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Now: Journey to the unknown and seeking opportunities
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A generic light hidden photon

Our Hidden
Electromagnetism Electromagnetism

’X X “Simple” and Heuristic

€ determined by UV physics \/WV\/ « Massive dark photon;
One can easily generate it via Vﬂ G . ) ’
high-scale fermions charged /VW 45"?&&04 » Millicharged particles;

under both gauge groups. o Ultralight dark photon;
1

€ 1
L=Lsw—7 F, F'" 4 5 Fl, F" + 5 m2, AL A" .

See the discussion on the € size, e.g.,
Gherghetta, Kersten, Olive, Pospelov,
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https://arxiv.org/abs/1909.00696

Part I: MilliCharged Particles



Current Status & Futur
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MCP as partial DM
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Millicharged Particles at Neutrino Experiments

_ e

High beam energy
High beam intensity (10%°~1023
Proton On Target)

Sanford

Underground — —
Research g e . - S,
Facility o 3

Fermilab




Strong Beam, strong signal

Milli-charged particle production 10?° POT 120 GeV
e.g., NuMI beam: good source

for Millicharged particles mmH may — I

. = e=1072
= F N\
: 2 -
nghbeam energy S 107 F=SSSSSSISSISISISISIIIC
. (@)} =
High POT £ - NS
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NuMI beam: good source for Millicharged particles

High beam energy .o - ArgoNeuT
High POT farget -t

> | T .

c Decay Pipe ST | 0 .5170.5m*0.9m
Typical geometric < | 675 m >|e240m,
acceptance: 107> 1033 m (2)

i U U p ¢ J /1 DY
#/POT 29 32x10134x10237x10 '37x10 " 1.1x10 254x10 7 4.7 x 10 10

2 X Brx (%) _ 2.3¢°

1.4€> 0.04¢> 0.009¢> 0.018¢>

0.058¢>

12€2 —

AfegoNenT (g =20 MeV) B.1x 107° 2.1 x 107° 1.6 x 107° 1.9 x 107° 2.0 x 107° 9.1 x 107° 5.0 x 10™® 3.2 x 107°
54x107° 3.4x107° 23 x107° 22%x 107> 1.1 x 107° 4.6 x 107® 3.1 x 107°

ApreoNeuT (4, =200 MeV) —
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Productions: millicharged particles are boosted

Zhen Liu
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Detection

Signal scattering probability and mean free path

do 5 2E§7'n,c + E’m, — E, (mi + Wi 2E, + 71‘1.,()))
—_— = —— &
T2 - an® Va2
dE, E2(E2 — m2)m? i
e
. gt X
Dominated by y4
low recoil energy
TE, S .
< scattering c
. 9 . ‘6 T
= 1111
ET . g e
P —— 1 1{111 6
1 MeV
N
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Liquid Argon (LLAr) Detectors

o Large (ArgoNeuT, microBooNE, SBND, ICARUS, DUNE)

* (Clean LAr TPC gives 2-in-1:

« Tracking Bubble chamber quality of data with
- Calorimetry added calorimetry

« High Resolution

Particle ID _

@ P A3 e s aneYanny
oV vationf & T pambet

et
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CERN NP charged

R&D

1986-2000 LNGS—FNA
2010-13—2018

Yale TPC 2

) WEEL

B | Palamara
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Soft hits. will be commonplace. Slow neutrons,

Backgrounds , . . o
Y’s, cosmics, electronics, radioactives (Ar39)...
# frames with # Background events
Bkg Scaling | Bkg reduction Aligned , Aligned
> 0 hit | > 1 hits | > 2 hits | Singlets |Doublets Triplets
doublets triplets
ArgoNeuT | Reference | Systematic |3.3 x 10°[3.9 x 10°|2.4 x 10*| 4.2 x 10° |2.7 x 10" |0.24 1.1 x 10* [9.1 x 1078

Zhen Liu

Average occupation number per frame:
ArgoNeuT: 0.13

Dark Jouney

CETUP* 2024
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We then recalled a key feature of LAr detectors,
and designed a new search:

