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Introduction
0000000

The

dark sector: introduction

Dark matter: it is there, but very little is known about it! What is it?

Where did it came from?

"WIMP miracle:” electroweak scale
masses (~100 GeV) and DM
annihilation cross sections (10736
cm?) give correct dark matter
density / relic abundances

(ppar = 2-10727kg/m?3). No need
for a new interaction!

Intense experimental program
searching for a signal in this mass
region. So far, no positive evidences
have been found.

What about light dark matter, in
the mass range 1 MeV + 1 GeV?
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0e000000
The dark sector - cosmological prior
Cosmological hypothesis: dark matter particles were in

equilibrium with the primordial thermal bath in early Universe.
Reaction: y+x < f+ f

Thermal history: %_;x\ T “‘
. . o} ~Oxx e f+ ;
o Early Universe: high-T, '“‘i ‘\XX r+r 1
relativistic regime. Both reactions > 100 n o T:s\\ 7 :
. 2 0} Increasing <g,v> J
(+ and —) were permitted “lpit | \ ; 1
& \ v !
o As Universe expands and cools g oF \\* -- --1
o 10

down (T < my), only the — E 10 : \ v “
reaction occurs. DM number Z ony \_1
density is exponentially i \ v 1

o 10 .
suppressed: Boltzmann regime E rr \"=-- - “
- , S e} N o
. Eventually, DM partlcl.es. can't ook poce MWy x> f+T
find each other to annihilate 10 p \ 1
further, thermal equilibrium s bae ol

breaks: freeze-out L " ;

x=m/T (time —+)
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0e000000
The dark sector - cosmological prior
Cosmological hypothesis: dark matter particles were in

equilibrium with the primordial thermal bath in early Universe.
Reaction: y+x < f+ f

Thermal history: o f—ru_ Y
o If annihilation cross section is too m"i \‘\XX of+s 1
high (too small), DM particles 5 10 — T:‘\\ T
would survive for a longer 2 f \ Ry
(shorter) in equilibrium in the - m.; | ' , l
Boltzmann regime, resulting in a 8 ronf \ 1
lower (higher) density at present o I %]‘

o Observed relic abundance g::f \ v 1
requires: E,u«{ \ - ' i
~2.10~26 ~ri—3c—1 S ol \ ]

<O—1i>ann ~3-10 cm s 10 : n o 67}”/T\w ";‘Xy — f + ? ;

o This number corresponds to the 0 \ 1
scale of weak-force cross :z:i T W
sections : " 2o £

x=m/T (time —+)
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Introduction
[e]e] lelelele]e]

The dark sector - particle physics prior

WIMP miracle: weak-scale DM particle interacting with SM
through weak force reproduces the presently observed DM relic
density.

If DM is made of WIMPs, no necessity for new interactions.

b I

TeV)2

(ov)wimp ~ 3 x 107 %cm®s™*
ey

Successful thermal freeze-out for weak scale-masses and cross sections
o Predicts direct-detection cross section

o Driven main experimental efforts so far in the DM field
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The dark sector - particle physics prior

WIMP miracle: weak-scale DM particle interacting with SM
through weak force reproduces the presently observed DM relic
density.

If DM is made of WIMPs, no necessity for new interactions.

X f

W,z

Te\/)2

{ovywimp ~ 3 X 10" 26cm3s 1 (
My

Successful thermal freeze-out for weak scale-masses and cross sections
o Predicts direct-detection cross section
o Driven main experimental efforts so far in the DM field

So far, no clear WIMP signals. Where to look next?
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The dark sector - particle physics prior revisited

« WIMPs are natural DM candidates if DM has ~ O(1)
coupling to SM through the EW force

o Sub-GeV scale arises if the coupling is <« 1 — search for
sub-GeV Light Dark Matter

A light WIMP does not reproduce the correct relic abundance:

x f
] TeV\”
{ov)wimp ~ 3 X 107 %em3s! (—)
my
X f
If my, ~1 GeV, (00) ., K (TV),ctic

A new SM-DM interaction mechanism is necessary.
Different mechanisms are possible - in the following, I'll focus
on the so-called “dark-photon” hypothesis.
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The dark sector - dark photon prior

