
H +20 ] K ]

10—95‘ NA612 Preliminarys 10‘95— mi.| |my my [NA62 Preliminaryj
107 10° 2x1071 10° 2 x 100
ms [GeV/c?] m, [GeV/c?]

- 0 events observed in all signal and control regions.

- For the combination of results from individual production and decay channels, the ALPINIST® has been used.

- No standalone 90% CL exclusion for BC1: Dark Photon.

3 ALPINIST: Axion-Like Particles In Numerous Interactions Simulated and Tabulated [JHEP 07 (2022) 094].
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https://doi.org/10.1007/JHEP07(2022)094

The Conclusion

=  Preliminary result from the NA62 experiment in beam-dump mode on the search for an exotic particle's
production and decay have been presented:

€ Conducted a blind analysis until the opening of control and signal regions.
€ No evidence of new physics signals

€ NA62 set 90% CL upper limit and new regions of dark scalar and axion-like particle parameter
spaces have been excluded.

=>  Search for exotic particles decaying into semi-leptonic or di-gamma final states are in progress.

-  Ongoing data-taking: new sample, ~ 2.4 x 107 POT, already collected in 2023 and 10'® POT in
beam-dump mode expected by the LHC LS3 with interesting perspectives on the searches of dark
photons, ALPs, dark scalars and HNLs.
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The Sensitivity

X—m'nw; Model-Independent approach;

) xpp_}X(Cref): X production probability for ref. coupling
> BRX-a'm)=1 P_: Probability to reach and decay in FV
> | NyoWMy, I) = Npor xx,, x(C ) x P yx A, * A A, ¥ Ay, Signal selection and trigger efficiency
S0 g ey 1077 T D e R (I As A A RAARERRARS
() BR(S -1+ 1-) =1é 10° v o] L0 * L b Sontn- .
O 1014 3 0|9 10714 ol 3 ]
3 3 -39 L <
10-16 l ‘ E 1) 10-16 i n m &
: {100 © 1048l & L
= ol 10 - S
10718 E -é 10-3W 10718 10-5® r g
ol NAG3 Preliminardll; - ok vill s et 1. . NAG3 Preliminary,
10 0.5 1.0 1.5 2.0 2.5 3.0 10 A 2.0 2.5 3.0 10 0 0.5 1.0 1.5 2. D 3.0

Ms [GeV/c?]

Number of expected S — 77" events
after full selection

where g =10"*and BR=1

Ms [GeV/c?]

Acceptance of full selection

for an exotic decay in the FV

0 2 :
Ms [GeV/c?]

Mass resolution

of the reconstructed exotic

Samet Lezki (MPP)
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The Search for dark photons (DP)

Model of DP A’ with kinetic mixing with the SM hypercharge: £ D —WF o 2 LS
w

Two DP production mechanisms in the beam-dump setup (in TAX):
® Bremsstrahlung production: p+ N — X + A’
® meson-mediated productlon p—l— N — X +M M — A +'y( ) where M € {7r 1)y Py W, . }

w 10 25 7 | L7 ™™ W 10 25 L =i L
E 90% CLUL : 90% CL UL :
10—3E Past experiments 3 107°F Past experiments 3
By cs NAI8 BaBer —— NAG62A' 11 BN Aoy NA8  BaBar —— NA62A' -1l
10“‘E Eld1 LHCb A’ {1, brems. 3 10‘45 TE141 LHCb Al = ee E
i i A’ 1f, meson 1 ; e K1 === Al- ]
1075 = 1073 2 EE =
106 3 10 1
E137 i E137 ]
1077F CHARM 1 1077F CHARM E
: LSND NuCAL : : LSND H NuCAL E
-8l - -8 -
107°§ SN1987A ; 107°% SN1987A
1077 101 102 103 10 107 101 102 103 104
My [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 10'7 POT.
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The Search for dark photons (A" — uu)

= B0 -
€ 03 £
Search strategy: "% 501 P
= - 025 ¢
® " u~ vertex reconstructed in FV; :ot) adr -
5 02 o
® primary production vertex close to TAX. - *%
: ey 015
Event selection: - 52
® good quality tracks with timing in 20 01 2
coincidence with each other and the trigger . - &
® particle ID with LKr and MUV3 :
0,
® no in-time activity in LAV =20 =10 6 10 20 80 40 S0 60 70

Zipx [m]
® extrapolation of di-lepton momentum to TAX - Figure: Signal MC and definition of control (CR) and signal

i SR) for A’ .
definition of signal region (SR) in terms of regions (SR) for A" = pup

primary vertex location: CDATax and zrax ® SR: 6 < zrax < 40 m and CDAT1ax < 20 mm;