Background Reduction

 Double hit probability ~ (Phit)?
» If we have spatial resolution — 2-hit BG can be reduced
by requiring alignment with target. ,

N aligned

dy X 0x X 0z = 5.6 mm X 0.3 mm X 3.2 mm

dr Oy

detector
target
Eaiiii il SO B signal
— detector
farget 8
e T ‘[ﬂ#*]_— - - - background
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Expected reach

10~

1072

103

-4 1 1 | 1 11 11 I | 1 1 | 1| 1 11 | 1 | 1 | L1 11
10 10’ 102 103 104
m, (MeV)

Harnik, ZL, Palamara, 1002.03246
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http://arxiv.org/abs/arXiv:1902.03246

Search for mCP in ArgoNeuT

H .
T L
4 © ! o . .
s0l? . ) ‘ 9| —* * Uncertainties are determined by
1 -¢ > ° 177
40+ 18 |1 * the uncertainties in the locations of the
b ~ clusters inside the detector
201~ ? . 3 + 0.015 cm in the horizontal drift direction
E e 5 o ! 'Iilrget Iifeation , L& - 0.28 cm in the vertical direction
S 0 : ! 8 - 0.16 cm along the beam direction
_20}- ¢ 14 i * while small compared to the size of the
: *i | » .. ¢ detector, uncertainties become quite large
~40~ace - Y o . 1 when extrapolated to the location of the target
- L
i | o0 (1033 m upstream)
60} e Lo —gp—
o
~80=—e | e e Locations of the points of intersections of lines defined by
i =\ | ee . two clusters with a plane perpendicular to the beam
_100* o Lo b1y - el X ) ,:.t - | gl

Y0 -8 6 -4 2 0 2 4 6 8 10 atthedownstream target’s edge

one mCP Signal Candidate Event observed,
Compatible with the expected background

Zhen Liw8 Dark Jouney CETUP* 2024 07/02/2024
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The Candidate Signal Event

ArgoNeuT
e

30 cm Collection

'ﬂﬁﬂg “ "i.
o e @9 )
A\
o
Zhen Liu9 Dark Jouney CETUP* 2024
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New exciting coverage

101

1072

MiliQ@SLAC

MiniBooNEE

——”
____________

="

DUNE:

300 times intensity (POT)
240 times larger detector
2 times closer

m, (MeV)

Zhen Liu

Dark Jouney

Harnik, Liu, Palamara, 19’
Liu with ArgoNeuT Collaboration, 20’

New Experimental |

search conducted!

10°

Millicharge search -
1.0x10%° POT -

ArgoNeuT

CETUP* 2024

10%

100

80

|.|1|.|l‘lIII_IJ‘I.II_,I‘I
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Looking into the future

Harnik, Liu, Palamara, 19’
Liu with ArgoNeuT Collaboration, PRL, 20’

I I | T
» 1 | DUNE:
10" MiniBooNE, - LHE ~ | 300 times intensity (POT)
- | 240 times larger detector
1 | 2 times closer
1072 _ '
" WBDUNE & ArgoNeuT 1 hit
| DUNE projections (with our
103 — ¥proposed 2 hits and timing
Millicharge search  Strategy)
1.0x10%° POT -
......... ArgoNeuT |
10—4 | | | | I l | I I I T l | 1 | | I N
10" 102 10° 10
m,, (MeV)
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How to see Millicharged Particles (Again)?

Signal scattering probability and mean free path

Dominated by low recoil energy
scattering

‘ 2. 2
do 2T e

f Ex>my,me, Er e What if we lower the threshold?

2\2 / pmin Compared to LAr, Skipper CCD
) ( T ) BB increases signal efficiency by 10° (1
MeV v.s. 10 eV)

1 MeV

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 22



Single Scatter Detection Parametric:

 Detection Rate proportional to Volume

« SENSEI 3gram is small in volume, about 1/10° compared to
ArgoNeuT

 Detection Rate proportional to effective POT

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024
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New Results with SENSEI Collaboration ( )

14 ] 1 1 14 T 11 1 T 7 [ T Jd
Combined Existing Limits:
-2/ o
10 MilliQ@SLAC, LHC, LEP, :
ArgoNeuT, LSND, BEBC, J
proto-MilliQan
W
1073 = -]
SENSEI@MINOS )
10.-4 1 1 1 1 L 11 l 1 1 1 1 L 11 1 l 1 1 —
101 102 E
m, [MeV]
Zhen Liu Dark Jouney CETUP* 2024

3 gram of detectors with 3
days equivalent of data
already achieving new
results.

