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BASIC IDEA

Wave-like DM

a~ cos(wt —k-x

Determined by f(v)
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BASIC IDEA

Wave-like DM

a ~ cos(wt — k - x)
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k=m,v

Velocity
Determined by f(v)

But usually invisible to detectors

1. Va~k < w ~ 0:a

2. For 1 experiment, can choose
x =0




BASIC IDEA

Wave-like DM

a ~ cos(wt —k-x

¢ Velocity k =mqv
Determined by f(v) |
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BASIC IDEA

Two Detectors

Measurement at MI'T

b, ~ a(xq,t) Z\/f ) cos|wyt — Ky - X1 + Oy
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BASIC IDEA

Two Detectors

Measurement at MI'T

b, ~ a(xq,t) Z\/f ) cos|wyt — Ky - X1 + Oy

Superposition of
e ap X y/PDM Random phase

velocities

Nick Rodd - Dark Matter Interferometry



BASIC IDEA

Two Detectors

Measurement at MI'T

b, ~ a(xq,t) ~ Z v f(v) cosfwyt — ky - X1 + @]
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Measurement at MI'T

BASIC IDEA

(I)lNCLXl, Z\/f

Measurement at SLAC

Py ~ a(x2,1) Z\/f

Nick Rodd - Dark Matter Interferometry

Two Detectors

cos|wyt — Ky - X1 + Oy

cos|wyt — Ky - Xo + ¢y

1



BASIC IDEA

Two Detectors

Fruits of a collaboration™

D, + Py ~ Z / f(v) cos[wyt + ¢y ] cos[ky - X12/2]

X192 = XiiF= N9

*Requires ps-ns level synchronization

(exact value depends on m) 12
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BASIC IDEA

Two Detectors

Fruits of a collaboration

D, + Py ~ Z / f(v) cos[wyt + ¢y ] cos[ky - X12/2]

= Seo(w) ~ - /dgvf(v) cos?[mqVv - X12/2]0[|v| — vy]

(%%

PSD remains exponentially distributed
= full likelihood formalism

c.f. [Foster, NLR, Safdi 17]
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BASIC IDEA

Two Detectors

c.f. 1 detector PSD:

f(v) —» F(v) = 4/d3Vf(V) cos?[mgv - X12/2]6[|v] — v,]

Interference leads to a modulated speed distribution
® Contains information invisible to one detector
e Result varies with x;2 - daily modulation

e Simple generalization to N detectors

Nick Rodd - Dark Matter Interferometry 14



BASIC IDEA

Two Detectors

OUTLINE

(FOR THE LAST FEW MINUTES)

c.f. 1 detecto

1. Toy Example: scalings & intuition

o) — F( o[V = |

2. Realistic Case: estimating v,

Interference leads to a modulated speed distribution
® Contains information invisible to one detector
e Result varies with x;2 - daily modulation

e Simple generalization to N detectors
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ToYy EXAMPLE
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ToYy EXAMPLE
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ToYy EXAMPLE

0.018

0.016 1

0.014 1

— . 0.012

; . — = > A\gB _
0.010 | F % Aap = 2m/mg(v) ]

3 0.008 1

SN

s/km

0.006 1

0.004 1

0.002

0.000 ' ' ' ' o
0 100 200 300 400 500 600

v [km/s]

F) =4 | d°vf(v)cos?[mgv - x/2]d[|v] — v] X f(v)

19

Nick Rodd - Dark Matter Interferometry



ToYy EXAMPLE
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ToYy EXAMPLES
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DAILY MODULATION

A Unigue Wave Dark Matter Signal
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DAILY MODULATION

A Unigue Wave Dark Matter Signal
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DAILY MODULATION

A Unigue Wave Dark Matter Signal

0.014 ———
N =2 — 12 am
0.012 | e 6 am
: ' — 12 pm
0.010 [ S PP X190 K )\dB
E : — - X12 > A\aB
=2 0.008 |
_92, I
= 0.006
N ! : )
0.004 £ Yy
i /
\ & Ui D 0.002f 2
¥ B i
v R g &t T
et ' AT 0 200 100 600

: _O,Skrr.;)‘sl‘-'.;'l' SR v [km/s|
How well can we estimate the direction of v ?

Nick Rodd - Dark Matter Interferometry

24



DAILY MODULATION

A Unigue Wave Dark Matter Signal

>-‘ North —
E 7 107 %
> =

= g e
= Bast [/ Z
= - .
= <

102
South
Mg — 10 neV 25

Nick Rodd - Dark Matter Interferometry



PRELIMINARY

DAILY MODULATION

A Unigue Wave Dark Matter Signal
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DAILY MODULATION

A Unique Wave Dark Matter Signal
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CONCLUSION

A Unigue Wave Dark Matter Signal

* Encodes information invisible to 1 detector, e.g. v

e Carries the unique fingerprint of dark matter
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RESULT FOR A GENERAL J/

d(x,t) = \/Za(x,t)
<S<IDCI>((U)> = AWF (Uw) Exponentially

Distributed

Maq Uy

Flv) =N / dv f(V)X(V)S]v] — 1]

2
X(v) =1 N Z COS|MV - X]

(25)€C

Unique pairs
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TOY EXAMPLES

Anisotropy? Interferometry X

L o)) 8

(V) = S 14¢ .
f 7T3 / 2 U 8 Toy Anisotropic f(v)
1.2+ 0 =0
—_— 91 = 71'/4
1.0 — th=7/2
0.0 0.5 1.0 15 2.0 2.5
01 = arccos(T - z) x/A

Stream? Interferometry v/

4 G_UQ/’U(%

Vg sin g

— —1min
0-90 /0-90

fv) 0(6 — 00)9(¢9)

Toy Stream

-T:)\dB

0 30

Nick Rodd - Dark Matter Interferometry

6IO 9IO 1éO 150 180
91 — 9() [deg]

X!



PARAMETERS FOR REALISTIC CASE

e Data over 24 hours

e Read out every 30 minutes, 75 averages/read out

e 0.04 Hz resolution

32
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