>|

® Model parameters:
107% ¢

o Dark photon and dark matter
masses (sub-GeV)

o A" — x coupling ep ~ 1

o A" — SM coupling via kinetic E

1079 ¥

10710 £

(my/m )t

101 F

i Lo
mixing, ¢ < 1 |
=
1013 £
® Annihilation cross section reads:
e“apmy E“)a,;mi 1 oy 1071 g ap =01
<O—/U> x m4 = 7714 ] m2 = TY;,Z 5
Al A’ X X 101 - . .
107 1072 107! 1
my,GeV'

For a fixed m, value, the thermal origin hypothesis imposes a unique value of y
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Light dark matter searches at accelerators

o Dark Matter direct detection experiments, typically optimized for M, > 1 GeV,
have a limited sensitivity in the sub-GeV range
o Er o< v?M2/My, v~ 220 km/s ~ 7-10~c (Try to derive this yourself!)
o Many ongoing efforts to overcome this limitation

Latest XenonlT WIMP results - 1805.12562
ER > 5kVyp, My ~ 122 GeV
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Introduction
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Light dark matter searches at accelerators

o Dark Matter direct detection experiments, typically optimized for M, > 1 GeV,
have a limited sensitivity in the sub-GeV range
o Epx v2M§/MN, v =~ 220 km/s ~ 7-10~%c ( Try to derive this yourself!)
o Many ongoing efforts to overcome this limitation
o LDM-SM interaction cross section at low energy has a sizable dependence on the
impinging particle velocity, with a drastic reduction for specific models

A" Mediator, m = 3m,
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Light dark matter searches at accelerators

o Dark Matter direct detection experiments, typically optimized for M, > 1 GeV,
have a limited sensitivity in the sub-GeV range
o Epx v2M§/MN, v =~ 220 km/s ~ 7-10~%c ( Try to derive this yourself!)
o Many ongoing efforts to overcome this limitation
o LDM-SM interaction cross section at low energy has a sizable dependence on the
impinging particle velocity, with a drastic reduction for specific models

LDM at accelerators

Accelerator-based experiments are
uniquely suited to explore the light
dark matter hypothesis: high intensity
/ high energy.

Eap(m, /my)*

Y

Complementarity is crucial!

1073 102 107! 1
m,,GeV
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Light dark matter searches at accelerators
In the past few years, many different and complementary programs

were proposed (and some already started) to search for LDM at
accelerators, looking both for LDM particles and for mediators

High intensity
colliders &

High-energy
colliders
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Introduction
0000000e

LDM production with lepton-beam experiments

Three main LDM production mechanisms in fixed-target, lepton-beam experiments
a) A’-strahlung

o (JJ\} & « Radiative A’ emission in nucleus
EM field followed by A" — xx
@ o Scales as Z%a%,,
a "’«
o Forward-boosted, high-energy A’
7 7 emission
105 Exact tree-level calculation: 1712.05706
| Doy
10} ke R e S
& [ DMimg ey
> 10
0 "
<
= | ORKK:my= eV
2 10°
A LM: 1, =100 MeV
)
% 10 GKKK: myi=100 MeV
3
IU”

-1

10
01 02 03 04 05 06 07 08 09
x=Ey/Ey 14/35



Introduction
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LDM production with lepton-beam experiments

Three main LDM production mechanisms in fixed-target, lepton-beam experiments
b) Non-resonant e*e™ annihilation

. {\H\' o e eTe™ — Ay followed by
A = xx

o Scales as Za%,,

(a) y
o Forward-backward emission,
AVG _ Eg M3
Z Z E4, *7(1+2m€E0)

M4 = 100 MeV Eo = 20 GeV

My = 25 MeV

]
\

J‘
/! ;
/ ‘ s/
|

. |
|
[

3
I

x10°

P O S T B
15 20

10
044 (rad)

15/35



Introduction
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LDM production with lepton-beam experiments

Three main LDM production mechanisms in fixed-target, lepton-beam experiments

c) Resonant e"e™ annihilation

o (JJ\} o o ete” = A = xx

o Scales as Zagm

(a) ~ o Closed kinematics:

Z Z o Resonant, Breit-Wigner like cross
section with M4 = v/2me.ERr

(=

M, = 150 MeV
M, = 50 MeV
a,=0.1
€2=15 10"

Cross section ( barn)
°
& N
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=

o
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S P P e o
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Invisible decay searches: passive
[ Jelele]

Light dark matter signatures

@  m B ()

visible invisible

secluded direct annihilation
o a2 i o 2 2
ov X ap : oV X €ap ov o< €Qp
1 1
i i
e I 2 Za
! >\Mi< ! >&h<
1 1
i i
X e VAVAVA VAV 44/ : X f\ : X ]L‘\

i |
1 1
! ! my
1 1
1 1
i i

I oo
1 1
i i
1 I
1 1
1 1
1 1
! I
(

@ mas < my: secluded scenario. Provides no thermal target for accelerator-based
experiments: any ¢ value is allowed.

