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Have we ever tested the weak sector of the Standard Model in sub-MeV energy regime before?
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How are we doing?

By observing Solar neutrinos
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SSM uncertainties

Measured error

-y ep-v 10"
pp pep ] 15 i 10 %
p+p—2H+et+v, p+e+p—2H+v, 2C+p-o>"N+y 10 pp [£0.6%] < Borexino
99'60/ . o:W : 10" +2.7% ‘
PP Hep s oHe+y| 18N > 13C + e* + x 1010 "Be [t6%] <+ oo
) = +
s ZA10% hepy | Mo ro o 10 pep [£1%] +— Hlew
+p >N +y k=
3He + 3He — 4He + 2p|{|®He + p - *He + e* + v, 7 = 108 +42%
pp-| 15% “N+p—>150+y "0 +p— "N+ He GE) 107 8B [+12%] —10%
3He + “He »> 'Be + ¢ 1 t ‘—g 106 _
150 —» 5N + e* + TF 5170 + et + n
"Be-y 99.87% 0.13% 105 | .
7 -' 7 7 i 8 ! + 104 — \+2 oNO UPER
Be +e - "Li+v, Be+p—>8+y 15N + p — *He + 12G| | 160 + p — 17F + Super-K
Y Y
103
- > N + p ﬁ O + Y .:::: ......
-li : 99.96%  0.04% _— st
PP 8Be* + p — 2%He 0 0 1 e s sgisisssanss
10- 1 R
-l .
PP Borexino Nature (2018) Neutrino energy (MeV)

Sekiya TAUP 2023
SNO nucl-ex /0204008
Bergstrom+ 1601.00972

Tarak Nath Maity 3



How are we doing?

By observing Solar neutrinos

SSM uncertainties

Measured error

pp chain CNO cycle 13
pp-v pep-» | e +10 %
p+p—2H+et+v, p+e+p—2H+v, 2C+p-o>"N+y 10 pp [£0.6%] < Borexino
1 . 1011 -+
99.6% : 0.4% ! Be [+6%] <— +2.7% SR
2H + p — 3He + ¥ 13N _ 13C + e* + % 1010 e [£6%] 18 AN
) + MUY
0 -5 0, 1 = o) —_ 0 \\ﬁ
8'5A) 2x1(3 ° hepv BC+p—->"N+y 2 19 pep [F1%] «— ﬁ}\\ﬁ‘\“
3He + 3He — %He + 2p|{|®He + p - *He + e* + v, 7 % 108 +42 %
pp-l  15% N 4 p — 150 +7 (<1770 +p — 1N + “He e 107 8B [+12%)] —10%
SHe + “He —» "Be + ¢ | 1 } % 108 e 70
15 15 + 17 17 +
7Be_v 99?7% 01‘3% 0O- l;l + 8" + F— O++ e+ w 105 // \ + SNO .
‘Be+e '_) L+, "Be+p '_) By BN+p—>4He+12C| | O +p > TF+y ::g: I Super—K UPER
Li+p > 2%He |[8B-y|%B —%Be*+e*+v 1 1 333820
= — b {nip 0y 102 s S,
*Be" +p — 2*He T = —==
o | BT
PP Borexino Nature (2018) Neutrino energy (MeV)
Sekiya TAUP 2023
U SNO nucl-ex /0204008
eaﬂ T Ue T
oMo Vy 1 U Bergstrom+ 1601.00972
(E,) %t AT
(E” ) \/
Z Z
€ €

Coherent elastic neutrino
-nucleus scattering (CEvNS)

Neutrino-electron scattering
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Observing neutrinos in DD(Xe)
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Neutrino events at DD? nuclear recoil
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CEvNS

Observing essentially the Standard Model process, can we say something new?
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Our results: nuclear recoil
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Our results: nuclear recoil

XENONNT
e, u,T

E) \/

e T
M 8B CEvNS I AC

100 200

Neutron MM ER ¢ Data

500
SRO

300 400

x f(sin* Oy,

dEy

100 200 300

cS2 [PE]

400 500

} Observed solar °B events depends on sin” @},

Counts/0.5¢

1 One can measure sin” 6y,

PandaX-4T
. Cathode
80 +MD
B +3B CEVNS
60
40

4 6 8 10 12 14
Number of electrons (S2)

| | I | |
3.5 | | | J | | | | | | | I[ T I
~ B |
i - 0 i : n
0.35T ~ ] : : 2 :
i = 3.0 | Y -
0 7‘ - I h':t: f
0.30 | 5 : _ s : _
i 25 L =X as = -
< T ! e
: el - - : =
u = . s I ~
- ey _ [ <
=025 A . 20 E | -
S | Jf ----- .- S i
~L T < |
=0.20F - <1151 | :
- 1 1.5 | i i
n === SM . I : |
i | APV-PDG _— :_1_0_ _________________________ Y Y ]
015 i 4 Dresden-II i 10 - :_
- - 4 COHERENT | - i :
B I chak _ n : }
0.10 I SLACELSS | - 0.5F i ]
i ¢ eDIS | - |
u ¢ NuTeV i ) |
i [N | Ll Lt Lt aaud L1 0,0 [ | | | | | | | | | | | | | -
1077

1072 107! 10" 10°

Q(GeV)

Energy scale determined from recoil energy regime

107 1077

Tarak Nath Maity

0.5

TNM, Boehm; 2409.04385




Our results: electron recoil
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Our results: electron recoil
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Summary

DD already probing SM in an uncharted territory
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DD already probing SM in an uncharted territory
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While recoil energy of our analysis similar but

heavy Xe nucleus shifts CEvNS in ~10 MeV scale
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