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LDM and Detection Channels
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Compton Scattering as Low-Energy BacKe

® Compton scattering: important ER channels, cannot be discriminated.
> Step-like structures in the low-energy spectra: atomic binding effects.

® Performing advanced atomic approach with the Multi-configuration Dirac-(Hartree)-
Fock (MCDF) method.
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MCDF and RIA in Compton Scattering

® Ab inito calculation of Ge (by MCDF)
* MCDF vs. HF: Relativistic, many-body (electron correlation, configuration interactions)

® Relativistic Impulse Approximation (RIA) approaches: reduction to a two-body
interaction, a photon and an electron with momentum (Compton profile)

® Differential cross-sections

Heaviside step function
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MCDF-RIA verus Data in EPDL

Sub-shells K Ly L11a Ly M; Miia Miw  Mma Mo Ny Ni1a Nt
181/2 281/2 2171/2 2193/2 381/2 3P1/2 3P3/2 3d3/2 3d5/2 481/2 4291/2 4P3/2
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Experiments and Data analyses
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Experimental Setup
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® Measurements:

Lead Shielding

Geometry build in Geant4.

- Energy spectra: d*c/(dEdQ)
> Scattering function

3(X)s . =

(

do
dQ

)./

do
7L9)

).

) S(X)C.a.’

® Key approach: accurate scatfering angle

calibration.



Determination of The Scattering Angle

error(degree)
scattering angle of 0° error < 0.01 L R
calibrated horizontal plane error <002 —
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Total error <003 T
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® Scattering angle is determined by calibrating horizontal plane, z-direction and
arbitrary scattering angle.

- Geometric error is within 0.03 degree. Simulations in 26: Livermore (1275, Monash (12100)

e UNKNOWN source distribution:-> Measured source separation (0.27+0.01 deg)

® Geometrical scattering angle is NOT identical to real scattering angle
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Data Analyses: Candidates Selection
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———— correction p———
ces o F 107 _ 1.5, 2 degree

QZI Com ton sig. & 8 ; s :
m Ra d‘:)m bkg 1 SRV E— ........................ ................... S mm.u_latm_n.ﬂ ...... B and.. B_..K.G._ ............... .
O 5 : .

KT
.a."- L

Data Analyses Backg round e

)
=
o

Time interval (s
o
o0
: . .:_':—._I:-:[

- . . LI L P . . PN
_'l:.'." '1":_..|' T [ A !f ."..llI i !: -._'I:l:-l‘. 'I-.f' . -__-"' '|.'-.""-'..__ ek, _".. . naete LI [ v . I-| L hn el o woe
b e b e e el B T L e L T T L e B o e A - o " H R LR Y
=1 R T O L) AT T "'-i'-'!....l:.' .‘.'-‘.--!:"" R 'I".".-lr"."l s PR HTI M W R vy
2, - '..."i . "".'.:ll :_ e S '.."-..I'. I T T L T I ".'.-J.' e it . - T o L

- Or,." ke s . T b e e et e A Sy . et ' EL PR ) K
] - '_1'1'-“-"|.| :"':.-..'-lr'."' R LR, -\'| WP .'."-.:':'..'\.\.-:I:&"."' ‘, = "\.E E " . I_.‘_'.‘ = Ak e L R O

"-___"-_-\.-_J.;. _._.._‘".- TR T e R Pl II' e T - R ';'“1, LT .-I..i BT . [} TRy o ]
B N UL S L - o 'E. d o' = 1 4 . b |'|' L - N .
e el 41 . L LY 1 <. u - el

- r

10° C>

2 T Lot
. ca rl 'II" LT * iy
- ."'II.- L :;_. e "
ST REAE ) I ; L
O 4 - L T w e ! [ atry £l
] LI e '
i o B i ! ' [ l
. | ]
[ [ H
1

.....
ol

| AT 4 o [
- -'".'.I.'. ” o =
W7 o W
P I Bl
O 2 - ! - . b T I e
] . ._:'_1_:..”‘. Ll . ;
_--.""" - .'..'-: .k ." H]
g } . '\. I"" -I'I I.-| .

" . A -'. .-
PRI PoR: % R t "E-" LN
Pt | eJec on b
a .. e T el
LTI LR T ._-__ — :-\. L ) .

‘ .I::-‘;- u_‘-L,':"'-_i,’ 3 __-.-.:,_ .ﬂ {. 5.-."#}”-:.-{’.; ) ﬁ -_:,,..,.."'".,r..;h".r'“i:', ;'_.f o _.-';'"'- i "-E"~':":'+.";~.T! f;:: ,:'__; 5L_": | . | L | L1 | L
0.0 _ P m At = .I. L LI LU Ia--l ETC T A TIN I.-.,..-- AR AT LN -I. oty Tt -.I"r o 100 0 16 18 20
0) 5 10 15 20 25 Energy (keV)
Energy (keV)

® Background is classified intfo two categories:

> Accidental coincidence: uniformly distributed in the parameter space; Source related bka:
concentrate at signal region.