07/02/2024 24


https://arxiv.org/abs/2305.04964

There are many already “under construction”

1 g,
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’ r ]

_.9 'o' ~l &
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Solid: one month of current
beam;

Dashed: one month of
current beam with OSCURA

Dot-Dashed: DUNE beam

1 with OSCURA

(-4 SaaSENEEL ke 107 PO OMINORY Ly < e*-scaling
10"5 ___________________ 1111charge search —
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with the OSCURA collaboration ( )

10° f“H"e”g aa . Assuming 1kg skipper CCD for
- it-3an electrons g= « . %
L Hit- 3 and 4 electrons early. science” of OSCURA
—— 2 Hits - 2, 3 and 4 electrons experiment.
101y —— 3 Hits - 1, 2, 3 and 4 electrons

Different background level

assumptions:

» Very conservatively
assuming a large number of
backgrounds;

» Adapting our multi-hit
strategy;

» Also shown in dashed the
zero-background
projections (consistent with
my earlier calculation in the
previous slide).

101 102 103 104
Mass [MeV]

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024


https://arxiv.org/abs/2304.08625

Good at Excluding. Are we good discovering?

I think so:

One can test if the excess events follow (this requires a
reasonable modeling of backgrounds) the expected
behavior:

5. 2 B N
do o QEX,mc + BE-me — B, ('””x + i 2K, + m,)))

— T € :

B2 — a2 Y2
dE, E2(E2 — m2)m2

a2 92
do 2Qmae

o

. — 2. "
{!E? E,.>m, m.E, L rMe

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024
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Fast developing frontier:

. 161
Beyond beam production, we can have: {-',,,m;,._,_['

« Atmospheric production of MCPs (e.g, 10
Plestid et al, ; Du, Fang, Liu ) i

e Local (and collected) abundance of 1‘3'2{
MCP (a fraction of) DM, enabling new :

. . ey
searches such as using ion-trap g /
heating or cavity-like experiment R antiproton
w 10 >< [Borchert et al.

?Be* [Hite et al.]

<)

®Ca* [Goodwin et al.]

On the theory side, a few aspects to
improve:

« Signal efficiency calculation (dark
ELF);

« MCP production prediction
Improvement.

Budker et al,
2108.05283

Also Carney et al, 2104.05737

3

Mygp = 10° em™

0 10 10° 10" 10° 10"
mg[GeV]
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https://arxiv.org/abs/2002.11732
https://arxiv.org/abs/2211.11469
https://arxiv.org/abs/2104.05737
https://arxiv.org/abs/2108.05283

Part I1: Dark Photons @ Dark SRF

Mainly based upon A. Romanenko et al,


https://arxiv.org/abs/2301.11512

Intro

There are many past, ongoing, and
future searches.

Today, I share the pathfinder
journey and results of one such
effort and discuss its future.

Graham et al, Phys.Rev. D90 (2014) no.7, 075017

S. R. Parker et al, Phys. Rev. D 88, 112004 (2013)

J. Hartnett et al, Phys. Lett. B 698 (2011) 346

J. Jaeckel and A. Ringwald, Phys. Lett. B 659, 509 (2008)

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 20



Frequency (Hz)

Pathfinder result ; 5 9
1007 - -

Our pathfinder run results
already explore new territory!

