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• the search for DM is dominated by the search for WIMPs of m~5-1000 GeV


• some physics models naturally predict non-WIMP DMs


• among them, models with a light (sub-GeV) dark sector communicating with 
SM particles through a light dark photon (additional gauge U(1)) which mixes 
with hypercharge


• this gives rise to diagrams like 
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• A’ production in electron 
interactions with target 
(bremsstrahlung) 

• A’ decay to fermion pairs 
(e+e-)

• A’ decay to X 
pairs 

• X scattering 
on matter 
(nucleons/e-)
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Physics Motivations

• Minimal!decay!

• Decay∝ε2!

• It!does!not!depend!on!mΧ!

• It!requires!mA’<2mΧ

Visible

!
• Natural!extension!of!the!model!
• mΧ!<2mA’!
• stable!and!invisible!
• It!does!not!depend!on!ε

Invisible

Theory suggests scenarios where light DM (χ) interacts with SM particle  by a light mediator (A’)!



• Heavy Photon Search experiment @JLAB: search for visible decays to e+e-


• if mA’<2mX, e+e- and other SM states are the only possible decay modes, 
Γtot~ε2, BR(e+e-)~O(1): A’ is narrow and HPS signal ∝ε2


• Beam-Dump eXperiment: search for invisible decays to XX


• if mA’>2mX, A’ decays invisibly, HPS signal is further suppressed by ε2 3

HPS and BDX
Motivation 2: Robustly

Searching for Dark Photons* 
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�c⇤ � 1 mm (�/10) (10�4/⇥)2 (100MeV/mA�)

⇥c⇤ ⇥ 2� 108 cm (⇥/10) (�/�D)
� (10�3/�)4 (mA�/GeV)2 (GeV/mhD )

Lifetime
A’ decays directly back to Standard Model:

A’ decay to dark scalars: hD � l+l� l = e, µ,�

A’ production vs. decay product lifetime determine 

existing constraints and search strategies

...etc



The-HPS-experiment-at-JLAB-
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HPS @ JLAB (slide from Witek)



• sensitive to regions not 
excluded by previous 
experiments


• experiment approved, 
installation almost complete 
(some delay with installation of 
tracker, probably in by end of 
2014)


• accelerator in commissioning

• ~3.5 weeks of engineering run, 

+ 4 weeks of data taking 
around April 2015


• further data-taking periods/
upgrades depend on schedule 
of other JLAB experiments and 
DOE funding
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HPS: physics perspectives, current status
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Constraints + prospects on visible A′ decays

If                  then A′ decays visibly, e.g.

Aʹ e-

e+

What if A′ decays 
invisibly, to DM?

will come back !
to this later…

mA0 < 2m�

Aʹ �

�̄

full BaBar? !
(to appear?)

Note: if A’ can also decay invisibly, visible 
signals should be rescaled by ε2 and 
there’s no limit below ε2 ~1e-3..

ε



• even though installation is almost complete, offline reconstruction and 
analysis software still requires some effort & manpower


• data taking soon, time to enter collaboration = now or never


• possible contributions:


• coordination of ECAL reconstruction


• ECAL calibration


• SVT DB, timing, monitoring plots, ..


• improvements to track reconstruction to increase sensitivity


• data taking shifts


• one French group (IPNO) already in the Collaboration
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HPS: possible contributions



• beam-dump experiment proposal based on theory paper “New Electron 
Beam-Dump Experiments to Search for MeV to few-GeV Dark Matter”, 
PRD88,114015. Large overlap with HPS collaboration

• search for signal from X pairs produced either in decay of on-shell A’ or 

through mediation of off-shell A’
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BDX (LoI: arXiv:1406.3028)

Two-Step Detection

+
Fixed-target: A# is produced, decays 
promptly to invisible & (dark matter?):

Neutral-current scattering 
of & – detect recoil

Electron beam case:

9



• similar searches can be done with fixed target experiments with proton 
beams (LSND, MiniBoone), typically (for low-mass A’) from π0→γγ→γA’ 
decays, but


• no sensitivity if mA’>mπ or mX>mπ/2


• large bkg from v in beam


• possibly leptophilic U-boson not produced in meson decay (kinetic mixing 
with universal coupling εq to all electric charges just the baseline; U-boson 
could couple to baryon number or to lepton number…)

8

Why an electron beam?
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Signal cross sections for 2 benchmark scenarios

M.Battaglieri - INFN GEBDX - Dark matter search at JLab19

Expected signal

A. Celentano, E. Izaguirre, G. Krnjaic, P. Schuster, N.Toro

• Detailed estimates for the more challenging χ detection case (elastic scattering on nucleon)

• Detected energy includes attenuation 
length and light quenching effect!