® both SR and CR kept masked during the
analysis
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The Search for dark photons (A" — uu)

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

TalTy
g 500 I0 0025 g Nexp = 5Nexp Nobs PN>Ngps | PL<Lps
% T outside CR | 26.3+3.4 | 28 | 0.41 0.74
Zo'; 400 o002 E OCR3 170 +0.22 | 2 0.25 0.25
> OCR2 0.58 +0.07 | 1 0.44 0.44
300 | €
0.0015 § OCR1 0.294+0.04 | 1 0.50 0.68
L
200 . OCR1+2+3| 2.57+0.33 | 4 0.26 0.24
CR 0.17+0.02 | 0 1.0 1.0
100 0.0005 SR 0.016 +0.002| - - -
050 0 50 100 150 200 550 0 ® probability to observe 1 or more events in SR
Zax [M] is 1.59%

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

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

CDA,y [mm]

— — 60 —_
€ € I IS
5 = = C 0.0012 £
0.0025 ny = _AF o~
: % 90 X
X [ Ji _0001 E

4 E < L
—0.002 _~ 8 a0C =
— F —10.0008 o
2 - =
300 0.0015 € C =
o 301~ —10.0006 ®
: B8 C ©
200 | : u =
| : B:001 20— ~10.0004 2
| &= ; C ®
100 - 0.0005 10— 0.0002

%o 0 50 100 150 200 250 ° 9% 10 0 10 20 30 40 50 60 70
ZTAX [m] ZTAX [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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The Search for exotic (preudo)scalar

Interpretation of A’ —

p analysis as a search for ALP/scalar a produced in B — K®)a decay:
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Figure: Resulting exclusion @90% CL for (pseudo)scalar a with mass M, and lifetime 7.
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The Search for dark photons (A" — ee)

Bremsstrahlung production

g0 T NAGZPreTmnary]] €
Search strategy: £ P ey s SRR s e Ln
=150F — Al a0
® ¢Te~ vertex reconstructed in optimized FV; % I 1[110* X
< [
® primary production vertex close to TAX. g 100 E
Event selection: = : 1104
50 ..
® good quality tracks with timing in A2 =
coincidence with each other and the trigger o Ecs 1000
o _ , =20 0 20 40 60
® optimized particle ID with LKr and MUV3 Zrie [
® no in-time activity in LAV and ANTIO Figure: Signal MC and definition of control (CR) and signal
i SR) for A’ \
® extrapolation of di-lepton momentum to TAX - SEERR S e i
definition of signal region (SR) in terms of s 5R:
primary vertex location: CDAtax and zTax ellipse centered at zrax = 23 m, CDATax = 0;
® both SR and CR kept masked during the
analysis
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The Search for dark photons (A" — ee)
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Figure: MC no LAV/ANTIO, CR/SR open.
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The Search for dark photons (A" — {f)

0 events observed in CR and SR:
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Figure: Final result with upper limit @90% CL.
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The Search for dark photons (A" — uu) - background -

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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The Search for dark photons (A" — uu) - background -

AT of the tracks suggests two types of background mechanisms
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Figure: AT before LAV veto is applied (CR, SR masked). Figure: AT after full selection (CR, SR masked).
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The Search for dark photons (A" — uu) - observed event -

® invariant mass: m,, = 411 MeV
® time difference: AT = —1.69 ns

® momenta:

® P(ut)=199.5GeV/c
® P(u~)=239.6GeV/c

® >pyv = 157.8 m

¢ CDArv = 382 mm
® zrax = 17 mm

e E/p(u™) = 0.008
® E/p(p~)=0.018
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The Search for dark photons (A" — uu) - selection efficiency & signal yield -

Meson-mediated production:
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Bremsstrahlung production:
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The Search for dark photons (A" — ee) - background -

Background before LAV veto (SR and CR masked)

Combinatorial: @ - -
; 0.6 of...... e [
® Same technique as for uu - negligible: 5 osb | - tez |
Nexp < 9 x 1072 5 e &
S 04
Prompt: E oak
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ANTIO, CR, SR obtained from dedicated MC. ] - |—| oy W |—-|_| |
T B 5 10
AT[ns]
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The Search for dark photons (A" — ee) - selection efficiency & signal yield -

Meson-mediated production: Bremsstrahlung production:
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The MC: DP(Brems) — z'*n”
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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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