2= Fermilab

‘ - T -
e Ll
. — = AL |yl A
STERC J o pgh 12 » . ]| [ e e
v M | Y

CMB

Dark SRF

Pathfinder Run

SQHS-

\ [ 7z . -9 BN I Lo
W IR i Y Y N 10 10—7 10—6 10—5

Work was performed at Fermilab and University of Minnesota
m, (e V)

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 21




o mHz Hz kHz MHz GHz THz keV
An a.Ctlve 100 oo oo vl ot oyl e e il s s ool o ool IH"LLLMU”M WRTTTI (N WA

UpLter @ra
program: much 10! R s
less known when 18 ;
not dark matter -
107>
%D 10¢
%1077
g 10-8
o 1077
_':1' 10—10
qg) 10—11
Q 10—12
10—13
10—14
10—15
1016
10-%7
10_18 ALLLL SRALLALLL JRUALALL LA SRR JLAALLLY WAL AR RUAALLLL QAL AL ||||I'IT| ||||I'I'|| |||||Ir| |||||II'| AL WAL EUAALLL UL AL WULLL AL |

AT A6 A5 AA 4D A2 Ay A0 9 9B _T AN AV DA D
407107107407407 407407107 10 40 40 40" xo xo @ xo 407 10 107407407 10" 40

Dark photon mass [eV]
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What is Dark SRF?



Light Shining through Wall (LSW)

d@%&v@w
s WN}{ N\ AN ~—N /\,\][) |

€
L

| asor

I: J' NLSPAPrRO

The physical effect can be discussed in
b differont basis; here, I choose the
interaction basis that contains two
different propagation modes.

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 5



We have the best SRF for High Energy Accelerators

Superconducting RF Cavities:
 Large fields
« High Quality

Superconducting Radio
Frequency (SRF) cavity

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 36



— i _Qrec [dexE:av(f) j(f)
fd3$|ﬁcav(f)|2

receiver (’I’, t) - w Ecav (F) €th




SRF for Dark Photon: naive parametrics

Signal Strength (store ergy) then should be proportional to (my, )
4

Y
S F €4Qreceiver QemitterPemitter|G|2
Background noise should be proportional to. e.g., thermal dominance
B < Temperature

Background fluctuation controlled at

trun gup

integration

AB < Temperature \/

Background noise also received contribution from possible cross-talks:
B« P emitter

Zhen Liu Dark Jouney CETUP* 2024

07/02/2024
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Real Cavity Configuration

Real geometry:
high gradience

—

Eecay (F) eth

v
.

oo

e
o

E . _ Qrec [f dBLEE av(aj) j’(f)
| w | [ dPa| B (@)

S A
YYVVYYVYYYNVYrnrs e i
LA AAVALARTACRERERSRRI,
vvm“mmm N

Hidden Photon field
highly oscillatory
(numerical stability)

wfd Z| Eeay () ]2

) Lot
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Dark SRF Pathfinder Runs



Pathfinder run(s) summary

v'Design
v'Tuner operation

v'Microwave scheme for
matching the frequencies

v'Actual data — first acquisition

Zhen Liu Dark Jouney CETUP* 2024
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DEWAR | ROOMT

Qo=4.5x1010 VA

RF system

top, with PLL

emitter

50Q

Q0=3.0X1010

Signal Analyzer

i HEMT
L
Zhen Liu Dark Jouney CETUP* 2024



2019 Run pictures

43

07/02/2024

CETUP* 2024

Dark Jouney

Zhen Liu



Cavity frequency matching — Step 1

~6 MV/m
Transmitter
(with PLL) t

Tunable
size/frequency

|

RF
source

@ ==

-20 dB

0]
10 4
20 4
30 4
40

From now on, most
measurement are shown in
dBm (dB 10log(x),
dBm=10log(x/mW).) Note
that we are always in dB-
space, 3dB = factor of 2 in
linear space.

50 -
60 -
70 -

. -90 -]
Recelver

2120
2130 4

Y P

100 - MY
110 -}

Receiver power on spectrum analyzer (dBm)

REC

On spectrum
analyzer

CETUP* 2024

PLL (phase lock loop)

Zhen Liu Dark Jouney

1299952050

12999%2650
Frequency (Hz)

44
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Dark Photon search! — (Step 2)
~6 MV/m

TR

RF
source

Transmitter

(with PLL)

©® == ‘

Zhen Liu

Receiver

|

Tunable
size/frequency

Dark Jouney

REC

On spectrum
analyzer

CETUP* 2024

Receiver power on spectrum analyzer (dBm)