@ my <mys < 2my: visible decay scenario (although off-shell x — X production
is allowed!)

@ myr > 2my: invisible decay scenario. 17/35



Invisible decay searches: passive
0@00

Fixed passive thick-target LDM searches: beam-dumps

Beam dump experiments: LDM direct detection in a e~ beam, fixed-target setup!
X production

o High-energy, high-intensity e~ beam impinging on a
dump

e X particles production: radiative A’ emission (both
on-shell or off-shell) / via ete™ annihilation

x detection

o Detector placed behind the dump, O(10-100) m

o Neutral-current x scattering trough A’ exchange, recoil
releasing visible energy

o Different signals depending on the interaction (most
promising channel: x — e~ elastic scattering)

O[D€4

Number of events scales as: N S
A

fk—— 10m ——— 10m —

e~ Dirt
_ X .

Beam Dump Detector

1
For a comprehensive introduction: E. lzaguirre et al, Phys. Rev. D 88, 114015
18/35



Invisible decay searches: passive
[e]e] o]

LDM production: thick-target effects

Thin target kinematics (on-shell A’):
o A’ emitted forward, E4 ~ Eq
e X beam forward peaked

e~ in the dump:

o Energy loss: x kinematics gets broader
o Secondary e~ /et are produced: more x
particles are emitted

To account for this:

AN Eo o do(Be)
ity X g, AE1 (Ee) dE

o “Traditional” approach: T = Xod(Eo9 — Ee)

o Correct approach: account for shower

development in the thick target.

o Evaluate T(E.) with MonteCarlo
(Geant4)

o Compute DM yield for each electron
energy

o Sum yields with weight T (E.)

- >
LBARLL B AL T

Zo
=]

Track length /X _ (GeV"'/incident electron)
3

Positrons

T R PN PR RO N P
702 040506 07

S,

)

X=EFE,

X energy distribution for Eg = 11 GeV
M = 10Q MeV, My = 10 MeV (arbitrary normalization)
x10

}E; i 1 No-Eloss
R\ E Ty
j“L Eiose l
E

10
X energy (GeV)
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Invisible decay searches: passive
[e]e]e] )

E137 at SLAC

ALPs search experiment, results »
re-interpreted as LDM search.

o Beam: 20-GeV e~ beam, ~2-10%° EOT
o Target: Water-filled Al beam dump

o Shielding: 179 m of ground (hill)

o Decay: 204 m of open air

Elevation (m)

o Detector: 8-Xy EM calorimeter + Drsance (m)
MWPC oy D
Beam  Target Dirt
Different production mechanisms have been o1 m, = 10Mev, ap = 0.1
considered: |

o First analysis focused on A’-strahlung
production mechanism
(Phys. Rev. Lett. 113, 171802 (2014))

v 103

104

1079
107

. 0
ma [GeV] 20/35



Invisible decay searches: passive
[e]e]e] )

E137 at SLAC

ALPs search experiment, results
re-interpreted as LDM search.

o Beam: 20-GeV e~ beam, ~ 2-102° EOT
o Target: Water-filled Al beam dump

o Shielding: 179 m of ground (hill)

o Decay: 204 m of open air

o Detector: 8-Xg EM calorimeter + \
MWPC e L

Beam  Target Dirt Detector

Elevation (m)

100

20
Distance (m)

Different production mechanisms have been o
considered: o

o First analysis focused on A’-strahlung
production mechanism
(Phys. Rev. Lett. 113, 171802 (2014))

o New analysis focused on secondary
positrons: new resonant production
mechanism ete™ — xx
(Phys. Rev. Lett. 121, 041802 (2018))

m, (GeVic?)
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Invisible decay searches: active
0000000

Fixed active thick-target LDM searches: missing energy experiments

Beam-dump experiments pay a penalty Ns o ¢* in the event yield:

production X detection

New approach: missing energy measurement - the active thick target is the

detector, Ns x &2

Missing Energy Experiments

® Specific beam structure: impinging
particles impinging “one at time” on
the active target

® Deposited energy Fg.,, measured
event-by-event

® Signal: events with large
Emiss = Ep — Edep

® Backgrounds: events with v /
long-lived (K1) / highly penetrating
() particles escaping from the
detector

Missing energy setup El < Eg

efle 1T
'

——t
Ei=Ep '=-!

