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Overview

® Setup Reminder

® Qualitative Signal Features

® Nal, GCsl, LAr, LXe, S1, Plastic Scintillator
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Setup Reminder

-_iSO cm

Beam Dump «—
2 m
Ebeam — 4 GeV
Production Detection
Laark = Lpr pruv | S g m?“’A’A’“ X(i D —my)
dark — _Z 13 % 5 73 2l V14 2 3 X [ mX X)

This talk: Rate comparison of different channels

Assuming elastic fermion DM scattering
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Electron Recoils: Signal Characteristics

+AT, do N 47‘(’6204041) [Zme(Ef( — Eer) — miEe]
) dBe E?(m%, + 2mcEe)?
Flat & Forward Peaked

EXER — me(EX + Me — ER)
V(B2 —m2)(E3, —m?)

cos ., =

E ER e
cos0.(E, p > m.) = ==X —(9< >%1
( X, R ) EXER

beam dump limit : light target, fast projectile 0. ~ 0
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Nucleon Recoils: Signal Characteristics

EXER — mn(EX + My, — ER)
V(B2 —m2)(E3 —m?)

X X cos b, =

Nucleon Recoil Direction, m , = 10 MeV
0.6}
0.5
_ 0.4}
Relevant scales overlap| =
2 0.3
. . O
Nontrivial angular 5
distribution 0.2}
More orthogonal 0
than electron recoils »
0.0 0.2 0.4 0.6 0.8
cos 6
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Nucleon Recoils: Signal Characteristics

X 2
do (4 5 )F12N 42@\, F22,N(Q2)
—— =~ (dme“aap
1 %+ Q7T
B 1 B 1.79
B = G gojmay P = Tr Q22

Y

[ ] [ ] [ ] 2 2
Distribution “breaks®” near ° ~m5% — 1IN knee ™
2my,

For benchmarks m 4 = 3 MeV, 30 MeV, 150 MeV

I'N xnee ~ 0o keV , 0.5 MeV , 12 MeV

To account for quasi-elastic binding effect, shift by~ O(MeV)
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Coherent: Signal Characteristics

Most scattering is “glancing”

EXER — mN(E +Mmy — ER)

cos Oy =

V(B2 —m2)(E} —m3)

lab-frame scattering angle

Er—my vy

0 Ey) — N —
cosOn(my > FEy) \/ER+mN »

v N ~ 90°
beam dump limit (heavy target)
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Coherent: Signal Characteristics

X 2c Il{ecoil Directilon, m, =10 .MGV
2.5} my = 250 MeV
my = 50 MeV
2.0
g 1.5
2
3|8
= 1.0}
0.5}
0.0} -
0.00 0.05 0.10 0.15 0.20 0.25 0.30
cos 6

Ditterence due DM production variation for different mediator masses
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Coherent: Signal Characteristics

Differential Cross Section

Tsai Form Factor
(with atomic form tactor)

a’t 2 1 2
— 72
Gza(t) (1+a2t> (1+t/d>

d=0.164 GeVZA—2/3

a= 111273 /m..

e.g. Carbon 12

ma = 3 MeV, 30 MeV, 150 MeV
TN xnee ~ 0.4 keV , 40 keV , 1 MeV
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Cross Section vs. Threshold, Csl

107

Csl 4510 kg (1m°), E, = 1.7 GeV, my=3 MeV, m,, = 1 MeV

103}

10%}

— Total 2 do
____________ g = d E ===
Electron ET d E

Proton

—— [—

———
—_——a
~
~
~
~

| (with binding)

1073

10~2 107! 1 10 10* 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Csl

Csl 4510 kg (1m®), E, = 1.7 GeV, mp= 30 MeV, m, = 1 MeV

107}

> do
o = dE —
I

Electron

104} Proton  \ N\ TTTe—e_.
(with binding) Proton
10°}
107}
10_3 10—2 10—1 1 10 102 103

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Csl

CsI 4510 kg (1m®), E, = 1.7 GeV, my= 150 MeV, m, = 1 MeV
107}
O
do
g = dF Fi5
108} Er
£ 105
NW
Q
g b
4| 1330 "~~o
s \
1271 \\\
| Proton N\
103}  Proton
(with binding)
1021 Electron \\\
. i O \ T R ..m.....
1073 1072 10°1 1 10 102 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Nal

Nal 3700 kg (1m°), E, = 1.7 GeV, my=3 MeV, m,, = 1 MeV

7 I~
10 S~o Total

Electron

106h Proton

14Na 1271

10%}

1073 1072 107! 1 10 10° 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Nal

107}

Nal 3700 kg (1m°), E, = 1.7 GeV, my= 30 MeV, m, = 1 MeV

>~ do
o = dF —
|

Electron

10* Proton  \ N\ TTTme—o__
(with binding) N Proton
10°f
107}
10_3 10_2 10_1 1 10 102 103

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Nal

107}

10!

