
A search for 7Li axions with Li2MoO4 
detectors in the AMoRE experiment

Jeewon Seo 
1  IBS School, University of Science and Technology (UST) 
2 Center for Underground Physics, Institute for Basic Science (IBS)

¿¥”�•‡ B

¿¥”�•‡�” ¿���‚¶̄ '‚ƒ –�”»�‚•  ̨�‡„��  ̈�����  ̨¿�…�• ,̨ –�̂ �̊œ̇ —¿‹–‚¿ł�  ̇– �̇§¿  ̋̇ ����� ¿�–‚� ·̇  ́��¿º̇ �‚æ��‡“ ��‰ …̃”�� ¿�–‚� ·̇  ́‚¯̂ …¿¡ �ß¿º� ·̈�. Basic System

Design Standards Manua l BS-402

Type A Type B Type C Type D

Type E Type F Type G Type H

Black BGUST Dark Gray BG

 09

BACKGROUND 

COLOR USAGE I

배경색상활용은 UST Identifier를 명확히 표현하기 위한 규정으로 브랜드 이미지를 형성하는데에 중요한 역할을 

한다. UST Identifier는 백색 배경에서 지정색상을 사용하는 것을 원칙으로 하며 이는 배경과의 관계에서 명확하게 

보여지기 위함이다. 적용 조건에 따라서 Embossing, Gold, Silver 등을 사용하여 표현할 수 있으며 이러한 

색상활용은 UST의 이미지 표현이 잘 드러나는 범위 내에서 가능하다.

배경색상 명도 기준

White 배경에서 Full Color로 적용하는 것을 원칙으로 한다. 

Black 배경에서 UST Identifier를 Full Color로 적용할 시에는 원래의 컬러를 유지하여 적용하는 것을 원칙으로 한다. 
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Motivation for solar axion search
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Doppler broadened 

(  K)T = 1.5 × 107

Axion resonant absorption to 7Li

The number of axion absorption event  
Nabs = 1.74 × 10-45 ⋅N7 ⋅ t ⋅ma4 

The number of signals on the detector  
S = ε⋅Nabs

ma = 1.55 × 1011 ×  eV  ( S
εN7t )

1
4

N7: The number of 7Li in the crystal, t: live time (sec), ma: axion mass, ɛ: detection efficiency 
For this relation, isoscalar and isovector coupling constants of the KSVZ axion model were used. 

 ,     g0
aN = − 3.51 × 10−8ma g3

aN = − 2.8 × 10−8ma
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AMoRE-I detector

• Yangyang Underground laboratory (Y2L) 
• ~ 700 m vertical depth (2000 m.w.e) 
• Detector module with enriched Li2100MoO4 crystals 

and deplCa100MoO4 

• Phonon detector is located at the bottom of the 
module 

• Photon detector is located on top of the module
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Solar axion search with AMoRE-I
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Crystal
Mass  

(g)
N7  

( × 1024)
Exposure  

( × 1024⋅Li⋅day)
Efficiency  

(%)

LMO1 300 1.92 606.72 2.38

LMO2 312 2.00 632.00 2.92

LMO3 312 2.00 632.00 2.57

LMO4 308 1.97 622.52 2.86

LMO5 378 2.42 764.72 3.46

Total 1610 10.31 3257.96 14.19

• Full peak detection efficiency for the 5 crystals obtained 
by Geant4 simulation. 

• The measurement time is 333 days. 
• Our system has 50 ms dead-time for each event.

AMoRE-I detector
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Energy calibration and events selection
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• Literature energy: 351.9, 511, 583.2, 609.2, 1120.3, 1173.2, 1332, 2614.5 keV 

• The mean energy (µ) obtained after Gaussian + background fitting for 
each crystal 

• µ as a function of literature energy was fitted with p0x+p1x2

Cut
Efficiency  

at 478 ± 10 keV (%)

LH ratio 96.00 ± 0.11

Rising time 97.93 ± 0.10

Muon veto 99.78 ± 0.11

Total 93.22 ± 0.11

µ

Energy
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Signal shape
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• The resolution is different between crystals. → We decided to fit and analyze them before merging. 
• The peak shape is almost Gaussian at the low energy region. → We use the Gaussian function for the fitting model.