-160

T

! ! ! ! ! 1
1299952050 1299952650
Frequency (Hz)

07/02/2024
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Back to Step 5 = Step 1 — all in tune
~6 MV/m

TR

Transmitter
(with PLL)

0
Wb
20 4
30 -
40 -
-50 4
ol
70 4
80 -
-90 -
oA
.
-120 4
30

ITunable

size/frequency

RF
source

@ ==

-20 dB

Receiver

Receiver power on spectrum analyzer (dBm)

' ' ' 1
1299952050 1299952650
Frequency (Hz)

REC

On spectrum
analyzer

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 46



Measurements and Results



Thermal run v.s. Search run

* Blue: Search run
« —151.8%015 dBm

 Red: Thermal run
« —151.6%0%3 dBm

(uncertainty driven by the
integration time)

Zhen Liu Dark Jouney

Receiver PSD (dBm)

~151/
~152/

153

I I I

— — —
T &) | &) |
p n N

~157"

Amplification=37 dIB

Qy=3.0x10""
Q=1.3x10%

Search Run

~151F

—152F

PSD (dBm)

~153F
—154©

_155©

Receiver

~156 |

157

—-1000

-500 0 500 1000

f-fo Mz

Thermal Run We just c.ount.ed fo = 1.3 GHz 7
photons in this \ | Window size ~107° |
window. i
—4 -2 0 2 4
f=fo (Hz)
CETUP* 2024 07/02/2024 48



Frequency (Hz)

Exciting New

7 108 10°
Coverage 10‘5l ! /
Our pathfinder run
results already 107D TS

explore new territory
in such a log-log
space!

€ 1078

We'’ve learned a lot

about the system and
published our first 107
results and been

developing many

new future directions 1010 be here...

(as planned). ‘10—7 106 10-

- _
-

—-—=
| | II\I\IT

S
N
e
Ll

If one uses the equations and
plugs in the numbers, we should

Zhen Liu Dark Jouney m,y (eV)



High-Q not always a blessing



I lied (oversimplified) quite a bit:

« High-Q is a double-sided sword
e Our pathfinder result did not benefit as Q* that we initially wanted

* We are in a different limit that has not been explored before: % < dw (the sources I will

highlight soon)

 Post the end-of-2019 pathfinder search run, we had to perform many validations- and
cross-check runs between 2020-2022

A GHz device can be stable in kHz-level ~ To get a physical sense,

(Q = 10°), but many of its properties Cavity size: ~20 cm

are not stable at subHz-level (Q > 10°). Quality factor: 101°

Hence the line width: 0.13 Hz

For Hz-level stability, one needs to ensure the cavity
size does not change at the sub-nanometer level.

T Many sources contribute to instabilities: temperature,
bubbles, pressure change at the surface, etc.

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 51



Emitter cavity frequency stability

1298040655

Dedicated frequency
stability runs, two
effects:

1298040654.5
1298040654
1298040653.5

 Frequency drift

1298040653

N
T

» Microphonics

L 1298040652.5 l, I ‘ . .
> L .!““ n tme:
C 1298040652 f gromins : :
=R Parameter  Emitter Receiver
o 12 .
i Qo 4.5 x 10" 3.0 x 10"
1298040651 | 9 11
Qin 1.8 x 107 4.5 x 10
1298040650.5
Q:x 2.9 x 10** 1.3 x 10'°
R0 S—— freq. drift 5.7 Hz 3.0 Hz
1298040649.5 microphonics 3.1 Hz 3.1 Hz

max-min = 5.7 Hz .
1298040649 % 100 mins

0

Time (scans)

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024 52



Emitter Power (mdB)

The PSD of the Emitter and Receiver at a given moment

OF T —

I a)
frer=1298 107635 Hz 'E

~20 1+ Time Stamp: =
20220420-154 228 2

o

-40+ =
=

@

! o

-60 | 2
- 3
-80+ =
L - o

: .~
-100—— . . . 4 . . . . R T R R S R T » —

-200 -100 0 100 200
f~frer (H2)