® Amount of source related bkg is about 20% of the accidental coincidences background
> as source contribution and with delicate simulations
> Shape has minor dependence on scattering angles and removed from other angles
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Data Analyses: Low-energy Efficiency .
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® Compton peak region of 1.5 degree measurement dives into electronic noises.

> Electronic noise is excluded by PSD cut in A-E(Ge) parameter space and efficiency
correction has been applied on the simulated spectra.

® PSD efficiency correction introduces the largest systematic error (low-energy).
® PSD efficiency determine the analysis threshold of 1.5 degree: 180 eV.

® Suppress the investigation to lower momentum transfer region (See SF part).
Chang-Hao Fang @ 2023 PIRE Collaboration Meeting 12



Experimental Results
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® Penelope, Livermore model match but Monash model does not!

Preliminary

® Data prefers Livermore model. The differences between measurements and
Monash model are significant.

> Monash@12 deg: p-Value: 4.62148e-07. Beyond 5-sigma!!
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The Scattering Function
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Influence on DM Backgrounds
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Compton Background: Scattering Functions

® Environmental gamma sources: 214pp(352 keV), 214Bi(609 keV), *PK(1461 keV), "°T1 (2614
keV) and etc.

® Test conditions: scattering functions, source position and HPGe mass.

® MCDF-RIA results are 5.3%-7.4% higher than the HF-RIA increasing with incident energy.
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Compton Background: Source Position

® Environmental gamma sources: 214pp(352 keV), 21*Bi(609 keV), YK (1461 keV),
203T1 (2614 keV)

® Test conditions: scatfering functions, source position and HPGe mass.

< 1400 4
0o === Ns: 14.78 eV Do I (e h
~ Lo P FaaRdaaden
'IE 1200 N Md: 29-90 eV E E !
3 | Mp: 124.90 eV P i
O P
S BRI Ms: 180.10 eV S
2 1000 A -
< || Lp: 1248.10 eV 5_._;—"*-13*
s004 Ls: 1414.60 eV
K:11103.00 eV - ol
600{ T o =
4 50cm : :
400 A ‘ ‘
200 - ==
0 .
1074 1073 1072 1071 100 10!
Energy (keV)
£
© 12004 -+ Ns:14.78 eV - - i
2 | Md: 29.90 eV s | '!Mm
= ) I - i
8 1000 - Mp. 124.90 eV .
s | Ms: 180.10 eV D Do i
< gpod Lp: 1248.10 eV Do TSN
----- Ls: 1414.60 eV .o o :
K: 11103.00 eV D :
6001 4 P+ - :
T — —
4 50cm s :
400
200 A
0 .
1074 1073 1072 1071 100 10!

Energy (keV)

«=== Ns: 14.78 eV

7009 ... Md: 29.90 eV e
- Mp: 124.90 eV P g
O - - -
5 6007 ..... Ms: 180.10 eV i s
< c004 Lp: 1248.10 eV . g tete:
----- Ls: 1414.60 eV Lol $
400 - K: 11103.00 eV Do
+ P+ D :
3004 4 50cm Do D v
200 - . P
‘BIZ‘I 4‘ y :
100 - : :
0- 2
1074 10-3 1072 107! 10° 10!
Energy (keV)
< ]
Q -==- Ns: 14.78 eV - S s
£ 500 ... Md: 29.90 eV AR
3 | Mp: 124.90 eV Pl P '
o . . - -
caan ot Ms: 180.10 eV - e i
2 400 - : : e .i:
g | e Lp: 1248.10 eV P P Vet
----- Ls: 1414.60 eV P Pl T
300 | K: 11103.00 eV Coor :
+ P ———
w] |TROB|
O .
10~4 1073 1072 107! 100 10t

‘ .
...@“‘

Chang-Hao Fang @ 2023 PIRE Collaboration Meeting

Energy (keV)

Background different raised
by positions within 2.6%.
Minor influence.

18



Compton Background: Detector Mass

® Environmental gamma sources: 214pp(352 keV), 21*Bi(609 keV), YK (1461 keV),
203T1 (2614 keV)

® Test conditions: scatfering functions, source position and HPGe mass.
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® Performing ab initio atomic many-body Compton scattering calculations.
> MCDF: fully relativistic, many-body effects (electron correlation, configuration interactions)

> Significant difference on scattering function (Differential cross-section) in low-momentum
transfer region.

® Experiment to investigate low-momentum transfer Compton scattering behavior is
accomplished.

> Scattering angle is well calibrated and issues are fully concerned.
> Background, efficiency and systematic errors are concerned.

® Livermore and Monash Compton model in Geant4 are not identical.
> At 12 degrees, the difference with the Monash model exceeds 5 sigma.

® Current experimental setup is hard to clarify the differences on the scattering
functions.

® Analyze the influence of SFs, detector mass and source position on Compton
scattering for DM experiments with Ge detector.
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Thanks for your attention