• Two detection thresholds studied: !
1 MeV and 10 MeV (el-equiv)

Released energy 
Detected energy

• Two sets of model parameters



Scattering Reactions
for Detection

Electron Scattering
Low recoil energies, light mediator

Coherent Nuclear
Low recoil energies, light mediator

Quasi-elastic Nucleon
Higher recoil energies > 10s MeV,  

enhancement, form factor Z2

⇡,�,K · · ·
High recoil energies  

Inelastic hadro-production

� ⇠ ↵D✏2/m2
A0

main focus 
so far

34
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Physics Motivations

An electron irradiates an A’ !
The A’ decays to a χ pair!

Two steps process: !

How to experimentally access invisible decay?

The χ elastically elastically 
scatters on a nucleon in the 
detector producing a visible 
recoil (~MeV)!

Nucleon recoil: sizeable cross 
section for TN>1-10 MeV

Experimental requirements:!
• sensitivity to ~MeV nucleon recoil (low detection thresholds)!
• low energy background rejection capability

I) Elastic scattering on nucleon

10

Signal properties

Inelastic Scattering
Detection
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A Pilot Experiment to Probe the Dark Sector at Je↵erson Laboratory

Eder Izaguirre, Gordan Krnjaic, Philip Schuster, and Natalia Toro
Perimeter Institute for Theoretical Physics, Waterloo, Ontario, Canada N2L 2Y5

( January 14, 2014)

It has recently been demonstrated that parasitic electron-beam fixed-target experiments have
powerful discovery potential for dark matter and other new weakly-coupled particles in the MeV–
GeV mass range. We show that this program can soon be realized at Je↵erson Laboratory during
a test-run of the 12 GeV CEBAF beam using only 1020 electrons on target and an existing plastic-
scintillator detector situated above-ground downstream of the beam dump at Hall D. This setup
also o↵ers a unique probe of leptophilic and inelastic dark matter scenarios that are kinematically
inaccessible at traditional direct detection experiments. A successful pilot run would provide the
basis for a dedicated experiment at optimized luminosities.

I. INTRODUCTION

Although overwhelming astrophysical and cosmologi-
cal evidence supports the existence of dark matter (DM)
[? ], a genuine discovery will remain elusive until its
particle identity is known. There is currently an ac-
tive program to probe DM scattering at direct-detection
experiments [], annihilation with indirect detection tele-
scopes [], and production at particle accelerators[]. How-
ever, these e↵orts are designed primarily to find heavy
(10�1000 GeV) DM candidates and sharply lose sensi-
tivity to lighter (sub-GeV) states whose signals are either
too feeble or lie in high-background regions.

While many popular solutions to the hierarchy prob-
lem automatically feature heavier DM candidates near
the electroweak scale, thus far, null LHC results have cast
considerable doubt the best motivated extensions to the
Standard Model (SM). In the absence of clear thresholds
at which new physics is expected appear, the search for
DM necessarily spans several orders of magnitude. Fur-
thermore, there is no reason to expect most of the matter
in our universe to be a single particle with simple dynam-
ics. Indeed, the visible sector, which constitutes only ⇠
4% of the Universe’s energy budget, features three gauge
groups, three generations, and energy scales spread over
(at least) fifteen orders of magnitude. Discovering and
understanding the remaining 85% of matter will likely
require a cocktail of new strategies, benchmarks, and ex-
periments to cover hitherto overlooked parameter space.

Recently it was shown that electron beam fixed target
experiments o↵er powerful sensitivity to a broad class of
dark sector scenarios that feature particles in the elusive
MeV-GeV mass range [? ? ]. If DM couples to the lep-
tonic currents via mediators of comparable mass, it can
be produced copiously in relativistic electron-nucleus col-
lisions and scatter in a downstream detector (see Fig. 1).
Although the DM production rate is comparable to ded-
icated e↵orts at proton beam facilities [? ? ], electron-
beam experiments can run parasitically on a smaller scale
with negligible beam-related backgrounds, and thus o↵er
convincing discovery potential in the event of a positive
signal.