Zhen Liu Dark Jouney CETUP* 2024

-130

-140}
-150}
-160}

~170}

-180

LI |

LI I

frer=1298 107635 Hz
Time Stamp:
20220420-154228

| ;2Uﬁ . ;1Dd I 0 . I:1UD|: |

f—Frer (H2)

07/02/2024
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Data Visualization and checks
(receiver fit; validation run 19, 2022)

Zhen Liu Dark Jouney CETUP* 2024 07/02/2024



We presented a very conservative limit

ar=%(2) [fdfa;EﬂE(j)(x)

 Frequency drift took as a
constant frequency mismatch
at 5.7 Hz @ 3.0 Hz

| G|2 N w? | G|2 » These are drifts at 100 mins scale,
w? + 462Q2.. our search is 30 mins scale;
* One can live-monitor and take the
w2 data with no drifts.
07 + 402 Q% e Microphonics modeled as
( w )2 constant frequency mismatch
- —Urec at3.1 Hz @ 3.1 Hz
( @ ) + 452 « Theoretically, it is a much less
w . . .
Qrec 5 suppression as it reduces effective
N (~0.04 Hz) 7 % 10~6 integration time. (Working on proper
(~16 Hz)? modeling.)
Essentially, modeled as
searching off-resonance.
Zhen Liu Dark Jouney CETUP* 2024 07/02/2024



Modeling Microphonics

H. Cui, S. Henrich, S. Kalia, ZL, finalizing.

The power calculated by different methods when =3ms

9.4x 10-2 When one controls the
( drifting effect (either use
8.x107 F y=0.4x27 HZ, wp=1.3x10" HZ, wy=4>2x HZ stiffer receiver cavity or
realign the frequency every

o™ . .
Q& 6x102 — No Jittering  few mins), the dominant
= _ , effect is microphonics.
™ —— Simulation

— -20 K

4 . 1 Our proper modeling show
— [v+24w,% 7|y0,?  that it impact on SNR is

2.x107 about 40% suppression
instead of 10”™-5
- suppression, restoring my
0 20

original estimation but with
needed search protocol
updates.
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Near (or far?) Future

« Improving noise
isolation and control
into few photon
limits;

* Improve Q (seems 107

require careful
discussion)

« Phase-sensitive
I'ead()ut SQMS Snowmass contribution:

10719 - 2203.12714
e Off-the-shelf cavities
—>better designed
and treated ones

» New design C.
° NeW Search protocol 10—13 - DarkSRF — Prellmlnary =

10712 10-10 1078 1076

ma[eV]
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https://arxiv.org/abs/2203.12714

Kinetic Mixing, x

Other and related activities

4 x 10716 ]
3x 10716
SQMS team:
2208.03183
2 x 10716
I 90% exclusion
-8 _I6 —I4 —I2 6

101

pom = 045 GeV em ™3 ADMX-2 ADMX-3

Dark Photon Mass myu: - 5.369619709 ueV (peV)

Frequency [GHz]
10° 10!

Park photonsas darl matter

WISPEYNEX

HAYSTAC-2
TASEH JEIIPIS-X N
HAYSTAC-1

ADMX-1

1 T ]!0|76 T T 1 T T 1 T ]!0|75 T T 1 T T T T i074
Dark photon mass [eV]

Zhen Liu Dark Jouney

» Dark photon DM search (squms 220503123 5. shuet
al 2305.09711);

« Axion LSW validation and search;
* Single cavity design
« Double cavity multi-mode design
« Double cavity plus conversion region design

Axion DM search;
Gravity Wave validation and search;

Millicharged particle search;

Photon mass constraints;

See many recent studies, and also partial
summaries in SQMS SRF paper: 2203.12714
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https://arxiv.org/abs/2208.03183
https://arxiv.org/abs/2305.09711
https://arxiv.org/abs/2208.03183
https://arxiv.org/abs/2203.12714

Outlook

 Fun journey to the unknown and physics at different scales
 Millicharged particles:

» New Search Strategy proposed and results obtained
« Future runs with liquid Argon Experiments

« New Search Strategy proposed and results obtained
 Future runs with CCD tech

e Dark Photons:

* Designed new SRF cavity-based LSW experiments;

