- INPC 2025

s
(8 ' May 25-30,2025
"'»‘33

DCC, Daejeon, Korea
Cosmic Muon-Induced Gamma

Background for Rare Decay Searches

T. Santhosh, M. Chaudhuri, M. S. Pose and V. Nanal

Tata Institute of Fundamental Research, Mumbai, India

(S tifr



Muon Induced Backgrounds in Shielding and ACS
Materials

Why is this important?

Double beta decay Neutrinoless double beta decay

v
Q

> Background suppression is critical for rare decay searches
* Example: %Zr — %Nb — %Mo*
i Regions of Interest (ROIs): 569 keV, 778 keV, and 1091 keV. i
* Dark matter interactions, low cross-section nuclear i
i astrophysics measurements

> The Problem: Muon interactions within the ACS/shielding materials can generate secondary
particles (neutrons, gammas) that create new background signals in the primary detector (HPGe).

> This Work: We investigate this muon-induced background using the CRADLE setup at TIFR-
Mumbai, specifically focusing on the BGO and CsI(T1) ACS.



Cryo-cooled detector for RAre Decay

and Low Background Experiment (CRADLE) 2Ll s s
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How Muons Generate Background in Shielding & ACS?

Primary processes Process Energies
L .
- Electromagnetic Interactions i Muon spallation > 300 MeV
| * Bremsstrahlung } Muon capture Stopping muons
| . ) |
i *  Pair Production i Production in EM ~ 140 MeV
> Nuclear Interactions (Spallation) | showers
| |
i -~ Muon capture i Photonuclear 10 MeV to 1 TeV
} * n+QAZ) - vu+ (A, Z-1)* - (A, Z-1) + Neutrons + Gammas } absorption
| |
| |
| |

Neutron Induced gammas

» Activation Products

-

| |
'~ Neutron-Induced Gammas (Often the most problematic) i o |
|
} * Fast Neutrons (from spallation, n~ capture) | v v
|
i > Inelastic Scattering ' Inelastic Scattering Radiative capture
| * Thermal/Slow Neutrons (after moderation) i Examples (n, ) on shield, ACS,
| '
| > Radiative Capture | *"Pb(n,n'y) at 569 keV, or HPGe (Ge)
| - "Ge(n,n'y) at 691 keV,
| |
| |

"“Ge(n,n'y) at 596 keV.



Data Analysis and Results
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Gamma spectrum in singles:
with BGO as passive shield vs without BGO
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Gamma spectrum in singles:
with BGO as passive shield vs without BGO
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Gamma spectrum in singles:
with BGO as passive shield vs without BGO
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Gamma spectrum in singles:
with BGO as passive shield vs without BGO
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Counts

Gamma spectrum in singles:
with BGO as passive shield vs without BGO
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BGO internal activity
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BGO's internal 207Bi lines (570, 1064 keV) directly impact key ROIs (e.g., 569, 1091 keV for %Zr 33 decay) i



Gamma spectrum in singles:
with BGO vs with CsI(T1) both as passive shields
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Colinte

with BGO vs with CsI(TI) both as passive shields

Gamma spectrum in singles:
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Colinte

Gamma spectrum in singles:
with BGO vs with CsI(T1) both as passive shields
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Colinte

Gamma spectrum in singles:
with BGO vs with CsI(T1) both as passive shields
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Gamma spectrum in plastic coincidence:
with BGO vs without BGO
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Gamma spectrum in plastic coincidence:
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Gamma spectrum in plastic coincidence:
with BGO vs with CsI(T1)
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Geant4 Simulation

Cosmic muons at sea level - Mumbai CRADLE simulation in Geant4-v11.2.2
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Counts/keV

Neutron induced-gamma: simulation vs experiment
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Counts/keV

Neutron induced-gamma: simulation vs experiment
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Gamma lines observed:

Energy (keV) | Source Chance Corrected
o11 208, 40K annihilation 13277 + 349
570 207Pb(n,n’y)27"Pb —

583 208Ph(n,n’y)208Pb 127 + 79
596 "Ge(n,n’y)™Ge 204 + 74
609 214Bi(n,py)?*Po 255 + 86
662 137Cs* —
1064 207Pb(n,py)2°7Bi / 299Bi(n,2n"y)2%"Bi -
1120 214Bi* -
1460 K -
2615 208pp(n,n’y)2%%Pb —




Summary

> Cosmic muon-induced gamma backgrounds were studied for BGO and CsI(T1) anti-
Compton shields (ACS) using the CRADLE low-background HPGe setup.

> The BGO ACS exhibited contributions from internal activity and more prominent
neutron induced background compared to the CsI(T1) ACS, which showed a relatively
cleaner spectrum in these regards.

> The observed gamma rays are also reproduced in the simulation.

> The high effective Z and density of BGO provide superior passive shielding against

external gammas.



Summary

> A significant enhancement of the 1460 keV (“°K) line was observed with both ACS
materials as expected.

> The optimal ACS choice for rare decay studies is therefore ROI-dependent, balancing
passive shielding capabilities against the specific muon-induced backgrounds

generated within the ACS.

> Detailed Geant4 simulations are ongoing to further quantify these effects and to
model the ACS performance comprehensively.

> Additional measurements are planned in the basement lab with concrete shielding.



Thank You

Acknowledgement:
We thank Mr. Kiran Divekar and Mr. S. Mallikarjunachari for assistance. This work is supported by
the Department of Atomic Energy, Govt. of India..



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