Je↵erson Laboratory (JLab) is currently upgrading its
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heavier state via A0 exchange inside the detector. For order-
one (or larger) mass splittings, the metastable state promptly
de-excites inside the detector via �
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�

e+e�. This process
yields a target (nucleus, nucleon, or electron) recoil E

R

and
two charged tracks, which is a instinctive, zero background
signature, so nuclear recoil cuts need not be limiting.

FIG. 1: a) Fermionic DM pair production from A0-
sstrahluung in electron-nucleus collisions. For purely Dirac
fermions, the A0 coupling will be diagonal in the mass basis
and the decay yields pairs of stable �, but if there is mass
splitting in the dark sector the A0 couples o↵-diagonally to
� , the light and heavy mass-eigenstates instead (see Sec.
III B 2). b) Detector scattering via A0 exchange inside the
detector. If the mass splitting between dark sector states is
negligible, both the incoming and outgoing DM states in the
scattering process are invisible and can be treated as the same
particle. For order one (or larger) mass splittings, � upscat-
ters into the excited state  , which promptly decays inside the
detector via  ! � e+e�. This process yields a target (nu-
cleus, nucleon, or electron) recoil E

R

and two charged tracks,
which is a distinctive, zero background signature, so nuclear
recoil cuts need not be limiting. Processes analogous to both
a) and b) can also exist if DM is a scalar – see Sec. III B 1

6 GeV electron beam to operate at 12 GeV energies. The
new CEBAF is scheduled to begin delivering ⇠ µA cur-
rents in mid-g and presents new opportunities to search
for new light weakly coupled particles. In this paper we
highlight the DM discovery potential for a pilot experi-
ment at JLab using a plastic-scintillator detector.

The outline of this paper is as follows. Section II
presents an overview of DM production and detection in
electron beam dump experiments. Section III presents

} energy ~ 
�m�

m�
⇥ Ebeam

can be ≫ Erecoil

should be “easy” 
compared to recoil analysis

 !*!                       !*

but need to think about 
O(GeV) e– signals & bkgs

Inelastic Scattering
Detection
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Physics Motivations

An electron irradiates an A’ !
The A’ decays to a χ pair!

Two steps process: !

The χ elastically elastically 
scatters on an electron in the 
detector producing a visible 
recoil (~GeV)

Electron recoil

Experimental requirements:!
• sensitivity to ~GeV electrons (electromagnetic showers)!
• easy background rejection

More favourable scenarios:!

II) Elastic scattering on electrons

• A’, X boosted forward ⇒ small (1m3) detector enough for large acceptance


• 3 processes for potential detection


• quasi-elastic nucleon scattering: main 
signal but large bkg, need low 
threshold (Erecoil~mA’2/2mN ~1-50 MeV)


• elastic electron scattering: small signal 
but virtually 0 bkg (e with > GeV 
energy)


• inelastic scattering (in case of Majorana mass term 
splitting X in 2 mass states with sufficient Δm): 

M.Battaglieri - INFN GEBDX - Dark matter search at JLab9

Physics Motivations

An electron irradiates an A’ !
The A’ decays to a χ ψ pair!
(where ψ is an excited χ)!
and the ψ decays promptly to !
χ e+e-!

More favourable scenarios:!

The χ scatters inelastically off 
the nucleon/electrons of the 
detector producing a ψ  that 
subsequently decays to χ e+e- 
in the detector!

Experimental requirements:!
• sensitivity to ~100 MeV nucleon recoil and ~ GeV electrons (em showers)!
• low background

III) Inelastic χ-N,e- scattering
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Detector concept and possible JLAB beam dumps

M.Battaglieri - INFN GEBDX - Dark matter search at JLab10

Experimental technique

Beam dump

High intensity!
e- beam

Shielding! χ beam Detector χ scattered

e/N recoil

Shielding!

RF or BM

Tight time coincidence 

Veto for charged

Segmented 
Detector

Passive shielding Detector requirements!
• Good time resolution to reject beam-uncorrelated background!
• Segmentation for bg rejection!
• Active veto!
• Passive shielding!
• Low threshold for nucleon recoil detection (~MeV)!
• EM showers detection capability

4.0 ns

Detector Time Res          !
              ~ 0.3-0.5ns

Beam structure

~1 m3 segmented  
plastic scintillator 

+ lead foils
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JLab electron beam-dumps

Hall-A/Hall-C!
• E~11GeV!
• high current (~100-200uA)!
• Parasitic run!
• No room behind the beam dump enclosure!
• Ideal place for a full experiment

Hall-B!
• E~11GeV!
• moderate current (~200nA)!
• Same area as HPS setup!
• Difficult access to beam dump enclosure!
• interference with HPS magnet

M.Battaglieri - INFN GEBDX - Dark matter search at JLab13

JLab Hall-D option
Hall-D!