» Covered new parameter regions in the log-log space;

« Learnt & learning to handle ultrahigh Q opportunities;
 Establishing and developing schemes for robust tests;

 An active program ahead:
« Many planned steps improve the results significantly;

« Many possible theory research directions to improve the results & treatments (interested
parties highly welcome!);

« Many “adjacent” exploration and searches possible;

Thank you!
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(Milli)Charges through Matter

t

Bethe

Lindhard

Minimum
[onization

Zhen Liu Dark Jouney

uw" on Cu

Radiative

Radiative
effects EHC /
reach 1% 7 Radiative
/ losses
I/ Without ©
CETUP* 2024

mCP’s do the same, but less so.
Below detection threshold.

Above threshold - individual
coulomb scatters
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Matter Effects

* En route to a detector, mCPs travel through ~240 meters
of dirt.

* Energy loss is negligible in region of interest.

» A random walk of soft scatterings (off nuclei) leads to
small angular deflection

Zhen Liub1 Dark Jouney CETUP* 2024 07/02/2024
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LArTPC at work

S Wi
b4

m.i.p. at 500V/

~ 50,000 photons/cm
Charged particles in LAr
produce free
ionization electrons and

scintillation light

RS

Cathode
Plane

AR RN

s

NN

Ionization charge drifts in a
uniform electric field towards
the readout wire-planes

Scintillation light signals from
LDSs give event timing

Zhen Liu Dark Jouney
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SRRRRN

W v ke werne oS e

Digitized signals from the wires
are collected [time of the wire
pulses gives the drift coordinate of
the track and amplitude gives the

deposited charge]
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HZB Helmholtz

Zentrum Berlin

* Field amplitude variation: = Helium pressure fluctuations
Dynamic Lorentz force, Af/AE,..2 = 1Hz/(MV/m)? Af/Ap = 50-60 Hz/mbar,
-> Ponderomotive instability SRF Gun:30-100 Hz/mbar

16 mbar+30 ubar

Babbly Stug Flow

Heat transport
dynamics in LHe
Thermo-acoustic .
oscillations
(cryo valves...)

= Deterministic, .

narrow-band

e s sources:
MI_C_prhOnIC.S Vacuum pumps

» Response of the m 222 Hz :
Cavity-Helium vessel-Tuner G. Bissof Lowest modes:
system: Transverse

Mechanical Eigenmodes 151 Hz
— Is that the whole story?

: G.P. Gelata et al. International Journal of Thermal Sciences 2
TTC Mil 2018, WG3,A. N
Zhen Li e o Volume 58, August 2012, Pages 1-8

» Stochastic 2
background g |
noise

Mechanical oscillations of the Cavity:




Particle Physics-Astrophysics-Cosmology Webinar (PAC Webinar-51)

Journey with Sourced Millicharged
Particles and Dark Photons

A lecture by Zhen Liu

Speaker:

Zhen Liu is currently an Assistant Professor at the University of Minnesota.
Zhen received his Ph.D. from the University of Pittsburgh in 2015. After
completing his Ph.D., Zhen conducted postdoctoral research in the Theory
Department at Fermi National Accelerator Laboratory between 2015-2018 and
Maryland Center for Fundamental Physics at the University of Maryland
between 2018-2020. Zhen’ s research has a broad scope on phenomenology in
high energy physics, spanning from new physics searches at collider facilities,
such as the LHC and various future colliders (CEPC, muon colliders), neutrino
facilities, such as the DUNE and ArgoNeuT experiment, as well as small-scale
experiments, such as dark SRF, Windchime.

Abstract:

Hidden U(1) symmetries are widely prevalent across numerous new physics models and have
garnered significant attention. These symmetries give rise to intriguing testable phenomena, such
as "dark photons" as the force mediators and "millicharged" particles representing the matter
content. A diverse range of physics experiments and search strategies have been developed to
investigate these phenomena. In this talk, I will discuss my recent work in exploring these elusive
particles, covering both theoretical foundations and experimental results. I will focus on the
unique aspects of controlled search approaches, where we actively source the fields under
investigation and discuss the future prospects in this exciting research area.
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