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Motivation

Gr |
(25
A pair of massless neutrinos mediated mediate a
(ong-range force via one-loop diagrams )
U
Gr
: e
-AIL (eao(mg O)’d-er V(fr) — £ Feinberg & Sucher (1968)
Ag3yo Feinberg, Sucher & Au (1989)

Hsu & Sikivie (1994)

At distances larger than T um, this force s weaker than the gravitational
force befween fwo profons

[s there any way to probe this force that has wot been explored yet?
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Possible answer

To observe a small effect, ook for symmetries that this  force
violates:

The fwo-neutrino force s the largest (omg-range parity-violating

nferaction tn the Standard Model

Spotler:

We £ind that the effect of the parity non-conserving force o atomic systems
15 Finy
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Observing atomic parity violation n atoms
Cousider stimulated emission 1 an atom:

- Electric dipole transitions E1 : between states of opposite parity
- Magnetic dipole transitions M1: befween states of same parity

If the Hamiltowan contatns a perfurbation that violates parity, its
e1genstates will contain a small mixture of opposite-parity corrections

l

Optical rotation: Left-polarized and right-
polarized light will refract with different tndex ™

of refraction tn a sample of atomic vapors G

)
p \\ 7/‘
rL 2L 7\
O = 7Re (ng(A) + n (1)) ~ TRe (ng(A) + n,(A) —2) R
\' R = Im [ 212V
heay resohanhce — M1

Reviews: Khriplovich (1991), Bouchiat & Bouchiat
(1997),...
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Parity violating forces in the hydrogen atom

Assuming a) a static nucleus and b) that the electron velocity is a small parameter,
the most general PV -potential 15

Vene(r) = HiF(r)d. - U, + HyF(r)éy - 0. + C(G. % 3y) - V [F(r)]
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Parity violating forces in the hydrogen atom

Assuming a) a static nucleus and b) that the electron velocity is a small parameter,
the most general PV/-potential 15

Vene(r) = HiF(r)d. - U, + HyF(r)éy - 0. + C(G. % 3y) - V [F(r)]

Loop-(evel: Enter the neutrino force
2 g*
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Parity violating forces in the hydrogen atom

Vene(r) = HiF(r)d. - Ue + Ho F(r)on - Ue + C(Ge X ON) - \% £ (r)]

Loop-level 01 = ~ £y (a” = "7 0l[r,(1 = 7"
| —iGr)? _ o [ dRAE '+m) i m
z/\/l:—( 5 ) eN [F“FV]/ 2y 6 (q—k — K)Tr [zF’“‘ (kfz +m2) il 155+m2)] eN.

> >
G 1 S
Ve~ D ( + st + \UezF) (26, ) Vi (1) + (6 X 53) - VWi (7)]
V., 1s computed by taking the Fourier transform of the parity-

P : \ , ,

P conserving Part of the amplitude (using the Cutkosky cutting rules)
- G5<m? K3(2m,r) - G5<m? Ky (2m,r)
Dirac _ F!'Yoy, £33 Majorana _ Fiity £32 v
Vw/ (T) A3 2 Vw/ (T) 973 3
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Effect of the neutrino force on the hydrogen atom

Ghosh, Grossman & Tangarife PRD (2020)

Unperturbed eigenstates n, fyme, 5,4, Sp, Se)
A, F=L,+S,+S, J=L,+5,

The energy of a state with f,j,¢,s. = s, = 3

Enfjﬁ — (EO)n =+ (Eﬁne)nj =+ (Ehyperﬁne)nfjﬁ

a’m a*m n 3
( O) 2”2 ( fi ) J 2”4 <] 4+ % 4)

(Ehyperﬁne)nfjﬁ — Qg r3

atg, AU+ 1)mZ (f(f+1)—j3(G+1)—2) < 1>
My 47(5 +1) nt

The only degeneracy remans tn my
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Effect of the neutrino force on the hydrogen atom

Ghosh, Grossman & Tangarife PRD (2020)

. ¢0|V1¢0>
We treat V  as a perturbation = |¢y) + Z Up)
P#q q
> 2£ 5.,204+3 2042
(nbm|VEg ' m')y ~ | dnn? n” VES (' ~ e = g0 (s
0 my* Mz

7]5 r/ao

<n€m| loop |n/€/ >

“ () nexp [ (5 + )]

for #=0 and # =1, the radial tegral does not converge,
tndicating the failure of four-Fermi theory

For £>2
o’ > me \*
d e NanyN) ~ M0 -
— /0 N exp(—Tsup?) (mz>
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Effect of the neutrino force on the hydrogen atom

Ghosh, Grossman & Tangarife PRD (2020)

Let's look now at electric and maguetic tramsitions: Use states with £ =3 since
they can mix with states with £ =2 and =4

El
Our goal: To compute R= Im( Miv>

[A) = |4,3,3,5/2,3) = 4F5 5 ps 1B) =14,3,3,7/2,3) = 4F7 )9 p—3

Before adding V,,, these states have the same € and there can be an M1
fransition but wot an E1 tramsition

But they are corrected

AlVpnclA)

NP
A) = 14) + 1

A) +--- |B)=|B)+

A) = [4,3,3,5/2,2)
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Effect of the neutrino force on the hydrogen atom

|A) = 14,3,3,5/2,3) = 4F5 /9 p—3 1B) =14,3,3,7/2,3) = 4F7/2, p=3
A A
A=A IA) = [4,3,3,5/2,2)
N (A|Vpnc|B)
|B') = |B) + Eo— Ex |A) +

So we can finally compute

El A'|P|B’ 1 1
R:Im< PV> :Im < |A| > <—_+S%V+_|Uel|2>
M1 (A'|M|B’) 4 2

The rotation due to the neutrino force would be ® ~ 1073 rads

(

Q

)
m,
—77x 1073 +3.7x 1073 <—)

am,
)

\

This s about 23 orders of maguitude smaller than what can be
measured (v the lab (with Cs)  Lintz, Guéna & Bouchiat (2006)
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Can we probe the neutrino force using atomic parity violation?

Not yet! The measurement of optical rotation due to the neutrino loop s

extremely challenging given the resolutions we can achieve today.

Nonetheless, this calculation, performed for other systems, could (ead to
somewhat (arger quantities and the next step would most (ikely be au
application of this idea to many-electron atoms, beyoud the simple hydrogen
case. The matrix elements (n these atoms are amplified by an additional Z°
Factor,

Although the effects of the neutrino force on the hydrogen atom are exfremely
small fo measure tn an expertment, the neutrino force 15 the largest long-range

parity-violating force there is.

Thank you!

Walter Tangarife - NuCo 2021