• E~12GeV!
• moderate current ~200nA (may be increased up to 8 uA!)!
• Over-the-ground beam dump!
• Easy access to the back of the BD enclosure!
• Simplified logistic: (shielded roof) hut,  power, network, A/C

(1m iron + 5cm Pb)

1e22 EOT/yr
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Detector concept/prototype

M.Battaglieri - INFN GEBDX - Dark matter search at JLab16

Full detector prototype: CORMORINO

Mounted in a van 
and opera ted 
remotely for 1 
month in a NPP

CORMORINO is 
a ful l working 
prototype of the 
full scale detector!
!
Used to validate 
design, bg rates, 
shielding …

M.Battaglieri - INFN GEBDX - Dark matter search at JLab17

Full detector prototype: CORMORINO
A. Celentano

A. Celentano, F. Parodi, V. Vigo 

• Measured  fACD signal!
• Time resolution:!

 σT ~110 ps/MIP

• Adding an active veto!
plastic scintillators paddles 2cm thick + 
single-side PMT readout!

• Adding a passive shielding !
5cm-thick lead bricks!

• We may also add a second active veto  
between CORMORINO and the lead 
shielding!
extruded plastic scintillator paddles +  WLS 
fibers + single side simp readout

active veto (plastic scintillators 
paddles 2cm thick + single-side 
PMT readout)

σT(MIP)~110 ps 
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MC implementation: GEANT4 - GEMC

A. Celentano, P. Degtiarenko, M. Osipenko, R. De Vita
1k e-

• Process time =  0.2 s/ev (no Thr)

• I=200 nA ➞1250 e-/ns!
• 4.0 nA bunch separation!
• 1M events ⟷ 0.8us bea-time needs 2.5 (0.8) cpu-days

• Simulated  1.6 109 EOT (1.2 ms)!
• Only neutrinos (νμ, νμ, and νe) pass the beam dump and 
cross the detector

_

• Implemented Geant4 simulation which 
includes attenuation length and light 
quenching effect 

• Two detection thresholds studied: 1 MeV 
and 10 MeV
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Backgrounds
• beam-related: only neutrinos are expected to exit from the beam-dump 

(confirmed by simulation with 1.6e9 EOT so far)

• negligible compared to beam-unrelated


• beam-unrelated:

• cosmic v: negligible considering flux, xsec and threshold

• cosmic n: sizeable (small probability to interact with plastic of veto)

• 1m iron shield + detection energy threshold introduce a neutron energy 
cutoff (detection efficiency = 0 for TN< 50 (100) MeV) 


• cosmic mu: sizeable

• crossing:  ∝ veto inefficiency (5%)^2 x probability(single hit)

• decaying: ∝ veto inefficiency x probability(single hit)


• estimated with MC, to be validated by real measurements
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BDX expectations

M.Battaglieri - INFN GEBDX - Dark matter search at JLab

The (full) BDX experiment

Elastic Χ-N scattering 
BDX reach• baseline detector = 30x Cormorino interleaved with 1mm lead foils to 

increase X/X0

• assume time coincidence giving non-beam 

rejection factor R=3σT/4ns=5 (conservative)


M.Battaglieri - INFN GEBDX - Dark matter search at JLab

The (full) BDX experiment
EM shower 
Thr=150 MeV

~0 (<3)

~0 (<3)

Elastic Χ-e- scattering 
and inelastic 
BDX reach

M.Battaglieri - INFN GEBDX - Dark matter search at JLab

The (full) BDX experiment
EM shower 
Thr=150 MeV

~0 (<3)

~0 (<3)

Elastic Χ-e- scattering 
and inelastic 
BDX reach

nucleon scattering e scattering



• Measurement of cosmogenic bkg


• Define full detector design, try to


• improve electron/proton discrimination


• directionality to correlate hits with beam


• optimise cost (PMTs, # of instrumented channels)


• Prepare full simulations


• Reconstruction


• Financing/construction/installation..