Invisible
Tagger

Target/ECAL/HCAL
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Invisible decay searches: active
0@00000

NA64-e: setup

Missing energy experiment at CERN North Area, 100 GeV e~ beam?

E E Primary beam (¢
Experiment Setup 217
) S og/E ~0.1/VE
® EM-Calorimeter: 40X, Pb/Sc 2 E
Shashlik ot
£'0F :
Sk Hadron punchthrough (v/K)
102;
k| " A R R R
20 40 80 120
Energy deposited [GeV]

eﬂmmuggn

2Phys.Rev.Lett. 123 (2019) 121801
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Invisible decay searches: active
0@00000

NA64-e: setup

Missing energy experiment at CERN North Area, 100 GeV e~ beam?

Experiment Setup I

® EM-Calorimeter: 40X, Pb/Sc
Shashlik

® Hadron calorimeter: 4 m, 30 A\;

Brob
Constant

100 GeV 7~
punchthrough ~ 10~ 3

Sigma 2

L
500 1000 1500 2000 2500 3000 3500 4
sum of amplitudes

2Phys.Rev.Lett. 123 (2019) 121801
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Invisible decay searches: active
0@00000

NA64-e: setup

Missing energy experiment at CERN North Area, 100 GeV e~ beam?

Experiment Setup s F N i
g Sg,{“ ~ 107" --e- 750 GeV
® EM-Calorimeter: 40X, Pb/Sc g v ° — %100 Gev
Shashlik i
® Hadron calorimeter: 4 m, 30 Ay
® Beam identification system: SRD +
MM trackers °E
® Plastic scintillator counters for 1] TS
VETO / beam tagg|ng Energy deposited [MeV]

fmww£§n

2Phys.Rev.Lett. 123 (2019) 121801
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Invisible decay searches: active
[e]e] lelele]e]

NA64-e: backgrounds

Possible background sources: production of long-lived and highly penetrating
neutral SM particles upstream / within ECAL (neutrons, kaons)

(i) Di-muon events: eZ — eZuTp~, with
one or both muons decaying or
escaping without being detected by

BHCOIVSEC T cuts 17

VETO/HCAL. ';120 3 Enios 201361
. . . w Mean x 8213 by
(ii) Decay of mis-identified contaminating o i
hadrons to eve final state. 00/ SdDevx 8502
% SidDevy 1239
(iii) Electro- / photo-nuclear interactions w
with upstream beamline materials. &
Critical contribution, yield estimated
directly from data by side-band 60
extrapolation.
(iv) Hadron productions in the ECAL 40
undetected by VETO/HCAL.
. 20
Background yield for 2021-2022 runs
Background source Background, ny o .
(i) dimuons losses or decays in the target 0.04 £0.01 % 20 40 60 80 100 120
(ii) p,m, K — e + .... decays in the beam line 0.3+0.05 E [GEV]
(iii) lost y,n, K° from upstream interactions 0.16 £0.12 ECAL
(iv) Punch-through leading n, K2 < 0.01
Total n, (conservatively) 0.51£0.13




NA64-e: backgrounds

Invisible decay searches: active
[e]e] lelele]e]

Possible background sources: production of long-lived and highly penetrating
neutral SM particles upstream / within ECAL (neutrons, kaons)

(i) Di-muon events: eZ — eZuTp~, with
one or both muons decaying or
escaping without being detected by
VETO/HCAL.

Decay of mis-identified contaminating
hadrons to eve final state.

(i)
(iii) Electro- / photo-nuclear interactions
with upstream beamline materials.
Critical contribution, yield estimated
directly from data by side-band
extrapolation.

Hadron productions in the ECAL
undetected by VETO/HCAL.

