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Vector Portal Light Dark Matter

Standard WIMP New Light Mediator SM Wﬂ
/0
anl( g
\0

MeV 100 TeV MeV 100 TeV
HEE ITee——r T A——f——
Mzo GeV MZO
 Assumes mediator is * Does not assume mediator is the Z
at the weak scale boson
» Simple parameterization of DM + Mediator:

» Strong constraints
from cosmology,
astrophysics, and
colliders

* 4 free parameters Produce Dark Sector in
* Mass of the dark photon m,, Standard Model particle

« Mass of the dark matter m cascades in fixed target
X

. experiments
» Mixing angle between SM and dark
sector € MiniBooNE beam dump

. : mode first dedicated
Coupling between dark photon and DM search in this way
dark matter a
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Phenomenology: Vector Portal Light Dark Matter

One example: e Two Detection Modes:

Elastic nuclear recoils — keV signature
Ly 3 —VE JZ & G d® + 6, 0™
& B (gB H Ixu =T ) e Inelastic response — MeV Argon

Jf — % > e G X X nuclear de-excitations
— E, =75MeV, m, =30MeV, € = 10~
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25 Nuclear
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] 3 3 6 iz 14
Energy (PE) 0.04 W. Huang, B. Dutta, V. Pandey, J. Newstead

Phys. Rev. Lett. 129 (2022) 2, 021801 [2109.14146] 00 25 50 75 100 125 150 175 200

Deexcitation energy [MeV]

10/16/2024 | 4



https://arxiv.org/abs/2109.14146

Dark Sector Explanations of the MiniBooNE Anomaly

' 541 m i
. }{i -50 m ' X = —
_ e ' ............ —
_) ) 3-body decays T : 10 m
ong-lived fiducial
8 GeV p A S,PV (fiducial)
Focusing Horns
Target (Be) Dump Detector (CHa)
Phys.Rev.Lett. 129 (2022) 11, 111803 prininde Dol
I B ) Upscattering 140 1
. H 400 1 I - :I/l‘;l)lgz;k\zn[::tzi)und
e 4.80 excess at MiniBooNE target mode runs . I
e No excess in dump mode run S o -
e If excess is due to new long-lived particles (LLPs) or ) ) T5avas
light dark matter (LDM), it may be correlated to rare wl b &
charged meson decays [PRL 129 (2022) 11, 111803] g ; =
. I O 200
e We can test this possibility at CCM
ity
e 2;:)() :’z(l)() 750 1()|()() 1250 ¢ 5(‘)0 l(JIUO 15I0() 2000
E,is [MeV] E,;s [MeV]
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Phenomenology: Dark Sector
Coupling to Meson Decays (DSCMD) a <
_ Scalar IB1 (mn) %Y
3-body pion decay in e .\\\@;\0 z
Lujan Target proton on Y Pre— 7
X =¢,a,V _| target -
y / \\ ector TBI (e) v v v -
'I,- 'l .________2_‘31_,73 __________ p Vector IB1 (mu) v v v '_::'
\ / @ ) =
\\ / Vector 1B2 (e+mu) v v v f
e — vewrcnae (v ) v | v JE
BL N, 0 _+ : :
T, > e Wide variety of models
X =¢,a,V ¢ / .
_ _ o combining decay model and
Inverse-Primakoff like detection in CCM .
T scattering model.
152 ' o  So far limited focus, but
v scope is total.
X=¢aV , e CCM (stopped pion) tests in
a complementary way to
o MiniBooNE (focused pion)
IB3, SD N and similar experiments.
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...and many more models!

Axion-Like Particles
(ALPs)

Heavy Neutral Leptons
(HNL)

ATOMKI Anomaly
CEVNS neutrino search
v_,CCQE cross section
measurements

Mirror neutrons

Etc...
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A. A. Aguilar-Arevalo et al. “Axion-Like Particles at Coherent CAPTAIN-Mills”. In: (Dec.
2021). arXiv: 2112.09979 [hep-ph].

CCM HNL Sensitivity: 3 Years of Data Collection
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- Nuclear Instrjuments and Methods in Physics Research A 594 (2008) 373-381
I h e C C M Expe rl m e nt " Nuclear Instruments and Methods in Physics Research A 632 (2011) 101-108
u
Intense source muon neutrinos: target MCNP

LAN S C E -L Uj an FaCi I ity simulation flux 4.74x105v/icm?/s at 20 m

Flight Path 5 || ||
HIPPO ,

Lujan Target Filght Path 4 /2%
- Intense protons (100 uA) /Q
- Fast Beam (295 nsec) =

- Compact source | 4 -
- 20 Hz rep rate e

W

X

SMARTS Aserix
Flight Path 2
L=20m
Flight Path 12
o DACE
Flight Path 14 Flight Path 13
ER-2

Lujan Experimental Area
-Space for large 10-ton liquid Argon v detector.
-Run detector in multiple locations.
-Room to deploy shielding, large overhead crane, power, etc
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The CCM120 Detector: 2019 run

* Mounted in the 10 ton CAPTAIN cryostat.
» 7 tons LAr Fiducial volume, 3 tons LAr Veto (2-3 radiation lengths)
17 17 and 5 8” Veto PMTs instrument LAr Veto region.
+ 120 R5912 PMT'’s, wavelength shifting TPB foils
» LAr cold test of the entire SBND PDS system: 96 TPB coated + 24 uncoated
PMT’s, mounts, cables, feed thrus, HV, electronics, trigger, DAQ, calibration,
simulations and data analysis. -> now installed in SBND

TPB coated reflector foils. Maximize light output
to detect coherent neutrino-nucleus scattering

« 6-week Engineering run in 2019 collected 1.79 x 10?! Protons on Target (POT).
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The CCM200 Detector: 2021 to 2025 runs.

Instrument all 120 cylinder 8" PMTs with new PMTs

+ Instrument 40 8" PMTs on each end cap => total 200 new 8” PMT'’s.

40 1x1” vetos instrument outer region (double veto PMTs)

Evaporative TPB foils (double efficiency of CCM120 foils) produced at U. Edinburgh.