15

Activities foreseen



• low-mass DM and dark photons a possible alternative to the WIMP paradigm


• HPS: visible decays of the dark photon: short-term perspectives, requiring no 
R&D effort


• possible contributions to software, data-taking and analysis in 2015 and 
2016 (further data-taking depending on JLAB schedule and DOE funds)


• data taking in 2015, join now or never


• BDX: complementary search for invisible decays, more medium term, 
contribution to design phase possible


• important overlap with HPS Collaboration


• partial contributions from people already involved at larger FTEs in other 
projects possible


• small initial investment needed for an activity that is complementary to the 
WIMP searches in which other LPNHE members are getting involved

16

Conclusion
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Current landscape

4
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(!!e)
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Want to 
look here!

Motivation 1: Dark Matter
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Some unknownsSome Unknowns

– Baseline model: A# kinetic mixing (coupling $q to all electric charges) 
– But U-boson could couple to baryon number, or to lepton numbers

⇒ some beams/scattering reactions insensitive
⇒ indirect constraints (e.g. modified e–( scattering from U(1)L )

Matter couplings

10

Dark Matter Structure
– Generic possibility:  & splits into two Majorana/real 

states of different mass (& and &*).  A# coupling is 
off-diagonal.  

A Pilot Experiment to Probe the Dark Sector at Je↵erson Laboratory

Eder Izaguirre, Gordan Krnjaic, Philip Schuster, and Natalia Toro
Perimeter Institute for Theoretical Physics, Waterloo, Ontario, Canada N2L 2Y5

( January 14, 2014)

It has recently been demonstrated that parasitic electron-beam fixed-target experiments have
powerful discovery potential for dark matter and other new weakly-coupled particles in the MeV–
GeV mass range. We show that this program can soon be realized at Je↵erson Laboratory during
a test-run of the 12 GeV CEBAF beam using only 1020 electrons on target and an existing plastic-
scintillator detector situated above-ground downstream of the beam dump at Hall D. This setup
also o↵ers a unique probe of leptophilic and inelastic dark matter scenarios that are kinematically
inaccessible at traditional direct detection experiments. A successful pilot run would provide the
basis for a dedicated experiment at optimized luminosities.

I. INTRODUCTION

Although overwhelming astrophysical and cosmologi-
cal evidence supports the existence of dark matter (DM)
[? ], a genuine discovery will remain elusive until its
particle identity is known. There is currently an ac-
tive program to probe DM scattering at direct-detection
experiments [], annihilation with indirect detection tele-
scopes [], and production at particle accelerators[]. How-
ever, these e↵orts are designed primarily to find heavy
(10�1000 GeV) DM candidates and sharply lose sensi-
tivity to lighter (sub-GeV) states whose signals are either
too feeble or lie in high-background regions.

While many popular solutions to the hierarchy prob-
lem automatically feature heavier DM candidates near
the electroweak scale, thus far, null LHC results have cast
considerable doubt the best motivated extensions to the
Standard Model (SM). In the absence of clear thresholds
at which new physics is expected appear, the search for
DM necessarily spans several orders of magnitude. Fur-
thermore, there is no reason to expect most of the matter
in our universe to be a single particle with simple dynam-
ics. Indeed, the visible sector, which constitutes only ⇠
4% of the Universe’s energy budget, features three gauge
groups, three generations, and energy scales spread over
(at least) fifteen orders of magnitude. Discovering and
understanding the remaining 85% of matter will likely
require a cocktail of new strategies, benchmarks, and ex-
periments to cover hitherto overlooked parameter space.

Recently it was shown that electron beam fixed target
experiments o↵er powerful sensitivity to a broad class of
dark sector scenarios that feature particles in the elusive
MeV-GeV mass range [? ? ]. If DM couples to the lep-
tonic currents via mediators of comparable mass, it can
be produced copiously in relativistic electron-nucleus col-
lisions and scatter in a downstream detector (see Fig. 1).
Although the DM production rate is comparable to ded-
icated e↵orts at proton beam facilities [? ? ], electron-
beam experiments can run parasitically on a smaller scale
with negligible beam-related backgrounds, and thus o↵er
convincing discovery potential in the event of a positive
signal.

Je↵erson Laboratory (JLab) is currently upgrading its
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FIG. 7: a) Scalar DM pair production in electron-nucleus col-
lisions. An on-shell A0 is radiated and decays o↵ diagonally to
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into the
heavier state via A0 exchange inside the detector. For order-
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e+e�. This process
yields a target (nucleus, nucleon, or electron) recoil E

R

and
two charged tracks, which is a instinctive, zero background
signature, so nuclear recoil cuts need not be limiting.