(iv)

Background yield for 2021-2022 runs

Background source Background, ns

(i) dimuons losses or decays in the target 0.04£0.01
(ii) p,m, K — e + .... decays in the beam line 0.3+0.05
(iii) lost y,n, K° from upstream interactions 0.16 £0.12
(iv) Punch-through leading n, K2 < 0.01
Total n, (conservatively) 0.51+0.13

10

10

10

T T

T

BG central = 0.00828487
BG average = 0.00973047
BG error = 0.00615381

ProiX
Entries
Mean

188710
7722
1.802

1.499/2

constant 5.483e-13 + 1.859e-12

slope 0.4819 + 0.0489

/

e
/

/

/
rd
/

1
50 60 70 80

E_ [GeV]

ECAL
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le decay searches: active
[e]e]

NA64-¢: results

Latest results from NA64-¢

® Accumulated statistics ~ 1012
EOT

® After applying all selection cuts,
no events are observed in the
signal region Egcar < 50 GeV,
Encar <1 GeV

® Expected number of background
events ~ 0.5 compatible with
null observation

® Today, the most competitive
exclusion limits in large portion
of the LDM parameters space %
g
£
g | e
Q
3
U og0-12
]
= 10 13
10714 ap=0.1
10-15 . .

1
m,,GeV 28/35



NA64-¢: results

Latest results from NA64-¢

® Accumulated statistics ~ 1012

EOT

® After applying all selection cuts,
no events are observed in the
signal region Egcar < 50 GeV,
Encar <1 GeV

® Expected number of background
events ~ 0.5 compatible with
null observation

® Today, the most competitive
exclusion limits in large portion
of the LDM parameters space

In the large-mass region,

mas 2 100 MeV, the NA64-¢ yield -
and thus the exclusino limit - suffers
a penalty from the 073% oc 1/m?,
dependency. How to overcome this

limitation?

e decay searches: active
[e]e]

107!
,GeV
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Invisible decay searches: active
[e]e]e]e] lele]

POKER (NA64-¢™): POsitron resonant annihilation into darK mattER

A missing-energy, active thick-target, light dark matter search with positrons

M
% 1o ]
Why positrons? S1E 3
< F !
= £ Positron beam
Signal production reaction: ete™ — A’ — xx Bil i
= 3
o Large event yield: £ F ™. Electron beam ]
5 8107 =
Ngnnzhzl < ZaEM Vs O \\\ E
brem 2.3 g L =, ]
Ny < ZZagy Bl -
o Missing energy distribution shows a peak [ ]
M2 105 Positrons T(E) in a thick target a1
/ E =
around ER =3 A R I A B WS B U B
Me 10 20 30 40 50 60 70 8 100
E (GeV)
Thanks to the resonant enhancement, the use
of a positron beam allows to effectively explore 3025 L =
/ 2 W= e
the large A’ mass range (2 100 MeV) g | Mo=225MeV
4oz M, =250 MeV ]|
0150 M, =350 MeV ]
]
0.05]- e
- B e
E, [Gev] 30 /35




sible decay searches: active

[e]e]e]e]e]

POKER (NA64-¢t): current status

A first proof-of-concept measurement was
completed in 2022 (10'° ETOT at 100 GeV)

L20p e
i

Eica [GeV]

H

S

3
=
5

Goals: backgrounds study (higher beam hadronic
contamination), resonant production
characterization via the ete™ — pt ™ reaction,
extraction of the first upper limit with an analysis
optimized for resonant LDM production.

Experimental setup: as in NA64-¢™.

Analysis strategy: blind-analysis (signal-like region
Epcar <50 GeV, Egcar <3 GeV). T N R =

60 70
Ecea [GeV]

Main backgrounds:

o mt — etv. + fake-SRD tag

o Upstream hadrons electro-production, soft et
in ECAL S

o Overall yield: < 0.1 events.

2

Q

Results: no events observed in the signal region
after unblinding, new upper limits set to the LDM .
parameters space. 10-14 my =3m, ]

ap=0.1

v

107% 1072 107! 1
m,GeV 31/35



Invisible decay searches: active
000000

Fixed active thick-target LDM searches: missing momentum experiments

Missing-momentum search with a muon beam impinging on a
fixed target, complementary to e® searches in the high-mass
region.

Combined sensitivity of NA64-e (10'3 EOT) and

NA64-1 (2% 1013 MOT).
1077 ;

e Signal production: A’ radiative emission

by beam muons impinging on an active
target (ECAL).