CCM200 detector built July 2021, initial test run done October-December 2021 collected 1.9 x 10%! POT.
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The CCM Detector: Using fast timing and shielding to
remove beam-related neutrons

llYl[ lllllllllllllllllll Illl'llllillIll]lTll

©» | | LR
= B 0S —
s ‘Beam/ Prompt Neutri PromptSpeed ol UG | EJ301 MEASUREMENTS
E‘ = \ Pion Decay Neutrinos - Five Ei—:é(():'lMdeteaors were used to detect neutrons at different locations
g = @ oy N .. NEEseEE Total Neutrons — ?rEoJlir;O] liquid scintillator exhibits excellent pulse shape discrimination (PS)
'9 - e l Neutrons 1-10 MeV ] properties
s o - ':" "“NeUtrons [T Neutrons 10-20 MeV _ Current Layout of Els
X - [C777] Neutrons 20-50 MeV N El-30158
o o i [___1 Neutrons 50-100 MeV _ ER1 pq ‘
06— [ Neutrons 100-800 MeV | _| s @‘ ..o
B e ER2 EJ-301-5-8
04— — B oarasaas 49 E1-301-8
R 4  External time of flight measurements with
s —1 EJ301 detectors measure ~20 MeV fastest
E 4 neutrons
0—11 S R o ey | SRR BRI prer e X N
0 100 200 300 400 500 600 700 800 900 1000

Time (ns)
« Extensive 4m steel shielding around target and detector slows down neutrons
« EJ-301 n/y detector time of flight measurements indicate fastest neutrons ~20 MeV.
« Analysis of CCM120 data shows 210 nsec signal region free of neutrons.
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. PMT detection region: 300 to 600 nm
The CCM Detector: 100 . J —
Calibrations % -
80 - . (g Laser 532
1 i Laser 213 i3 es
: ':A’W" ' ". (Emission)
% 60 4 1 : [
= : \
Inserted Source 2 *° i ; \
Calibraton Rod & .0 NI ! { \
down the center £ ‘\N TPBU .‘ \
of the detector < 30{ | ! Ep— i
204 i i A
10 - '! /
P X
] >
100 150 200 250 300 350 400 450 500 550

Wavelength (nm)

« Laser/Diffuser for 213/532 nm calibrations to test TPB response for foils and PMTs and the LAr

properties.
* LED calibrations for PMT gain/timing CCM=Optical Detector
« Co-57 source provide energy scale calibration 122 keV gamma-ray. Light Properties need to be
* Na-22 source provide energy scale calibration 2.2 MeV gamma-rays. very well known.

» Radioactive sources provides position reconstruction calibration.

10/16/2024 | 12




Los Alamos National Laboratory

CCM120 Searches:
Energy Regimes

LDM

a 30
3 e Search: o
£ Fe<1MeV
» 2 Types of Searches: Electromagnetic and H :4_> 1 ien e cotat. orron)
Nuclear Recoil & [

« 3 Energy Regimes for Searches:
« <1 MeV - Light Dark Matter (nr like)

* Threshold 3 PE = 200 keV up to
Maximum 18 PE = 2 MeV.

—— With *'Co (stat. error)

9 /’\...
Olllllxll’P‘P&F’Sﬂ_é‘J I\—rluf—]-_-u i o gl i1y

~ 16—
& 1aE
: 12:—15
101
X sERY
3 = !
4=, °
> 2E% %
M 0 L
4] 0 0 60 70 20
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Energy (PE)

A.A. Aguilar-Arevalo et al. “First dark matter search results from Coherent CAPTAIN-
Mills™. In: Physical Review D 106.1 (July 2022).
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CCM120 Searches:

Energy Regimes LDM

w
o

§ C SearCh No Source
£ Fe<1MeV
+ 2 Types of Searches: Electromagnetic and $ L o
. o H —¢— With ?’Na (stat. error)
Nuclear Recoll & Lo °
« 3 Energy Regimes for Searches: T —— with "o (stat. exror)

* <1 MeV - Light Dark Matter (nr like) ILDM Search m———p

« Threshold 3 PE =200 keV up to ~1-10 MeV
Maximum 18 PE = 2 MeV.
* ~1-10 MeV - Inelastic LDM (em like)

* From minimum 10 PE = 500 keV up to
Maximum 200 PE = 10 MeV.
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A.A. Aguilar-Arevalo et al. “First dark matter search results from Coherent CAPTAIN-
Mills™. In: Physical Review D 106.1 (July 2022).
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CCM120 Searches:
Energy Regimes

» 2 Types of Searches: Electromagnetic and

Nuclear Recaoil

« 3 Energy Regimes for Searches:
+ <1 MeV - Light Dark Matter (nr like)
» Threshold 3 PE = 200 keV up to

Maximum 18 PE = 2 MeV.

* ~1-10 MeV - Inelastic LDM (em like)
* From minimum 10 PE = 500 keV up to

Maximum 200 PE = 10 MeV.

* > 10 MeV - Dark Sector (em like)

e From 200 PE = 10 MeV.

« CCM200 uses similar energy regimes, with
different PE scales and a lower threshold.

w
o
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N
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Search
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A.A. Aguilar-Arevalo et al. “First dark matter search results from Coherent CAPTAIN-
Mills™. In: Physical Review D 106.1 (July 2022).
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After Cuts Na22
2019 -> 2021

CCM200 2021 Searches:
Energy Scale

 The 2021 Data set had a very
different energy scale from 2019.

» Using the Na22 calibrations at the
center of the detector, we found a
3:1 improvement in energy scale for
CCM200.

» We also mapped out various
positions inside the detector along
the central axis, giving us some
information on the position-
dependent smearing.

* Using a 40ns prompt integral, we
found ~30 PE/MeV.

105E

107"k

107

10°%

"’llllllllll

——— subtracted (center 2019)

———— subtracted (center 2021)

subtracted (top+30 2021)

——— subtracted (top+50 2021)

= subtracted (bottom-30 2021)
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Reco Energy (PE)
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CCM120 Analysis: Beam Related

Background Free Region of Interest (ROI)

* Timing of massive importance to f I b L com pulses - start Time
COM effiency. I o A
* We define a ROI that includes only < 0.008— | \ -
steady state (measurable in éf E | }
prebeam!) backgrounds. " 0.006—
« Directly measured TO with the “FP3 i A
0.00a— Measured ! b I
detector.” - BeamTO | |
+ T0 =-530 ns DAQ time [ Gamma-Flash | v/ /)
- Defines start of ROI for all " | N/ \
searches. | A Y T AN
* Determined speed of light particles : %EZZ K 7 ki
from target to arrive 150 ns before %] I'
neutron events seen in CCM ToeSEEAWEEE s 2 | 1
Time(ns)

A.A. Aguilar-Arevalo et al. “First dark matter search results from Coherent CAPTAIN-
Mills™. In: Physical Review D 106.1 (July 2022).
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CCM200 2021 Analysis: Region of Interest (ROI)

» The start of the 2021 ROl was the same as in 2019: -530 ns.
 The end, however, was delayed an additional 40-60 ns, depending on the T_O.
+ Determined by a significant change in cut efficiency and event rate (seen below)

« 2021 had a final ROI of 210 ns (representing 84% of prompt BSM signal), versus
150 ns in 2019 (<50% of prompt BSM).

