M. K. Singh, H.B. LI, H.T. Wong

Institute of Physics, Academia Sinica, Taipei, Taiwan

Based on: arXiv:2308.07049 (2023); PRD 101, 013006 (2020).

L Introduction | 1 Likelihood Analysis J [ Sensitivity Projection ]
Neutrinoless double beta decay (0 Furr 1939 | . Zes = ZSE B : :
3 y (0vBp) | Y ] ,, %o = LEND) 50) )1 [£15=0) By sy Standard-Model-allowed irreducible background
A — A _I_ Ze J ; J _ e B+ (B e b}i o = U(o=L = — 211 _20 A - _ NI
Aps = Zi2Agp > " Vi “(5) B oS fs(E) NA,, — Y. 2A,, + 2€
" N b+ S Js(F e + 2v |Goeppert-Mayer, 1935
® Forbidden in Standard Model N H{ 7o | 24pp = Z:2Agp [Goepp Y |
o Al =2 o Worse resolution (A) 4mp Larger Rol €@ Larger 2vBp
" ' ” P(qo|Ho) d v > Y PlglHo) 8= [ PlgolHi)dg B = 2 PlaolHy)
_ _ _ _ ! > / v = / (go|Ho) dqo ( (qo|Ho b= /[] (qo|f11) dqo | = Backg round
§ Observation of Ovgp implies new physics: B2t
| j | v Lorn = L0 5 136Xe, Q,, = 2.458 MeV
@ Neutrinos are Majorana particles (v =v) o] T B (Bt )N BBy e, Qpp=2. eV,
® | epton humber violations _ — 10 fe 11 |ms) wone Eqan] || 10F i B,S) O0LL7) Eq) N no! t27,,=2.2 X10%Lyr, 1A = 100%,
e i ] 1 ¥ % : ' N
e Effective Majorana Neutrino Mass <m,> #0z./ [/} =t I - N R I ——= 1 B fptv- fou(E)+S - fs(Ei) _
. . R T R & I - i S | <l (Btv+5) forp, = 100%, ROl = Qpy £ 4o
8 Energetically possible for 35 nuclel Bl /AN LT B e LR =
] [,2/ \\ 5 i ] G:: b - \\\ 136Xe, BI =10
® A few are experimentally relevant | BN\ 81 S S ot R ~ | bk 10°F 10—t =
Energy (keV). : :il‘_\l _6,55 N E-l.tl..\..m... % E___ CE —Z(Ey
§8 Present work: Required Sensitivity: Exposure vs 10705 Is | 0 I 120 140 160 180 200 10} we
BaCkground (g, ,)0 q.(1)  P(qH) Eq.12) : ~ 10° _ 3> 10* e NO _104§
p 10 P(g|H,) Eq.11) P(g|H) Eq.(12 . . . . s : - = Y = 100 ton- S QL
Formalism ] T o wup T ame Approximate Distribution of Z 0 ~ ; Z — =
L ; p mmnme T T s i g, for Large-Samples T [ DT em 10:g [C guf 1025
2 .E‘m_l .: n 1 1 1 1 § =1 - ~— ;r X = 1.0 ton-yr
A Half-life in Mass Mechanism : [Tl ] Gogs | M| ‘<m g~ TS PlaolHo) = 5000) + 5 7= e " 07} ;IO\ "
1/2 = S f o J107 ol 107!
| | 510_3 3 PlgolHy) ~ (1 = ®(VA))(q0) Yo za0t N YIRS Yor 0203 R 1(‘7)2 3 4567 10
A Effective Mass: <m,> = [UZ;|m, + |U2;|m,ei* + |Uzs|m,e 10- " - \/;\/Z_Ofe~—(@—ﬂj“fﬁ 0,, () 0, "
SO\ | " d a 136 2 '
10°E S no Xe, BI =10 Xe, BI, = 1.0
A Experimentally measurable Half-life: ooy Cgh Z(S|{ni}, B) ~ | [ Poi(mi| F(Ei|S, B)) , wher i —, W ===z Z
107 20 30 %0 80 100 - '«; S o) o — ] : = -
€ror | o q i|o, D) = B+ 5 Js(L) |- w(ky 3 i 1031§ ]
1/2 =In2. N(Alm) tpag: [ RbI] =n2. [M(A )] 2 - [Nng] 0 2 ) s T r—— bbb 2107~ ol —510-,\
s i obs i o > =" B = 1000 onYT  NO o~ | "
3 = [P} Fo - on- L
A Combined Half-life: Cou ntmg VS Extended leellhood £ - Ee AEM: NO 2
" s z2S 22S F Y = 100 ton-yr Q
30 - < sl p— 128 || © sk " \ 28
|M0v|2[g4 HOV] _ Nobs HOv = In?2 ( N, )GOV ol 0 ST R S S— _____________________________ y E —;—-(s um - I]/S o 10 Y = 10 ton-y \ 10 —— g_\
A <m,>% |3 M(A,)mZ) S g 03 - 107 == 10 tonyr \ 107k
' \ /—%‘ 10 Z_g ) E— o ZIZZZZZZZZIZZZZZZZZZZIZZZZI;Z"' ...ZZZZIZZZZZIZZZZZZZ 0_2_ | (SO [2 _ SU[E(‘L-I‘])/Su[a?(‘E - E 10—1 ; == 10 ton-yr \ —H10- 1
. S [T | i FE f : T oz 0. W 2 1 2
A MOdEl fOI‘ NME’S Uncertalnty 23 T — S 01\ 10203 Qﬁﬁ(%)z Faser T AQMI(%)2 R
\ J = | SR e e e —— g:c - '
o _ ; Ov Ov|2 ST T T N - N O E _ _ _ _
% In Theory - Inverse correlation between G™ and |M™] oo ’ Syt : E 3 Divergence: Solid & Dotted lines mp 2v8f Start to Dominate the
7 1 11 ———90 cont] |....— - S : : .
’*’ [?ec_ay rate_s (1 event/ton-yr with full efficiency) are : so[_c[f(,,;]] | [T T N7 R —— Sensitivities