1078
® Signal signature: well-identified
impinging beam track and final-state * 107
low-energy deflected track. No additional glo""
activity in downstream detectors (VETO \E/xl(}’“
/ hadronic calorimeters). §

=1 I

TAGGING TRACKER
ECAL

RECOIL
TRACKER
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Invisible decay searches: active
L o)

NA64—p: experimental setup

NAG64-.. experiment: muon beam missing energy + momentum search
Beam: M2 beamline at CERN SPS, 160

Z’ signal-like events for mz = 100 MeV

— 5 _ 7
GeV ™, 10 10 ,u,/s. %‘220~ Entries 362677 o
Detector: S, Mean x 31.24 4
2™ Meany 07526 o
o Two magnetic spectrometers, MS1 o Sbevy a6 MC 0
(impinging p) / MS2 (scattered p) g
o Three calorimeters: ECAL (active u*; m’
target), VHCAL, HCAL &

o Beam-defining plastic scintillator
counters

“0 920 10 160 180 200

Signal signature: P; ~ 160 GeV, Momentum @MS2 [GeV]
Py <80 GeV, Ecar, ~MIP.

Electromagnetic

spem:,g;ﬁi:r " calorimeter (ECAL) Ms2 Hadronic calorimeter (HCAL)
MBpL HCAL, HCAL,
160 GeV p- Yo Gem GEM Vet GEM E—
1% 5 "
st + = ——#H‘t. ~
ECAL HCAL GEM L I B T
Veto hadron 1 MM, 5, Sq

calorimeter (VHCAL) oo vic

spectrometer #2
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Invisible decay searches: active

NA64—p: status

Three test runs have already been

performed in 2021 (5X109 MOT), Source of background Level per MOT
2022 (5x10'° MOT), and 2023 (10! Hadron in-flight decay <10-"
MOT) Momentum mismatc'h‘ <1072
Detector non-hermeticity <10-"2
o First results from 2021 data Single-hadron punch through <10712
analysis: less than 1011 Dimuon production <1072
background events expected per Total (conservatively) <10~

MOT. No events observed in the
signal region.

o 2022/2023 data analysis in
progress.

Long physics run foreseen in 2024

-
$
3
&
8
2
£
s
2

e Detector optimization in
progress.

o Final goal: 10’2 MOT.

® 10 10 120 140 10 100 X0 2

Momentum / GeV
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Conclusions
[ ]

Conclusions

® Many different experiments searching for light dark matter at
accelerators started in the last few years, with complementary
methodologies and techniques.

® Each experiment is characterize by its own advantages and
difficulties - | think that only a complete experimental program
will be allow to explore this field.

® | hope this lecture gave you a "tasting" of this large variety of
efforts, with few "hints" of the (very interesting and broad)
technical aspects behind. For any further question or comment,
do not hesitate to ask me!

Thanks for your attention
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Light dark matter signatures

Al \/\/\/\<
I~
1

(a) Iy b 2 (c)

visible invisible

secluded direct annihilation
o o i o 2 2
ov X ap : oV X €ap ov X €Qp

1 1
i i

a4 X 2 e e
! >\Mi< ! >&h<
1 1
i i

X e VAVAVA VAV 7_,1/ : X f\ : X ]L‘\
i |
1 1
! ! my
1 1
1 1
i i

I o X

1 1
i 1
1 1
1 1
1 1
1 1
! 1
(

@ mas < my: secluded scenario. Provides no thermal target for accelerator-based
experiments: any ¢ value is allowed.

@ my <my < 2my: visible decay scenario (although off-shell x — X production
is allowed!)

@ myr > 2my: invisible decay scenario. 37/35



Light dark matter signatures

secluded direct annihilation

ov o af) : ov x Eap ov o ap

— N A

=

my

N (b) 27'71\, ((;)

visible invisible

@ mas < my: secluded scenario. Provides no thermal target for accelerator-based
experiments: any ¢ value is allowed.

@ my <my < 2my: visible decay scenario (although off-shell x — X production
is allowed!)