Subtraction: 1-10 MeV R Subtraction: >10 MeV

+38 ns E T TTTTTTTT I £ o T
,§\ shift FP3 5 i e ] FWH L R
L toCCM || Tt eE liminary

] E—mo;— J ]JJ 1 é 50;—

N 650 —600 550 —500 —450 -—400 —350 -—300 ,2005 ﬂl‘ 40

{Q ime in ns 30

300[—

Q POI 1: -564 T _0 rounded ) - 20

. Derivati Lo C

f ool e to lower limit 4o 10 (H
Start of H =

§ | gommas of uncertainty. _5o0F- of]

m Full range = . 10

=10 1s) S B B I RN B iy i N N B B B

Mﬂﬂ” [‘530,‘504] -550 *500 -450 400 -850  -300 —550 —500 —450 400 —350 —300
—es0 —6oo 30 300 450 —doo —350 —300 Trlgger Time (ns) Tr|gger Time (ns)
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All Searches:

5 10
. ) § Prebeam =steady ROQ|' '4Z
Data Quality / Pre-selection Cuts & ..[ e background Q& S
— S ————— _.i_
- Data Quality cuts meant to ensure the events 10 IR =
were useable. 10,; :
« Number of Hits - —
« Previous Event a3 o
. Veto 102%_ Event Length Charge Uniformity
. F|duc|a| Volume o - Position Prompt Veto Activity
E , .
° Event Tlme ; ~ -« Previous Event - - Number of Prompt Hits
« Beam Current Monitor (BCM) 8- ak #ime
U E ] PN (NP PR IR [P FUPOTOR | O
~-4500 -3500 -2500 -1500 -500
DAQ Time (ns)
. . . (a) DAQTi
Data Quality Efficiency Table @ DAQ Time
Cut | numHits previousEvent  Veto fiducialVolume eventTime
Efficiency | 0.510 0.238 0.236 0.149 0.0037
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CCM NR Search:

Event Characteristics

In CCM, LDM events will involve
coherent-like scattering of Argon

nuclei
Nuclear-recoil type events,
* No triplet light

« Additional nuclear recoil quenching factor of

~0.25. o
=> Short in length and low in visible energy. ) ‘°Z£
)
Cuts: 1oF
Length < 44ns: a cut on the maximum length mt;
of the event (PID). 107f

Figure of Merit (% from Max Bin)

0.

0.

Niceness/Charge Uniformity: cut on charge
distribution evenness between PMTs.
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i Q
®
, g
8t 0‘85
r N
-
§ L
6— 0.67
. =
o
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L w
4 0.4
] Gkt iz
1 1
0 1 2 3 4 5 60

eeeeeee

Relative

Length cut
t-]

Pigure of Morit (FOM)
---- Cut DM Eff.
Cut Ar39 ELf.

Max FOM Cut Value

Lo Lo b L 1o

1 I
100 120 140 160 180 200
Reco Length Cut (ns)

102k
10*E

10°E

3.y Hl_
10 E=mmely, 1

mmmmmm

e Black =
- LDM
B search

L | final

| sample

10

10%

10°

4
J)gnergy (PE)
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CCM1 20 E/M Sea rCh: Cut Efficiencies after Preselection Cuts
S i g n al C uts 12 “ B 1MeV ALP Signal M 50 MeV ALP Signal Prebeam/Background
T \I—.\.

* In addition to the Data quality 0s L
cuts from the LDM search i
(Previous Event, numHlits,
Veto, Niceness) we added 4 I
cuts for the E/M search based 02 1
on signal characteristics. |

Efficiency
o
[}

©
IS
1

0.0

T T T T T T
No Signal Cuts Length >38ns Energy > 10 PE Radius <80cm Coated > 60% maxPMT <20%

Length > 38ns: Electron like ALP events have triplet light and long length.
Radius < 80cm: A stricter position cut due to the isotropic nature of the signal.

Coated > 60%: More than 60% of the light seen is seen by TPB coated PMTs in
scintillation events.

maxPMT < 20%: No more than 20% of the total light is seen by a single PMT in
simulated e/m like events or calibration source events..
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CC M200 E/M S h: Energy Distribution Through Cuts: Neutrons and Prebeam
earc . EnergyDist_run1520s_cut0619_0_cut0_Neutron EnergyDist_run1520s_cut0619_0_cut0_Prebeam

| ; P oo
Signal Cuts G ot 3t
2103;: T @ o
. The 2021 Analysis £, 3o
used the same data S ol D
quality cuts as in 2019. 1 ? .
 However, the event 1
selection cuts were o WE !
slightly different. LS SR S RN

v 3 4 3
10 10" Reco Energy (PEP "Beco Energy (PE)

—— ¢+ Length > 54 ns: increased from 2019 but otherwise unchanged.
—— + Radius < 80 cm: repeat from 2019.
— + maxPMT < 20%: repeat from 2019.
* Cherenkov-light > 2%: A new cut searching for potential Cherenkov light in the
uncoated tubes in the first 10 ns of the event.
*  Prop20>10%: A new cut removing events with too slow of a turn on, characteristic
of neutron multiple scattering.
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CCM LDM Sensitivities: Elastic and Inelastic

Jl 800 MeV proton beam

u,d g
. 0
e Null result observed in both 2019 265 530 795 m <Tw B @_,/X
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Tripathi, Mayank. University of Florida ProQuest Dissertations & Theses, 2024.31144965.
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Dark Sector Coupling to Meson Decays
(DSCMD): 2-Mediator Models

Vector IB3 (my = 20 MeV), Scalar Mediator ¢

10—%

e DSCMD fits to MiniBooNE data for 2 s
o Target Mode: Neutrino + Antineutrino excess > F

o

o Dump Mode: null result as a constraint o
o CCM tests this model using neutral pion couplings —— MiniBooNE Fit (10, 20)

10—1° 4 ——— MicroBooNE 170p Exclusion
- LSND Exclusion
10° g PZZ1 CCM120 Exclusion
— VIB2, 7% Mediator, mx = 5 MeV ; : . = r = -
. . 50 100 150 200 250 300 350 400 450 500
1084 |7 SIB1(p), mg = 5 MeV, mx = 100 MeV me [MeV]

b7 —— PIBIl(e) my = 5 MeV, mx = 100 MeV

=S 10° — 70 =5 4X (mx =5 MeV) Vector IB2 (my = 5 MeV), w%-mediated scattering
o — 7% -5 49X (mx = 100 MeV) % [ZZ1 CCMI120 Exclusion

= MiniBooNE Fit (1o, 20)

) . s i e S s ot

2 102 4 P eyl MicroBooNE 1v0p Exclusion
: \

2. 10!+

o PIENU R(m* |> 0oV)

E 100 - 0 102 o

3 X
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10-3 N
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10" 10—
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arXiv:2309.02599 [hep-ph] Gro
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CCM120 2019 vs. CCM200 2021 Subtractions

2021 subtractionValues run1520s cut0619 0

204109 Data minus Background Sliotrac_tion for ALP Search C
8 300F-
> _ - ‘bd ~3 sigma excess
: <2 sigma excess +Add§d 200 . @ 800-1500 PE =
200[] |17 @ 200-500 PE = shleldlng, B R 27-50 MeV
20-50 MeV +3m 100 N \
100 LY \ distance, C ﬁ J_
1 ﬂ. + o o OJ T4 I T +++++++ fs
o - T+
3 e +80 PMTs! [l ft
gl x3 energy B
_2005_ 1 scale 200 1
—3005— —300?—
_4005_ ] Lol ] Lol 1 [ —400: L Lol L Ll
10° Reco Energy 1¥9|3£ (10PE/1MeV) gs Reco Energy19PE (30PE/MeV)

* There is one major deviation from the background prediction in both data sets.
» This excess manifests in the 20-50 MeV region, and is consistent in rate even after
accounting for efficiency and background differences.
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CCM200 2021 Analysis: b

Conclusions

* The consistent anomaly in the 2 runs
so far directs CCM’s future plans.