The shape of the 2.6 MeV energy peak The ratio of left and right width of the peak
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Systematic uncertainty
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Energy scale bias

Crystal
µ - Energy

478 keV 511 keV

LMO1 0.72 ± 0.27 0.62 ± 0.31

LMO2 -4.24 ± 2.40 -4.17 ± 2.39

LMO3 -0.18 ± 0.19 -0.17 ± 0.18

LMO4 0.24 ± 0.16 -0.21 ± 0.11

LMO5 0.10 ± 0.28 0.06 ± 0.22

µ-
En

er
gy

• Second-order polynomial fit on the difference between the 
fitting result and literature energy as a function of energy. 

• The uncertainty band is a sum of the uncertainty from 
changing the fitting function.
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Systematic uncertainty
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Energy resolution

Crystal
σ

478 keV 511 keV

LMO1 3.31 ± 0.24 3.84 ± 0.24

LMO2 6.72 ± 2.43 6.73 ± 2.41

LMO3 3.07 ± 0.19 3.14 ± 0.19

LMO4 1.99 ± 0.13 2.12 ± 0.12

LMO5 3.97 ± 0.22 4.01 ± 0.21

• The energy resolution ( ) of the gamma peaks can be fitted by  σ

σ = p2
o + p2

1E + p2
2E2
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Least square fit
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χ2
i = ∑

i

n

∑
j

( fi(xij) − yij)2

σ2
yij

+ ∑
k

(ak − pk)
Δak

fi(xij) = Ap0
1

2πp2i

exp −
xij − p1i

2p2i

2

Gaussian for 478 keV

+ p3i
exp [−

xij − p4j

p5j
]

exponential background

+ p6i

1

2πp8i

exp −
xij − p7i

2p8i

2

Gaussian for 511 keV

 = data 
 = fitting model


 = central value of the systematic 
source 

 = systematic uncertainty

y
f(x)
a

Δa

The number of parameters = 41 
 = crystal id

 = data point

 = systematic source

 = parameter

i
j
k
p

478 keV



TAUP2023, 28.08.-01.09.2023.

Axion mass limit
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• Full peak detection efficiency at ROI: 14.2% 
• Exposure : 3.258 × 1027 7Li·day 
• Simultaneous shape analysis at ROI with 

exponential background for each crystal 

  
                 keV at 90% C.L.ma < 5.5
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Summary
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AMoRE-I AMoRE-II

Crystal size Ø 50 mm × 50 mm
Ø 50 mm × 50 mm 
Ø 60 mm × 60 mm

Total mass 1.6 kg 180 kg

NLi7 1.13 × 1025 1.28 × 1027

Efficiency 
(%)

14.19 21.83

Axion mass 
(keV)

< 5.5 ~ 2
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dΦ(Ea)
dEa

= ∫
R⊙

0
dΦBe

ν (r)k
1

2πσs(T )
× exp [−

(Ea − Eγ)2

2σs(T )2 ] Γa

Γγ

Axion flux

Ra = ∫
∞

−∞
dEa

dΦ(Ea)
dEa

σ(Ea) =
π
2

kσ0Γ ( Γa

Γγ )
2

∫
R⊙

0

dΦBe
ν (r)

σ(T)2 + σ(TE)2

The rate of the absorption of solar axions per 7Li nucleus in the laboratory 

σ(Ea) = πσ0γ
Γa

Γγ
exp [−

4(Ea − Eγ)2

Γ2 ]
Axion resonance absorption cross-section

Probability of axionic emission

Γa

Γγ
=

1
2πα ( ka

kγ )
3

1
1 + δ2

g0
aN β + g3

aN

(μ0 − 1/2
) β + μ3 − η

2

= 4.12 × 10−15m2
a

 : solar radius, : fraction of the  flux at the earth,  
: standard deviation of the axion energy spectrum 

 : maximum  resonant cross-section of gamma rays 

 and : spin of the ground and excited states of 7Li nucleus 
electron conversion factor 

R⊙ dΦBe
ν ν7Be

σs(T )

σ0γ =
2I1 + 1
2I0 + 1

2πλ2

1 + α
I0 I1

α ≈ 0