@ myr > 2my: invisible decay scenario. 38/35



A’ production and visible decay in a e~ beam, fixed thick-target setup (Phys.Rev.
D86 (2012) 095019)

o A’ production: radiative A’ emission
e"N —e NA

o A’ propagation: for low ¢ values (< 107%) arget + shield decay volume
the A’ is long-lived, resulting to a detached
decay vertex. . ) /H_H—H— ¢
s L AAAAAAY
o A’ detection: measurement of the e e~ e Eyr m ‘H e

decay pair in a downstream detector.

Bremsstrahlung decay

Signal yield dependence on main parameters:

eps FTTTTITIT—rrr,
N ~ Neotnsy, [ dE'dBedtle(Be,t) fgre™ben/tar (1 —emFallary -2
o Upper bound: 103k
Neypt X 8267L5’L/lA/, lar EJ()/E2 E 4\'\\
1074 '
o Lower bound:
Newt < €2Lg /151 o e* 105F

e Bl vl vl vl vl ol

my [GeV] 39/35



A’ production and visible decay in a e~ beam, fixed thick-target setup (Phys.Rev.
D86 (2012) 095019)

o A’ production: radiative A’ emission
e"N —e NA

o A’ propagation: for low e values (< 107?)
the A’ is long-lived, resulting to a detached

decay vertex. M e
. |
o A’ detection: measurement of the et e~ > E \

decay pair in a downstream detector. H

target + shield decay volume

Bremsstrahlung decay

Signal yield dependence on main parameters:

N ~ Neotnap [ dE'dEcdtl(Ee,t) 22 e=Lon/lar (1 — e~ La/lar)

o Upper bound:
Neypt X 8267L5’L/lA/, lA/ o E()/82

o Lower bound:
Newt x €2Lg/lar x €

Target/shielding length Lgp,
N o e=Lan/lar

v

4

Y BT B TTT:

1072 107! 1
my [GeV]
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A’ production and visible decay in a e~ beam, fixed thick-target setup (Phys.Rev.

D86 (2012) 095019)

o A’ production: radiative A’ emission
e"N —e NA

o A’ propagation: for low e values (< 107?)
the A’ is long-lived, resulting to a detached
decay vertex.

o A’ detection: measurement of the e e~
decay pair in a downstream detector.

Signal yield dependence on main parameters:
N ~ Neotnop, [ dE'dBedtle(Ee,t) ggreben/lar (1 — e~ Fallar)
o Upper bound:
Neyt X 8267L5’L/lA/, lar EJ()/E2

o Lower bound:
Newt x €2Lg/lar x €

N x efLsh/lA/, lpyr x B
(smooth production cross section
dependence)

4

E(

1077

Bremsstrahlung decay

Ll Lol Lo
1072 107! 1
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A’ production and visible decay in a e~ beam, fixed thick-target setup (Phys.Rev.
D86 (2012) 095019)

o A’ production: radiative A’ emission
e"N —e NA

o A’ propagation: for low e values (< 107?)
the A’ is long-lived, resulting to a detached

decay vertex. e
E ,
: - . YV VYY)
o A’ detection: measurement of the eT e R E./ .
decay pair in a downstream detector. m L

bremsstrahlung decay

Signal yield dependence on main parameters:

N ~ Neotnap [ dE'dEcdtl(Ee,t) 22 e=Lon/lar (1 — e~ La/lar) 1ok ]
o Upper bound:

10735
Neypt X 8267L5’L/lA/, lar EJ()/E2 E

_af N
o Lower bound: *10 E
Newt < €2Lg/1 41 o e* 10-5E 3
10-6E .
Detector/decay length Ly E ]
1077 3
N o Ly ]
1l il
1072 107! 1
my [GeV]
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E137 at SLAC

Experiment originally proposed for ALPs search, results re-interpreted as a visible
A’ search.

Hill

Experiment Parameters:

o Beam: 20-GeV e~ beam, ~ 2-10%20 EOT
o Target: Water-filled Al beam dump

o Shielding: 179 m of ground (hill)

o Decay: 204 m of open air

o Detector: 8-Xy EM calorimeter + [
MWPC o w w0 w0

Elevation (m)

Results:

o Experiment observed 0 events, exclusion
limits at 90% CL = 2.3 signal events.

o Two re-analysis with different
approximations (Miller, Andreas)
resulting in a similar exclusion limit.

o Recent limits extension (Marsicano)
considering secondary positrons =
annihilation on atomic e~ 10t o e

M, (MeV/c?) 43/35
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