» We are currently operating under the
hypothesis that this anomaly is caused
by very rare, very high energy
neutrons.

« 3 possible sources:

« Direct from target
* Bounce from other flight paths
* From bend in beamline

« 2022 (other flight paths closed) and R Mo
plan to move in 2025 address these £
possibilities. et AT B

- If not neutrons, we plan a larger N N . f |
detector (CCM1000) for better PID and | (Rt En
signal identification.

|- L a1
T

F

| L=z

1L Beamline
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Backup Deck

10/16/2024 | 28



Los Alamos National Laboratory

The Dark Matter
Puzzle

Strong CP Problem

The Neutrino Mass
Puzzle

Anomalies:
MiniBooNE, Short
Baseline. ..

Outstanding Physics Puzzles

Standard Model

“Portals” Dark Sector

photon portal light dark matter

X

neutrino portal sterile neutrinos

— — X — — | heavy neutral leptons
Higgs portal

light mediators
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The QCD Axion and Axion-Like Particles (ALPs)
e Axions are a proposed solution to the Strong-CP problem in QCD
— Why is the neutron dipole moment so small? d < 10*°e cm

o Related to CP violating term in QCD: £ D 0GG
o U(1),, broken — aGG term to dynamically conserve CP _
e But there are many other theories that predict pNGB

pseudoscalars:

o generic goldstones of broken global U(7),,

o String axiverse N

o Non-traditional QCD axions LD —igaeaé’75e — igavaFuyF“

o Axion dark matter
CCM is sensitive to ALPs with masses up to ~100 MeV

174
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Phenomenology: ALP Detection in CCM Photon [ ommeee ey

10% 4 Coupllngs —— Decays (m, = 0.1 MeV, g, = 1.5-10-* GeV-!)

——~ Decays (m, =1 MeV, g,, = 1.5- 10> GeV—!)

Production Channels Detection Channels b B8] ey 5 Decays (my = 4 MeV, g, = 6- 10~ Gev—")
in W Target -~
2 107" 5
~ E
LSS _ e j 10-24
€ =
r 2 10-34
i N a----- = 10
N ----a : :
(b) Inverse Primakoff £ 1041 Scatters
(a) Primakoff +
e
-t ' 10-° - . ' .
€ i 10° 10! 102
(2) Resonant (h) eTe™ decay Eopy [MeV)
production 2 bt Phys. Rev. D 107 (2023) 9, 9 [2112.09979]
105
~ — m, =100 keV, go. =2-107°
@ ' Q=== T — Electr on ——= Mga = 500 keV, go. = 2-107°
o € = 104 Couplings -ee m, =1 MeV, g, =2-10-6
s = — m, =2 MeV, g, =10-%
ﬁ‘L ()i 4 P : —== Mo =3 MeV, goc = 10°%
e = 1074 £
. I
o< ]
N N AT AT ? wed
: - N N ry Scatters
(i) ¢ (j) External pair £ jpef :
2 / >_hr q . s z = I
(e) Associated ALP-bremsstrahlung (f) Inverse Compton conversion g E o
production £ 104 ! |
— ! 1
| i
10-¢ | ' .
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https://arxiv.org/abs/2112.09979

Dark Sector Coupling

X =¢,a,V
- ¢
to Meson Decay : DSCMD models Decay Operator
Primakoff / Photoconversion Scattering Model e
Scalar Pseudoscalar SM Pio Vector IB1 Scatterlng
Mediator Mediator Mediator Mediator ¥ Operator
X =¢,a,V £
Scalar IB1 (e) J
~
- Scalar IB1 (mu) " :\0\\,3: / s = B2
.- o\ e
= Pseudoscalar IB1 (e) \\’\,\w f J v
z D X =¢,a,V ¢ . .
N Pr—— Combinatorics!
g seudoscalar IB1 (mu) J .
g : . Check which solve
Vector IB1 (e) v v v 2 " MB anomaly
— IB3, SD
Vector IB1 (mu) J / J T: v
Vector IB2 (e+mu) / ] i J i E
Vector contact (e mmn) ( J J J J ;

Focusing on these, but only for pragmatic purposes (scope is total)
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DSCMD and MiniBooNE, MicroBooNE

v-mode v-mode v-mode v-mode

i BNy Upscattering 140 A cehid 3.0
100 4 BN ¢/a Dark Primakoff 29 250 1

MiniBooNE Background

% ¥ 2.5
2 i i Target i
Z 70 4
< 200 5] Nu-mode 1257 Tar%et d 00 _ _
X nu-bar-mode
3
- L x P Dump mode data
E H =
0 0 - 0 0 =z 1.5
i 140 4 s s S
400 -
1.0 4
: 200 ; 01 125 4 0
S g o) 2 51
225 i
X h—\—
ity 0.0 4= T T t r r :
04— : - : 0 - : = 0 : : T 0 : r T 100 200 300 400 500 600 700 800
250 500 750 1000 1250 500 1000 1500 2000 —1.0  —05 0.0 0.5 10 -1.0 —05 0.0 0.5 1.0

is |Me
Euis [MeV] E,is [MeV] cosf) cosf) Evis [MeV]

170p (MicroBooNE)

e We fit the MiniBooNE target + 01 = Nomsbmseoun i
dump data with a combined log ~ * ? Bk B
likelihood

Vector IB2 (my =5 MeV), 7'-mediated scattering

[ZZ1 CCM120 Exclusion

= MiniBooNE Fit (1o,20)

—— MicroBooNE 1470p lix(:lua':<‘
.\o

170p Data

. . £ 21 , 1072 i“o“o
e Derive constraint from < q,rf‘
MicroBooNE 1-gamma O-proton .| X
. 102
analysis for Delta resonance 0] - ',,/
production s L 7 /
“().l (172 l)f:i (|T4 (DT:’) (lj(i 0.7 1 ol e

Gno
Reconstructed Energy [GeV]
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Pion Decay Constraints versus DSCMD

« CCM and MiniBooNE much more sensitive to rare pion
decays than normal searches

* Many more pions produced.
* |Increased detector distance.

