AR~

1Yy

.'.I -

Light Dark Matter eXperiment

Elnar

(LDMX)

DM 2024

Elén, on behalf of the LDMX collaboration

UC SANTA BARBARA

Carnegie Mellon University

2= Fermilab

SRV,
SRV HeRée)
/9 || 88 SNz
NS | I TEEACANS
@) ) & <

PR W (D) = p4
‘yk\\\—\///\~ LUND UNIVERSIIY
AN =
CANHIRSS &
o=~ 2>
‘/,) 1666 ‘\\“"

UNIVERSITY OF MINNESOTA
b. ‘ h NATIONAL

—— @ ACCELERATOR

aF ban NN# | /EORATORY

Stanford University
UNIVERSITY. VIRGINIA



A ve,n/ Eriep moivaTlion Por accelera‘tor
Based searches Por‘ h:.,ln‘t Ja\r*k ma‘t‘ter

How far can we. 3e‘t with 3e,ne,ric assuw\p‘tions?
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ASSuw\MS, very li‘t‘t le,

Gives us ampli‘tude for
direct detection & B 4

D /\,\ accelerator production
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ASSuw\InS, very li‘t‘t le,




Assu w\ing very li‘t‘t le (22) = (H45) (5) (55 o

- How often would we see this?

ALS ~ Sheeze WE KNOW the amplitude from before”

Relative G,y
) ELDYN —15
SUPPFQSS\OV\ w.r.t. ~2- 10 coherence
06Z—>;/
brem

SM Br‘emsstro\hlunﬁ

Need to measure ~ 101 — 101° electrons

*Conservative assumptions



K ey ‘to\ke,o\wo\y

Without relyinﬁ on any model-SPQQi‘Pic
aSSUMP‘tIons:

An accelera\‘tor e,xpe,ﬁme,n’t me,O\Suﬁnﬁ 1e16
e,le,ctrons on ‘to\rge‘t Con discovef ‘the,rmal re,lic
l?ﬁh‘t dark matter



BQV\QV\W\O\F'( W\Odel Thermal and Asymmetric Targets at Accelerators

1077
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- Benchmark model: Standard dark E 10~
ohoton EE 010
. See T. Gray's talk on Spin-1 DM for §D 10~
examples of extended scenarios ‘5 1012
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Figure: US Cosmic Visions: New Ideas in Dark Matter 2017: Community Report [arxiv:1707.04591]
Details on vector meson decays, see Schuster, Toro, and Zhou, “Probing Invisible Vector Meson

Decays with the NA64 and LDMX Experiments.” (Phys. Rev. D 105, 035036) [arxiv:2112.02104]



https://arxiv.org/pdf/1707.04591
https://arxiv.org/abs/2112.02104

How To pr‘oduce ondh See. your signo\l
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Siﬁno\l Iden‘tiﬁca‘t?on

- How does eA — eA + y differ
fromeA — eA + yiy

. Key difference:
- Dark object has mass

- Fundamentally different
Kinematics, regardless of model




Signo\l Iden‘tiﬁco\‘tion

. Key difference:

- Dark object has mass

- Fundamentally ¢

. How does eA — eA + y differ 1 i
fromeA — eA + yiy

T
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Electron Recoil Energy Distributions, E, > 50 MeV
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Figures: Akesson et al., “Light Dark Matter eXperiment (LDMX).” [arXiv:1808.05219]

For details using a dark photon benchmark model, see Bjorken et al., “New Fixed-Target
Experiments to Search for Dark Gauge Forces.” (Phys.Rev.D80:075018,2009) [arxiv:0906.0508] 13


https://arxiv.org/abs/1808.05219
https://arxiv.org/abs/0906.0580

Signo\l Iden‘tiﬁco\‘tion

- How does eA — eA + y differ
fromeA — eA + yiy

. Key difference:
- Dark object has mass

- Fundamentally different
Kinematics, regardless of model

SM Bf‘emss'tr‘o\hluna

Ele_c‘trom continues with $ma|l
Sco\‘t‘tefing omgle,

Electron |1_’3T| Distributions, 50 MeV < E,<1.2GeV, pz;>0
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Figures: Akesson et al., “Light Dark Matter eXperiment (LDMX).” [arXiv:1808.05219]

For details using a dark photon benchmark model, see Bjorken et al., “New Fixed-Target
Experiments to Search for Dark Gauge Forces.” (Phys.Rev.D80:075018,2009) [arxiv:0906.0508]


https://arxiv.org/abs/1808.05219
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K ey ‘to\ke,o\wo\y

The M?SSMS’ energy ond momentum siana’tur‘es
are. primarilc/ features of massive
’or‘eMSS‘tr‘o\hlung n 3@?\3{‘0\1

If you can e,xplo?‘t these Pea‘tures, you will be
sensitive to li::,la‘t dark matter procluc‘tion

15
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The LDMX experiment



Let’s build an e,xpe,ﬁmen‘t for that

. Light Dark Matter eXperiment (LDMX)
- Fixed target

- Missing momentum

. Measure individual electrons and their

oroducts for 1010 e~

. Veto all SM background events

Whitepaper: [arxiv:1808.05219] 18



https://arxiv.org/abs/1808.05219

The beamline @ SLAC

« LCLS-Il e- accelerator @ SLAC:

- Ordinarily for photon science

End Station A

Existing

- LDMX will operate parasitically B::i,A,ine
- LESA beamline under construction, testbeam operations ~2025
- 8 GeV beam
- Low current LESA Kicker

. Allows for measurements of individual electrons

- High repetition rate

| SLAC Linac

LCLS /
LCLS-II

— existing LCLS
— existing ESA
— | LESA proposal

- Reaching sufficient statistics

Beam layout, from The SLAC Linac to ESA (LESA) Beamline for Dark Sector
Searches and Test Beams [arxiv:2205.13215]



https://arxiv.org/abs/2205.13215
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Figure adapted from: Current Status and Future Prospects of the Light Dark Matter Experiment 20

[arxiv[2203.08192]]


https://arxiv.org/abs/2203.08192
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Back 3round$

Photon-induced

22



Back 3rounds
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Figure from Akesson et al., “Photon-Rejection Power of the Light Dark
Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092
larxiv:2308.15173]

Veto Handles
| F—

Track Multiplicity
| Track Momentum
ECal Energy
ECal Topology
ECal Track

&2 Hcal Hits

23


https://arxiv.org/abs/2308.15173

Analt/sis £ Veto strategy
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Recoil electron eT s not used in the analysis

Count electrons and trigger on missing energy
ldentify & require electron track with missing momentum

Exploit ECAL's high granularity & imaging capabilities to veto SM
processes
- BDT + MIP Tracking

Require no activity in HCAL

Figure & results from Akesson et al., “Photon-Rejection Power of the Light Dark
Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:2308.1517/3]
Original analysis with 4 GeV beam: Akesson et al., “A High Efficiency Photon Veto
for the Light Dark Matter Experiment.” JHEPO4(2020)003 [arxiv:1912.05535]
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Results and reach
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A results from Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]
Invisible meson decays from Schuster, Toro, and Zhou, “Probing Invisible Vector Meson Decays with the NA64 and LDMX Experiments.” (Phys. Rev. D 105, 035036) [arxiv:2112.02104]
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Figure from: Current Status and Future Prospects of the Light Dark Matter Experiment [arxiv[2203.08192]]
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Resources

- A brief introduction to accelerator based searches for light dark matter

Bjorken et al., “New Fixed-Target Experiments to Search for Dark Gauge Forces.” (PhysRevD.80.075018) [arxiv:0906.0580]

Berlin et al., “Dark Matter, Millicharges, Axion and Scalar Particles, Gauge Bosons, and Other New Physics with LDMX.” (Phys. Rev. D 99, 075001 (2019)) [arXiv:1807.01730]

Schuster, et al., “Probing Invisible Vector Meson Decays with the NA64 and LDMX Experiments.” (Phys. Rev. D 105, 035036) [arxiv:2112.02104]

- The LDMX experiment

Whitepaper: [arxiv:1808.05219]

Current Status and Future Prospects of the Light Dark Matter Experiment [arxiv[2203.08192]]

- Fantastical background processes and where to veto them

Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:2308.15173]

Akesson et al., “A High Efficiency Photon Veto for the Light Dark Matter Experiment.” JHEPO4(2020)003 [arxiv:1912.05535]

- Reach and prospects
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Photo-nuclear

Muon conversion

Target-area ECal Target-area ECal
EoT Equivalent 2.00 x 10'*{2.00 x 10'*|2.00 x 10*2.00 x 10
Trigger (front ECal energy < 3160 MeV)| 7.57 x 107 | 4.43 x 10% | 2.37 x 10”7 | 8.12 x 107
Total ECal energy < 3160 MeV 2.73 x 107 | 7.27 x 107 | 1.76 x 107 | 6.06 x 107
Single track with p < 2400 MeV/c 3.03 x 10% | 6.64 x 107 | 5.32 x 10* | 5.69 x 107
ECal BDT (85% eff. m 4 = 1 MeV) 1.50 x 10° | 1.04 x 10° <1 <1
HCal max PE < & <1 2.02 <1 <1
ECal MIP tracks =0 <1 <1 <1 <1
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ASSuM?nﬁ very l\‘t‘t le

Depletion & Targets

. Relic density gives a target cross
section for a given mass:

- Thermal target in reach figures
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Figure adapted from J.L. Feng Dark Matter Candidates from Particle
Physics and Methods of Detection (Ann. Rev. Astrophys. 48: 495, 2010)

[arxiv:1003.0904] from T.K. Nelson

Relative DM fraction

31
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Veto features



LDMX S zmulatlon . LDMX S zmulatlon
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Figure: Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]
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LDMX Simulation

- Photo-nuclear 1
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Event Fraction

1.0
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Figure: Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]
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LDMX Simulation

10° F—— . . .
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Figure: Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]
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tor Value
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Figure: Akesson et al., “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]

3 101

Signal Rate (Arbitrary Units)
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SM

SM

2?2

2?2

Direct detection of mass creation
Deflected SM particle = missing momentum search

No QCD or QED charge in escaped mass
Nothing in our detector... = missing energy
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