S|m|| ar at glven <mﬂﬂ> and constant gA = o || _________ e | __________ ] _035 L :
4 -3 i) 1 T4 3 -2 — - - - ~ 0) -
T — — — § 10 10 B/G];O(countg}RMS) 10 10 10 BOIGElO(counts/RMS) 10 d At Bl,;=10° (counts/FWHM-ton yr)» (AQﬂﬂ’ ) = (<1%, >1.5 ton
- ‘_"T‘t “‘"T "*_f“’lid < yr) & (<0.4%, >310 ton-yr) to cover 10 & NO
_ 10 (IR 1R R % > SolLcg]l <SPt SolLc] ‘ LLess Events Required to Establish Positive Signals Q AtBI, =1 (Best Achieved) » Overlap of Solid & Dotted lines
E 3 — S > At :(BO/GEO)SO.Ol]‘Criteria of P50, _ Satisfied for all B in Leg NOT in £, 2vBA is insignificant
7 10F = i <
g ; ; E > At [(By/ogy)>1 ‘ Counting-only Analysis Overestimate Sy,[L~¢] by 6% o :136Xe, Y =1 ton-yr ! 10:136Xe,2 =10 ton-yr
==:_- 107 fl‘l‘f_g = > At [(By/og,)~103 ‘ S,%Pt[cont] Underestimate Strength of Sy[£Lce] by 20% o \:\U.NO .
- Chs Q. 3t B, =1 L7 o 3t
-+ < N S O [ (R A SO 2Y e ereranarnra s ra s nnnnnnnns n < R
=0 { 0;_ 1 : g > SPYLA] ‘ Overestimated by ~ 30% & > Sy [Lg] for all (By/og,) > 5% 104 g 2l o e I?ARWIN;: ;:\e: 2l
E E g - 2 ~ qgﬁl; % 4@%1:
| -- i 2 Background Uncertainties o w17
-1 2 < ' ’ :
10 1 VO 10 10 S Yers = 2(5.BIE) 0.2} Bm.,h§=1 0.2f B = 1
: . T S B gy = i( = 0)= | ZeEBE =0
+* No favored OVﬂﬂ |SOtOpe. 0 N no! LeoE B(b. B ) BI, (counts/FWHM-ton-yr) BI, (counts/FWHM-ton—yr)
2 o NB. fB+S- fs(E;) T N 36y e. 3 = on-vr 136 _
S° (ton-year) ( Rol) o ( 1 ) Xl_ll[ LS ] . Z(S{n:}.B) ~ ol Xe 2 =100 ton-yr] o Xe X = 1000 ton-yr
N <m,,> N n : 10 : o : :
o o obs” bE [ [ Poi(ni| F(E;|S. B)) | - Poi(no|r B) | B JUNO 4
*» Realistic interpretation lies within a factor of [0.5, 2.0]. i=1 3 o el 3 NO
7 ~ ~ 2 : ° == 2
- - 30 °\:/ B, =1 DARWIN > §
Statlstlcs & Theme e s o . % ST
\ J 20 ﬂ . ~ < R
d Discrete/Complete Poisson ‘ (1) Low Background . 03 | hmah o |
7 » | 0.2F 0.2} B =1
3 Continuous Approximation (11) Rare Processes I ML Y T
é 3r 107 106 10° 10* 10° 102 10" 1 10 107 10—6 10° 10* 10° 102 10" 1 10
STEP-1 S 2f BI, (counts/FWHM-ton-yr) BI, (counts/FWHM-ton-yr)
. 40355%;- . I MY of 10 ton-yr (with AQ,,<1.4%) & 100 ton-yr (with AQ,, ~ 8%
ZNgbs 1 P(i; Bp) = (1 —0.00135) ;g L — ,EEEEEEEEEE____GB/B=250/ = - S e — 6 /B = 25% § Z y ( Q’B’B . 0) y ( Qﬂ’g 0)
z 0" O AT AP MiPiryersn My Y I o Required to Cover 10
STEP-2 510 £ T TS TSI PR— 107 103i3 o 10& ounts/RMS) 10 .
; S L B, (counts) Ey M Probing Entire NO s Not Possible even with 1000 ton-yr @ Best
24 Nobs P(5; [Bo +So]) = 0.5 g 3; % Realistic Experiments‘ Background B, can have Uncertainty o Achieved Resolution = 0.12% of 76Ge
T '1 R ] < At low-statistics (B,<1) mmmp Negligible Effects of a;, [Larger in L than Leg] ¥ Coming Generation of Projects mp Could Cover 10 at . >10 ton-yr
08 —ﬁ**‘“ . - i‘f3::j::fff%::f";'".";';';'.'"i';""";'".'--.".".-."*i"_;-";----."----.--.".-;fi*:. weve marareerin i s Statistical Fluctuationsq Dominate Over Uncertainty in B,
[ ‘x __________ B | - e B, (counts) : : M Covering NO entirely mp Require 3 ~ 1000 ton-yr at AQyp < 1%
: | \X | [ Optlmal ReglOn of Interest ] Together with BI, at < 10! counts/FWHM-ton-yr
L s S o ] 30— : . L. .
£ »\ U _ Mt | N DA T y M Required X in Realistic Experiments: 3 *=73 /[IA.gq]
0.2f— - X — . - CPoi(<C ) = T(C+1) 1 f’ -
a \\ A N ~ 10 = ; :::::::::::::::::::::::::::::5::::::::::::::::::::::::::::.:"'_:::::::::::::: Choice of N°rt =14 S & P t
|80 e W SOOI e e o=1 ummary & Prospects
Events ST ES 1| Optimal [@ minimal S.[£ )
———— = 3 U O - o A | P @ olLcll M Two Expected Featuresmp Required Signal Strength
0: | . é 2 ‘ ........ ; ,/ """ - """""""""""""""" """"""""""""""""" i} » At large (Bo/ Ogp) = 1 : :
- E s | i, — — vl In counting-only experiments:

m | £ _ _ _ _
| n : V] Strength can be derived correctly with complete Poisson analysis
éc . : 250 ;i[. 40 ;106501 i imz::::::::::;::::'" ] il H,,,,i T ] ] ] ]
= o B, fcounts) L 1 10~ 10°3 Bﬂ/glo-(z tl(/)_lllM $) 1 10 V] Continuous Approximation would underestimate the values

—0.4 _ _ ] . _

Wb — S-S o R B B A B M Incorporating continuous variables as additional constraints:

[0 SR | Z2000 A O O B P S e e e ' | | | _ M Reduced Signal Strength relative to Counting-only analysis

10* 107 10-2B ( clg-l'l nts) 1 10 10 10 10 IO_B ( (!311 nts) 1 10 10

0 0 ,
At smaller (Bo/og,) Vary Acknowledgment ]

a S, derived with complete Poisson mmmp Always > Continuous Broadly mp Fluctuations _ _ o o _

Approximation This work Is supported by the Academia Sinica Principal Investigator
0 Continuous approximation mm) Always Underestimate SO @ Low counts Award AS-1A-106-M02, contracts 106-2923-M-001-006-MY5, 107-
0 Both Consistent =) Within 3% @ Large B,> 100 o Lo Ministry of Science and Technology, Taiwan, and 2021/TG2.1 from

ey /Glﬂfcountg‘}f{MS) 1 the National Center of Theoretical Sciences, Taiwan.

l XVIII International Conference on Topics in Astroparticle and Underground Physics (TAUP2023), Aug 28-Sep 01, 2023


https://www.postersession.com/order/