° Appearance versus PHYSICAL REVIEW LETTERS 129, 111803 (2022)
dlsappearance TABLE II. Relevant exotic decays of #~ /K™ and existing upper limits at 90% confidence level X stands for
experiment_ invisibly decaying (mussnxz) bosons. The predicted BRs (third though last columns) are based o? the following

parameter choices: [e,,(¢?/4x)] =~ (6.0 x 1075, 1) for the single-mediator scenario, [e,.¢e,. (¢7/4x)] = (7.0 x
° Neutnno Search 1075, 1.0 x 107*,0.5) for the double-mediator scenario, (g,.g,.4) = (5 x 1073,1072,4.4 x 10~ MeV~!) for the

scalar scenario, and (g,.g.. 4) =~ (1072.1072,6.5 x 10~ MeV™') for the pseudoscalar scenario.

techniques highly

" . Model (i) (x107"3) Model (ii) (x107%)
sensitive to rare pion . 5
Channel (BR) Limit (x107%) Single Double ¢ a
decay events! X = 1,V(9) [87) 2000 (300) 500 %0 %0 100
K = evv [54] 6000 530 720 s s
K — ule)v, . ee [54] 7.4(2.7) 500(530) 680(720) e .
x = p(e)v, ., X [88] 600(50) 0.12(25) 0.17(34) 120(-- ) 1.1(--)
7 — ple)v, e ee [54] ~0.37) 0.12(25) 0.17(34)
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The CCM Experiment:
The Lujan Target and Source

Extremely well understood and modeled by

Al@:'Far Instriuments and Methods in Physics Research A 594 (2008) 373-381
Nuclear Instruments and Methods in Physics Research A 632 (2011) 101-108

protons

proton beam
window

Complex target tuned

for neutron al
production T R EEEN | B e

backscattering moderator:
Beamlines controlled

lower tier

flux-trap moderators

by Hg window

Fig. 1. Elevation view of the Lujan Center's TMRS geometry used in our
calculations. The main components are labeled: split tungsten target (W), beryllium
reflector (Be), lead reflector-shield (Pb), and the steel reflector-shield (Fe).

> 10

Im Steel
Shielding
-2.5mHg
beam
windows

Extensive shielding around target

Simulations has confirmed hand calculated
neutrino flux of ~4.74x10° nu/cm?/s at 20 m
MCNP simulation of target and ambient neutron

20 m Background Neutron Flux at 100 pA

16407
16406
16405 Eﬁ?
1E408
o 100
16402
16401 |
© Therma \“\ Mev|
1E-01 l

< 1802

3 1

2 103 |

2

F 1608 |

3 1605 h

< 1606 =

2 1e07 | . ﬁn
1608 x
1E-09 3
1610 | | | | | | | | | | N

1611
1612
1613
1614
1615 L
1616 2
"
117 |
1611 1610 1609 1E08  1E07 1E06 1E05 1604 1E03 102 1601 16400 1E+01  1E+02  1E+03
rey (MeV)
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The CCM Experiment:

LANSCE-Lujan Beam

g 10° % LAN'SCE-PSR Luian i Competiti
c . s BNB ¢ CSNS \ and Unique
5 F Dl SNSSNS FTS+STS Neutrino/Dark Matter
.% - . PIP-Il BAR PIP-Il RCS ' Source
T Low duty factor critical
3 10° for background
o E rejection!
8 102
_? .
m " E Lujan/CCM makes
= LANSCE Area A
. 10 ¢ ESS ¢ Current up for less power
Typical beam - DAEdALUS® | Future/Planned with large, sensitive,
liv f B
de erzx ° 1= and fast 10 ton LAr
7.5x1 0 _2 1 1 1 L1 111 I 1 1 1 1 | JLOT T ) l 1 | 1 L1111 detectorl
10° 10° 1 10 :
POTl/year Power (MW)

Plot via K. Scholberg

* Neutrino/DM experiments require high Instantaneous Power — measure of Signal/Background:
SNS (FWHM 350 nsec @ 60 Hz)= 0.060 kJ/nsec; Lujan(FWHM 138 nsec @ 20 Hz)= 0.031 kJ/nsec
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Trigger by Trigger measurement of the Beam
through Integrated Beam Current Monitor

Run

e St e I R et

 CCM includes direct p
measurements of the beam
proton pulse through a BCM
integrated directly into the
DAQ and data stream.

« This BCM can be used to
analyze the protons per
trigger, and ensure that only
the best quality triggers are
included in the final analysis.

~280 ns

_] 40.0ns ‘[2.5005(5 11’ @& - 263mv
Jli3+v102.800ns 10k points || )

-~ (30ct 2019]
el S {15:40:32
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CCM120 Flow of Data

CAEN V1730
500 MHz clock

16 Channels
Warm cable to - 216 Bit ADC Chip

per channel

supply power
and read
signal

« 2Vrange
11 boards

l /

A i‘] § g:\
|l?“‘!!!!l , - ,,’: Spllt power and
1 . | Y T 5|gnal cables

Cold cable to

supply power
and read

signal

*.«\ =7

% i 8l ~| Fiber Optic connection to DAQ
computer

U Do B IR SR
: - . ‘ *y :\Q\ ‘ : ey = A ;"‘ -\_—X

.7 4
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The CCM200 Detector: e
R5912-100 I RADIANT SENSITIVITY
R7081-100
Hamamatsu R5912 PMTs SN e il
* 160 PMTs evaporatively coated with 13 —r
Tetraphenyl Butadiene (TPB) =
» Overlap between PMT detection %‘5 1
spectrum and TPB emission !
spectrum S o
* 40 PMTs uncoated |
» Helpful for calibration purposes T i — %05 300
’ 40 Veto PMTS ¢ Above: TPB-Coated 2,5x10° ‘/‘,', VM2000 substrate
* 81" PMTs on the bottom looking in R5912 PMT — M, —hw=2e5m
. . E O -k, =348 nm
10 17 PMTs on the top looking in . Top Right: = A = 380 m
. ” - Hamamatsu 2 . = 400 nm
22 17 PMTs on the columns looking Efficiency Spectrum 5.1 oo,
up and down. 5
+ Bottom Right: TPB 5.0x10°
Emission Spectrum e N

300 350 400 450 500 550 600
wavelength (nm)
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Scintillation/WLS mechanics

e Excited argon forms a dimer, de-excites
releasing a fast singlet and slower triplet
excitation components

e Scintillation light spectrum peaks at 128nm

e Emits 4*10* photons/MeV of deposited
energy from scintillation

e Timing of prompt and delayed light
components have been measured by the
DEAP collaboration (right)

e Tetraphenyl Butadiene (TPB) wavelength
shifts 128nm LAr scintillation light to the
visible spectrum, allows better absorption by
PMTs

e Combination Coated+Uncoated tubes allows
separate detection of scintillation and
Cherenkov light.