FIG. 1: a) Fermionic DM pair production from A0-
sstrahluung in electron-nucleus collisions. For purely Dirac
fermions, the A0 coupling will be diagonal in the mass basis
and the decay yields pairs of stable �, but if there is mass
splitting in the dark sector the A0 couples o↵-diagonally to
� , the light and heavy mass-eigenstates instead (see Sec.
III B 2). b) Detector scattering via A0 exchange inside the
detector. If the mass splitting between dark sector states is
negligible, both the incoming and outgoing DM states in the
scattering process are invisible and can be treated as the same
particle. For order one (or larger) mass splittings, � upscat-
ters into the excited state  , which promptly decays inside the
detector via  ! � e+e�. This process yields a target (nu-
cleus, nucleon, or electron) recoil E

R

and two charged tracks,
which is a distinctive, zero background signature, so nuclear
recoil cuts need not be limiting. Processes analogous to both
a) and b) can also exist if DM is a scalar – see Sec. III B 1

6 GeV electron beam to operate at 12 GeV energies. The
new CEBAF is scheduled to begin delivering ⇠ µA cur-
rents in mid-g and presents new opportunities to search
for new light weakly coupled particles. In this paper we
highlight the DM discovery potential for a pilot experi-
ment at JLab using a plastic-scintillator detector.

The outline of this paper is as follows. Section II
presents an overview of DM production and detection in
electron beam dump experiments. Section III presents
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FIG. 1: a) Fermionic DM pair production from A0-
sstrahluung in electron-nucleus collisions. For purely Dirac
fermions, the A0 coupling will be diagonal in the mass basis
and the decay yields pairs of stable �, but if there is mass
splitting in the dark sector the A0 couples o↵-diagonally to
� , the light and heavy mass-eigenstates instead (see Sec.
III B 2). b) Detector scattering via A0 exchange inside the
detector. If the mass splitting between dark sector states is
negligible, both the incoming and outgoing DM states in the
scattering process are invisible and can be treated as the same
particle. For order one (or larger) mass splittings, � upscat-
ters into the excited state  , which promptly decays inside the
detector via  ! � e+e�. This process yields a target (nu-
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and two charged tracks,
which is a distinctive, zero background signature, so nuclear
recoil cuts need not be limiting. Processes analogous to both
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6 GeV electron beam to operate at 12 GeV energies. The
new CEBAF is scheduled to begin delivering ⇠ µA cur-
rents in mid-g and presents new opportunities to search
for new light weakly coupled particles. In this paper we
highlight the DM discovery potential for a pilot experi-
ment at JLab using a plastic-scintillator detector.

The outline of this paper is as follows. Section II
presents an overview of DM production and detection in
electron beam dump experiments. Section III presents

⇒ new signal: decay e+e– pair

⇒ kinematic threshold 
for up-scattering 
shuts off direct detection

E� > m�⇤ +
�m2

�

2me

!                  !*
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Current limitsLSND sets powerful limits for mA′ > 2 mΧ

• limit depends on
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• MiniBoONE currently 
taking data                 
(met w/ PAC on Wed to 
request further running)

Aguilar-Arevalo et.al. 
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(work in progress)

SLAC mQ from 
Diamond, Schuster

preliminary!

Important caveat

There is a danger in comparing 
constraints/prospects from different 
experiments “blindly”. They are 
correct in the “simplest” kinetic 
mixing model, w/o mass splitting 
among DM states, etc., but simple 
model building can change things 
drastically 
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Expected backgrounds in Cormorino prototype

• with baseline granularity and no use of timing information

• beam-related bkg does not seem to be an issue

• cosmogenic bkg to be validated by real measurements M.Battaglieri - INFN GEBDX - Dark matter search at JLab

Expected rates in CORMORINO

• Expected signal rates is reported for 
the two theoretical χ-N elastic 
scattering scenarios!

• Detection thresholds:1 MeV, 10 MeV!
• Background is negligible for em 

showers produced by 0.5 GeV electron 
(150 MeV deposited if the sampling 
fraction is 30%)

• Beam-related bg does not seem 
to be an issue 

• Cosmogenic (reducible) bg's  
estimates need to be validate by 
real measurements