Nal 3700 kg (1m°), E, = 1.7 GeV, my= 150 MeV, m, = 1 MeV

>~ do
o= dlb ——
I

1073 1072 10°! 1 10

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, LAr

106

LAr 907.2 kg (1 ton), E, =1.7 GeV, my=3 MeV, m, =1 MeV

107}

> _do
. Total g = dE—
J,,

10%}

Electron

______ 1; ;(;t_o_n—"“"“““—“ ML S
(with binding)

1073 1072 10°! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, LAr

107}

10%}

LAr 907.2 kg (1 ton), E, = 1.7 GeV, my=30 MeV, m, = 1 MeV

> do

o = dF —

10°} Er dE

40Ar

Proton
_________________________________ Electron
Proton \  TTT=<_
(with binding)
1073 1072 107! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, LAr

LAr 907.2 kg (1 ton), E, = 1.7 GeV, ma= 150 MeV, m, = 1 MeV
107}
®.@
do
. o dF ——
5 dE
e 10°}
=
-l
N\U
Q 41
3 10
b
g Total
1031 00, 00 T3
Proton
Pratoni i————HH— N T
102} (with binding)
Electron L
101. R RN | ......\ R ! .....m....
1073 102 107! 1 10 102 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, LXe

107}

10%}

LXe 907.2 kg (1 ton), E, = 1.7 GeV, my=3 MeV, m, = 1 MeV

\\\ m
do
“~._ Total g = dE dE
1 S NSk S B
Electron
Proton
Xe
______ 1; ;(;t_o_n_"“"_““ T
(with binding)
10-3 10-2 107! 1 10 10° 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above

Friday, January 15, 16




Cross Section vs. Threshold, LXe

LXe 907.2 kg (1 ton), E, =1.7 GeV, mpy=30 MeV, m, =1 MeV

>~ do
o = Al —
|,

Proton N
104 T‘\\\
""" Proton ~ \
(with binding)
103}
10%}
1073 102 107! 102 103

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, LXe

107}

LXe 907.2 kg (1 ton), E, = 1.7 GeV, my= 150 MeV, m, = 1 MeV

> do
Y ) o
1l /ET IE

Proton

Proton
1021 (with binding)
101 I_3 L L IIIIIII_2 L L IIIIIII_1 L I\IIIIII L L L1 11111 L L Illll\\z\klllll3
10 10 10 1 10 10 10

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Plastic

Plastic Nc = Ny=10%, E, = 1.7 GeV, my=3 MeV, m, = 1 MeV

107}

108}

-~
-~
-~
-~
~
-~
-~
-~
-~
—~—
——
—

> do
o = dFE ——
| g

T e

_————

103}

10%}

Electron

Proton

-

Proton
(with binding)

1073 1072

107! 1 10 10° 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Plastic

107}

> do
o = dF —
109} Llc;qﬂ dE

10%}

Plastic Nc = Ny=10%%, E, = 1.7 GeV, my= 30 MeV, m, = 1 MeV

~
~
~
~
~
~<
~o
-~
~ -
—~——
-
e ———

Electron

Proton

(with binding)

1073 1072 107! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Plastic

Plastic N¢c = Ng=10%%, E, = 1.7 GeV, my= 150 MeV, m, = 1 MeV

107}
> do
106* O':_ dE__.
B, 4E
10°}
E
=2 104}

_______ Total ________
102 I Proton T
""" Proton
(with binding)
101}
100} \ \\
1073 1072 107! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Si

Sil0 kg, E, =1.7GeV,my=3MeV,m,=1MeV

> do
109} 0 = /ETdEd—E

Electron

Proton

2 Proton
10°[  (with binding)

—— —
_——
al

~
N\
1
~

10!}

1073 1072 1071 1 10 10° 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Si

Sil0 kg, E, =1.7GeV, my=30MeV, m,=1MeV

> do
109} 0 = /ETdEd—E

Proton
101 | (with binding)

1077 1072 107! 10° 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, Si

108}

10°}

[cm?]

Nt 0'/&062

101}

10°

1071}
1073

Sil0 kg, E, =1.7 GeV, my= 150 MeV, m, =1 MeV

104}

103}

>~ do
o— dlF —
|,

Total

10%}

Si

Proton

------ Profon —~ =TT T e
| (with binding) I
Electron

S~
\\
~

1072 107! 1 10 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

10°

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, All

Detector Totals, E, =1.7 GeV, myx=3 MeV, m, =1 MeV
10’ wm kg, 1 m®)
Nal (3700 kg, 1 )
10° \ 5 LAr (907.2 kg, 1 ton)
\
1051 Plastic Scintillator
(1m’, Ny = N¢ = 10%)
E 104t
S Sl, 10 kg
w 103t
N
2z,
10%}
o0
do
e =tdB—
10"} o adF
10°}
1073 1072 107! 1 10 10? 10°
Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, All

Detector Totals, E, =1.7 GeV, my=30MeV, m, =1 MeV

105 \
LAr Csl (4510 kg, 1 m?)

(907.2 kg, 1 t()n) \
— 3
104 I \Mmkg’lm |

103} Plastic Scintillator N
(1m3, Ny = N¢ = 10%)
10%}
o0 d Si, 10 k
O' ) g

1 — E

= TS
Er -

10°}

1073 1072 10°! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above
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Cross Section vs. Threshold, All

Detector Totals, E, =1.7 GeV, my= 150 MeV, m, =1 MeV

< do
o = dl —
B, dE

CsI (4510 kg, 1 m®)

—— N\,
- LAr
(907.2 kg, 1 ton)

Plastic Scintillator

Nal (3700 kg, 1 m>)

102 [ (1m®, Ny = Ne = 10%)
Si, 10 kg
101}
10°}
1073 1072 107! 1 10 102 10°

Recoil Energy Threshold [MeV] (Kinetic Only)

Geometric Acceptance ~0.5% for Al dump, not included above

Friday, January 15, 16




Caveats/Comments

® “Morally correct” to convolve with acceptance beam profile
Here we use single energy ~ 2 GeV, since this makes tiny ditterence

Mainly matters for heavy mediator & DM regime
(where we have less sensitivity)

e (omputing rates requires relative Z./A tactors for number
densities of each species. May change ranking depending on
detector molecules (easy to rescale)

® Here focus 1s 2-2 scattering cross sections only. Folding in
acceptance 1s a factor in deciding detector material etc.

® Requests are welcome (materials, energies, data points etc.)
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