-
o
~

Intensity [PE]
3

10° E

Los Alamos National Laboratory

Full fit

10° E

10* 3

""""""""""" LAr singlet + geo + DP
- - LAr intermediate
----- LAr triplet

—— TPB

Afterpulsing

SN Stray light level

/’

NN ’\\\\
AN \‘\\

\\\ \ \\\§
\\ N \\\\\

NN
AN

\\ws\\g NN
\ NN\ i\l\ \\\\

/

I//X/I/HIIII el Pyl

-d)/d

-0.4

0.10F
0.05F
£ 0.00F
~-0.05F
-0.10E

-02 0.0 0.2 0.4

06 08 10 12
Time [us]

Eur. Phys. J. C (2020) 80:303, https://doi.org/10.1140/epjc/s10052-020-7789-x

Coated PMT 7

Dlrect wavelength
hufted scintillation

¥ Uncoated PMT

Delayed wavelength
shifted scintillation
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The CCM Detector:
Optical LAr Detector advantages

» Optical Detectors have response times at the 2 ns level
* LArTPCs have millisecond readouts

* When trying to use timing-based background rejection,
need FAST detector

 LAr scintillation produces 40,000 photons/MeV | 00 20 10 0 o 20 W
* More than any organic scintillator 0

* 40 photons/keV = theoretical threshold of 10 keV at 10% 0
photon detection level 0

* LArTPCs 3-5mm wire spacing reconstructs events > MeV 0 o

» LAr does not re-absorb Cherenkov light Simulated hits from
Cherenkov light in
CCM200 detector. Visible

_ _ _ _ _ Cherenkov light precedes
» Cherenkov can also provide directionality for e/m like events. scintillation by up to 8 ns.

» Cherenkov can separate low energy electromagnetic events
from nuclear recoil
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Data Selection: CCM120 Energy Scale from

Radioactive Sources

Impurities from not recirculating or
filtering the argon led to low light levels.
~2 ppm O, reduced the 128 nm light
attenuation length from ~20 m to ~50 cm

According to simulations the 4.7 PE
peak for Co57 is an artifact of the event
cuts, the real peak is ~1.8 PE

Na22 33.2 + 8.9 PE for 2.2 MeV
Both Co57 and Na22 rates are within
25% of simulation prediction

Nuclear Recoil (neutron, LDM, CEVNS)
energy scale approx. %2 of electron event
(Na22, ALP) scale.

Events (kHz/PE)

Excess (kHz/PE)

30
| o
- No Source
— 0o
25—
C —¢— With ’Na (stat. error)
— ©
20—
% : 57
- —3—— With “'Co (stat. error)

15

10

ON e oo
5o

70

A.A. Aguilar-Arevalo et al. “First dark matter search results fron
Mills™. In: Physical Review D 106.1 (July 2022).

- L
80 90 1
Energy (PE)

n Coherent CAPTAIN-

2.2 MeV

122 keV
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Contamination

d 1.2

0 ppm odditional contomination

ITTT‘TT',’Y\1Y

R CCM Qbéeryatio,rl

" -
I~ + :
02 - # O, Contamination Test bl *
0 e | i i d i aaal i L adeiail
10" 1 10

0O, Contamination (ppm)

R Acciarri et al. “Oxygen contamination in liquid Argon: combined effects on ioniza-
tion electron charge and scintillation light”. In: Journal of Instrumentation 5.05 (2010),
P05003-P05003.

« CCM observed LAr absorption lengths at 128 nm of 55 cm,
along with an additional quenching factor of 55%.

+ Both Values are consistent with oxygen contamination just
below the 2ppm level.
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Antigona Segura et al. “Biosignatures from Earth-Like Planets Around M Dwarfs™. In:
Astrobiology 5 (Jan. 2006), pp. 706-25.

Argon Scintillation Xenon Scintillation

1
il
J
1
E H\ [~
\
P \
\ \/’
|
| l \
. \
CHY"
DA | |

Light 176
" TS Laser213°

50 100

Absorption Cross Section (cm?)
S

150 200 250 300 350
Wavelength (nm)

Concentration of O2 Absorption Length of 128nm light in LAr
0.0ppm 2,000 cm

0.002ppm 1,700 cm

0.02pm 1,000 cm

0.06ppm 500 cm

0.2ppm 180 cm

2ppm 20cm*

20ppm 2cm
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CCM200 Shielding Layout at Lujan (23 m from target)

More steel and concrete shielding added.
Roof shielding added in October 2021.

—— \ |

; g B

Filter skid (MicroBooNE '\ \ _ \ S LV T
design): 4A molecular sieve'{\ \ --\‘\ 21 , s e =
material to remove water =\ \ >
contamination and Cu B ‘
Alumina to remove oxygen | ‘ : g SR = -
contamination. Ten ton LAr ; R\ 3 ;
recirculation turn over timﬁ%

of ~three hours. \\ \\ \\\ / /
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ALP Event Characteristics

Na22 Source vs. Blank: 40 ns Prompt Energy

Red: Na22 Source

_ 10° Black: Blank Source
* In CCM, we expect ALPs to produce high
energy photon or electron scatterings. Excess:
T . 5 Mean = 22.1 PE
« Electromagnetic-like signature 10° Sigma = 6.2 PE
« Triplet light 75% of total scintillation
output 10

* Quenching Factor of 1 with pure argon
« =>Long in length and high in energy

* Due to long length running into beam
neutrons, prompt window set to 40ns 10"
(from 90) to avoid beam energy in long

events. —r—{ |

° 1 1 0.III|III|III|III|I|IIIIIIIII||IIIIIIIll
The redone energy calibration for 40ns T . T T TR YT T R g

prompt window is shown to the right. Reco Energy (PE)
« 2.2MeV =22.1PE =>10 PE/MeV
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Background
Measurements

Current Layout of Els

EJ-301-5-A
ER1 p ‘
A
— @ EJ-301-5-D
A
4
ER2

e CCM made several
direct measurements
of various background

types.
L ) Figure 3.22: An EJ-301 detector (left) and the placement around CCM of 5 such detectors (right).
« EJ-301 scintillation detectors

measures neutron speed and TN
comparative rate I NGy, |

« Thermal neutron detector o TR Y — Beam On
measures steady state neutrons Beam Off

« Germanium detector measures | o
gamma rays at various energies.

EJ-301-5-B

EJ-301-B

W9mmRAPRASL A 7

1 N 1 1 . L
200 400 600 800

Figure 3.24: The gamma spectrum as determined by the germanium detector comparing beam on
versus beam off
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CCM120 Analysis: Measuring Steady State Backgrounds

* Prompt light only analysis

Dynamic event lengths allow a
poor-persons PID

 Maximize dark matter over Ar39
puts the length cut at 44 ns

* Pre-beam is flat in time (no bias)
allowing a good prediction of what to
expect in the prompt speed of light 10°
window (ROI)

* ROl is a beam-related background
free region, so the prediction on the
number of events is statistical only
(systematics will be on DM signal) 1

* |deal for Machine Learning

. -1
teChanueS 10 EIII'IIIIIIIIllllllllllllllllllllIlllllIIIIllll
-4500-4000-3500-3000-2500-2000-1500-1000-500 O
DAQ Time (ns)
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Background Prediction

StartTimeBins 19PE

3
o
* CCM uses direct measurements of the D
steady state background to predict the zmoi Oe
ROI background. —
 However, the ‘steady state’ is not steady 202000 I
— checks revealed a background that [
was slightly decaying in rate across all 20000
energies, significant on the order of i
microseconds. casnal”
» Beam activated radioactivity (known to »
exist from Germanium background ioeinL
measurements) was a possible .
candidate. 0 N T T B O
—6000 -5000 —4000 -3000 —2000 —1000

« Used linear fits of 6us of background to Start Time (ns)

determine that eXpeCted within the ROL. Figure 6.1: The 19PE bin’s start time distribution. In blue are the prebeam ROI-length (150ns)

time windows, black is the actual data value, and red is the background prediction from the linear
fit (also in red).
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CCM120 LDM Search Results| .. .
m Pe———
P
[1] A.A. Aguilar-Arevalo et al. “First dark matter search results from Coherent CAPTAIN- 3 : Measured Bkg e
Mills™. In: Physical Review D 106.1 (July 2022). = 50000—
‘ ‘ , ) - B ~——— from steady state
[2] A.A. Aguilar-Arevaloet al. “First Leptophobic Dark Matter Search from the Coherent-CAPTAIN- = s
Mills Liquid Argon Detector™. In: Physical Review Letters 129.2 (July 2022). =
~ 30 =
i ¥ g 40000— + Beam ROI (stat. error)
- i 5 =
g [ 8 -
s 25 B E
g i 10" g 30000(— ——— ~----. Norm. DM Dists.
L o .
2 20 i I
: £ E
[ 2 20000}
2 - Bkg Events: 115005 +/- 338.4
o L — Signal-Bkg= 16.5 +/- 338.4
10000
o E ' 1 A L 1 L L 1 ' ' A
107
& 200 Background Subtracted
02 3 ; 100 =
1 True Energy bgposited (keV) g et e o o = o ®
[
Signal smearing matrix created for the LDM search to relate 4 ';gg :
between true energy deposited and reconstructed energy.
. . . 10 12 14
This matrix was used to generate the DM predicted Energy (PE)

distribution shown in blue on the lower right.
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CCM120 Electromagnetic Search: Data and Background Prediction

Data and Background Prediction for ALP Search

= Data minus Background Subtraction for ALP Search
g :-h-q"- — 800 Freccs 400 -
c 104 [ ground Fradcion r
2 10° . [
S F o, 300 .
m L —— RO Dats [
100 2001}
: ;I
107 _E : 100 :—u A ,{.
: -
B _LL 0 3 44“1"*'{*
10 = - (1
- 1001 ||[4] |4
1 E‘ : - d
E 2001 | 1
- , | ~400F
! Lt 2 1 111 1 L1 1 191 L - 1 ol 1 ol I -

10°

107

3 3
Reco Energy -195 (10PE/1MeV) Reco Energy WE (10PE/1MeV)

(Left) The data and background spectra from the background prediction and the mea-
sured data in the beam ROI. (Right) The subtraction between data and background prediction about 0.
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Background Rates: el e RO e
CCM120 and CCM200
CCM120 CCM200

« Added Concrete and Roof shielding
between CCM120 (2019) and CCM200 °f“”°_"__ f°‘59k”’ "“k’f’ -
(2021) runs leads to reduced background l | l |
I’ateS BEAMOFF | 3.05kHz = 120kHz

* Nearly to level of eliminating beam-related
background/activation, from comparison of e
beam-on vs. beam-off background. el

e Factor of ~7 reduction in LDM search cemizo ccM200
backgrounds.

« Factor of ~5 reduction in E/M search SRR | i S
baCkg ro u n d S ] | Factorof 3.5t rduction l ' ' ll-’.nlm of|1.89 reduction
Reduction greatest at low energy, reducing N (00 0 ommesnns - Ml
as energy increases.
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2021: Prebeam Modeling g e AT T e o Pulse Waveform
; Start of Analysis Beamm Preli?ﬁ]_-—inary

10° Pulse

 Inthe 2021 data set, the prebeam [ e
used for background prediction was [ [
not simple. Effects included: e st sentics

* An oscillation i L

10 L : 1800

. F L a0= 39687  +- 647

* Sharp dlpS 1o Ehd of [ fi= 0.0032879 + 1.25e-6
E 1600 p2 = -2069.5 +- 214
+ 467

« An overall trend ; Thess] I c3= 1.8265¢6
* |ssues near the window start 'E m [

30 N R R . [
—8000 -6000 —4000 —2000 0 2000 ! 1 !

. And overall higher error Tiegrimong  Siafime  -7000"-8000" 5000 oo 5000”2006 -1000°"
: . Events in Time: Prebeam in Time: Fi
«  We compensated with a full fit - —Events In Time: Fitted

Svems

function on a limited prebeam: __h Preliminary m
Oscillatipn T . 6500; J{ JL\‘LMHT J(J(
SCl 110/% erm a2)) + | | l I | -

y = a0 ¥ sin(a 6400 T%ﬂ lJ{T

exp(d3 + a4 * x) - exp(ab + 46 * x) + a7
N 26000:l Ll | [ I

. . A S I N I NI I I B L. 1
Radioactive Decay Terms ~8000 7000 6000 5000 4000 3000 fzosc:gn, ;(:gg rs? 6000 05000 4000 3000 2000 —1000
1

Start Time (ns)

27000: 6300
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CCM200 2021 Analysis: Data Subtraction

Data and Background Prediction for E/M Search ROI Subtraction Values for E/M Search
10° :_ A/. Background Prediction 300 :— A’.Q
io? B —— ROI Data 200~ - /6
i 9@ 100/ A J} Q@
10 C
Sl L b et
L i IR
2 ~100{—
1075 —200[~
1028 ~300(—
C |||| ||l| _400_ | 1 ||||||| 1 1 ||I||||

10° 10°

3 3
Reco Energy - PE (30PE/MeV) Reco Energy \PE (30PE/MeV)

The background prediction and measured data in the ROI (left) and the data -
background subtraction (right) for the 2021 electromagnetic search of CCM.
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BSM Signal Prediction Pipeline

GEANT4: Generate
Particle Fluxes

(7, =%, p, €5 p,n...)

4

CCM120 Engineering 6-week Run
e 1.79 x 10?" Protons on Target (POT)
e Electromagnetic / ALP Search
o 294590 observed EM events in ROI
o Backgrounds: 294614.3 £ 241.7 (syst) £ 542.8 (stat) Matrix Element Monte
e Nuclear Recoil / LDM Search Carlo: Generate BSM

o 115005 observed in ROI L Spec"a }

m, =5 MeV, gy =2.5- 107° GeV~!
[ m, =20 MeV, gy =2-1075 GeV—!

o 16.5%+338.4 subtraction events ) %

e Separation of energy spectra 200
from keV to o(100) MeV 100 .
across different models ¢ o B ek e

Propagate Fluxes to
Detector and
Scatter/Decay

CCM200 Projection i
e 3 year run (2023-2025) _300
e 2.25x10%POT —400

Apply Smearing Matrix

Example: ALP Spectra with Optical Model

10! 10?
E,, [MeV)
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Los Alamos National Laboratory

Lujan Target Physics: Electromagnetic and
Hadronic Particle Showers

e GEANT4 simulated fluxes from 800
MeV protons on W target geometry
Physics list: 0GSP_BIC HP

e Hadronic cascades + meson
production

o a,n",m
e Production of secondaries: e*, e7,
'S E

e’e” Pair production .

Bremsstrahlung

7° decays

Neutron/proton scattering

etc...

e Each of these processes serves as
a potential dark sector flux source

o O O O O

107" 1 10
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Los Alamos National Laboratory

2019 Search for ALPs: Photon Couplings

1073

10~ 4
L
O 22
e ; %é'ib
o~ -0
S 1075 ; ’?}
CCM200 Projections: 3 year run :
10-6 - [ZZ1 CCM120 Exclusion (This Work)
] —— CCM120 Expected Sensitivity SN1987a
10* 10? 103 10* 10° 108 107 108
m, [eV]

Y Ay - - - - a
scattering limit
Z > > Z

e We scan over ALP parameter space
couplings to photons and electrons
in a model-agnostic way (one
coupling at a time turned on)

Project sensitivity over the
‘cosmological triangle” at CCM200

decay limit
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Los Alamos National Laboratory

2019 Search for ALPs:
Electron Couplings

CCM200 Projections: 3 year run = E(74
FZA CCM120 Exclusion (This Work)
—— CCM120 Expected Sensitivity

NAGE Dl i ueee
1073

= e ——— — ——

= 1076 4

1077
o

1078 4
SN1987a

10* 10° 10° 107 10%
m, [eV]

Pure ALP-electron coupling

A. A. Aguilar-Arevalo et al. “Axion-Like Particles at Coherent CAPTAIN-Mills™. In: (Dec.
2021). arXiv: 2112.09979 [hep-ph].

CCM200 Projections: 3 year run
ZZAa CCM120 Exclusion (This Work)
—— CCM120 Expected Sensitivity

o

1076 4
1077 4

Stellar

Cooling
1078 4

SN1987a
106 107
m, [eV]

With electron loop-induced photon
coupling and a — yy
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Los Alamos National Laboratory

Neutrino Physics at CCM

x10'%°
« CEVNS measurements = 285 m) T YSND deta v i rvar
O
» Charged-current o 12
9 ° 10

quasi-elastic (CCQE) cross
section measurement
» Relevant for physics

—a—— MiniBooNE data with total error
--------- RFG model with MZ{:=1.03 GeV,k=1.000
—— RFG model with M, =1.35 GeV, k=1.007
Free nucleon with l\//l A=1.03 GeV

Il i i N TR |

@DUNE: 1 10 B0 (GeV)
« Supernovae neutrino
physics
* sub-GeV atmospheric More measurements
neutrinos needed here!
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Heavy Neutral Lepton gearch

® CCM200 3 year run sensitivity . Ao = (Me/my) iy
to HNL production from 10
neutrino upscattering in
shielding and detector
materials only

<
]
e
3
S
i N Vye @ CHARM-II
H =
N L\/ 2
o
)
e )

1 2 \\/
a
A A g 2

z MINERI)A
a

10! 2x10t 3x 10! 4x10! 6x 10t 102

® | ujan facility is spacious HNL Mass m, [MeV]
enough to allow for increased
shielding in future runs
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Lujan Improved S/B with Upgrade 30 nsec Beam

:5 - = Plight Path 3 e CCM Pulses Start Time
‘E 0.01—
E | ——— Beam Pulse -—--v from n-decay —— v from p-decay
o B Prompt neutrino/DM signal window ~190 nsec.
~ 0.008(— :
3 o= 1
B E
TOF technique unique and Seeeer” !
powerful for isolating B | Shorter beam pulse reduces
. wgeyr. Measured g random backgrounds from
prompt signal and %%~ BeamTO 18 Ar39 d d t
measuring backgrounds and Gamma-Flash || | rt' :cay and neutron
1/ activation
errors from pre-beam. Key 0.002
is to shorten the beam
width. P

3

-600

* |f we shorten PSR pulse from 300 nsec to 30 nsec (Blue), would ihcrease signal efficiency and reduce
random backgrounds, estimate increase S/B (30 nsec) > 100.
* Factor ~10 reduction in random backgrounds from Ar39 and neutron activation
* Factor ~10 reduction of EM events relative to nuclear scattering using Singlet/Triplet light PID.
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Future Upgrades at CCM Lujan/CCM makes up for less power with

Upgrades can greatly reduce large, sensitive, and fast 10-ton LAr detector!

backgrounds to improve sensitivity:
e Short Pulse from LANSCE AOT

8

o Working toward 120ns pulse
e Cherenkov light

[y
o
o

o Direction reconstruction

~~~~~~ I . N
~~~~~~~~~ T X SNS-FTS

-~

e Underground Argon

fary
o
>

e CCI (coherent Cesium lodide

1/duty factor

~ -~
-~
-~
-~
-~
-~
-~
-~ -
-~

second detector)

o tonne-scale

1 | llllllll | llllllll | llllllll | L L LIl
10—3 102 10! 1 10

Beam Power [MW]




Los Alamos National Laboratory

Proton Improvement Plan Beam Dump (PIP-ll BD) [arXiv:2203.08079]
New Dedicated Facility: FNAL Proton Beam Dump @ 1 GeV

1 —— 800 MeV Beam (1.18 - 102* POT)
e Single-phase, 100 ton W =S <F .
scintillation-only LAr detector ©'{ \\

0(20 m) proximity to target ‘ ALPs 1078
o Same tech as CCM200 o e
o 800 MeV -2 GeV beam ] = M 00 SN
possibilities o] mmsen [ svion £ g0l
e Projected world-leading e
sensitivity; R — > 10tk Vector Portal |
o Dark matter 18::, _—
o ALPs Rl (Scaan) [mram
o Sterile Neutrinos S e | e Relic (Femion) | ag=05
o v cross section 107" 1
measurements, etc. P = —, d—— m(GeV)
= TR 70
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https://arxiv.org/abs/2203.08079

