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» Jo determine the neutrino mass from f-decay one needs to carefully
look at the end-point spectrum.
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Inrtial state effects Final state effects

Initial *H wave functions and
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phonons and electrons

Angelo Esposito

V SAPIENZA INFN 3/10 Genova U, May 2024

Intitsts Nansnile & Fuica Nackart



ROADMAP
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Accurate model of dN(m,)/dE,

Final state effects

Inclusive on *He state,
phonons and electrons

Inrtial state effects

Initial *H wave functions and
binding energies

Cond. matt.

* structure factor
* energy loss funct.

Cond. matt.

* binding potential
* known uncert.
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ROADMAP

T

Accurate model of dN(m,)/dE,

Inrtial state effects Final state effects

Initial >H wave functions and Inclusive on 3He™ state,

binding energies Data phonons and electrons
* how much loading?

* phonon spectrum?
* electron spectrum!?

* neutron scattering?
Cond. matt. S e Cond. matt.

* binding potential LE » structure factor
* known uncert. * energy loss funct.
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Accurate model of dN(m,)/dE,

Inrtial state effects Final state effects

Initial *H wave functions and Inclusive on *He state,
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APPROACH SO FAR

* Phenomenological approach employed so far:

initial state effect

\

i

H in the ground state of
a Initial “potential”
senerated by electrons, C
nuclei and other °H nuclei
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APPROACH SO FAR

* Phenomenological approach employed so far:

initial state effect funal state effect
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H in the ground state of

a Inttial “potential” He* can end up in
generated by electrons, C any eigenstate of the
nuclei and other *H nucle final potential
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APPROACH SO FAR

» Given the Initial and final potential, the matrix element for each
possibility Is:

M= Jd3x l//f*(x) Wo(X) e'9%
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» Given the Initial and final potential, the matrix element for each
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/—~ initial °H wave function
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APPROACH SO FAR

» Given the Initial and final potential, the matrix element for each
possibility Is:

final "Het wave function \ /—~ initial °H wave function
3 v>x< > 1q-X
Me=|d xy/f(x)l/fo(x)e
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APPROACH SO FAR

» Given the Initial and final potential, the matrix element for each
possibility Is:

final *He™ wave function \ /—~ initial °H wave function
) S " 1q-X
Me=|d xy/f(x)l/fo(x)e

» All these final states contribute to the final electron’s spectrum,

dl’
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APPROACH SO FAR

» Given the Initial and final potential, the matrix element for each
possibility Is:

final *He™ wave function \ /—~ initial °H wave function
) S " 1q-X
Me=|d xy/f(x)l/fo(x)e

» All these final states contribute to the final electron’s spectrum,

dl’

2r 5
o =7Z | M| “pp (E,)
2 i

* How do the potential and wave functions look like!
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«  Within the Born-Oppenheimer approximation the nuclel are subject
to an effective interaction:

Angelo Esposito g SAY ELE 6/10 Genova U, May 2024



NOT THAT SIMPLE

* A more basic question: what is the “He potential™

«  Within the Born-Oppenheimer approximation the nuclel are subject
to an effective interaction:

Eo(Xue» (%1} (¥} p(1xD)

Angelo Esposito g A ELE 6/10 Genova U, May 2024



NOT THAT SIMPLE

* A more basic question: what is the “He potential™

«  Within the Born-Oppenheimer approximation the nuclel are subject
to an effective interaction:

position of all the nuclel
G

Eo(Xue» (%1} (¥} p(1xD)

R —

electronic density, which depends
on the position of the nuclel
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NOT THAT SIMPLE

* A more basic question: what is the “He potential™

«  Within the Born-Oppenheimer approximation the nuclel are subject
to an effective interaction:

position of all the nuclel
G

Eo(Xue» (%1} (¥} p(1xD)

R —

electronic density, which depends
on the position of the nuclel

EEEeorom tnis to the 'He potential” turns out to be an [lIfpesEe
Glilestion. ..
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* Sudden approximation

After the decay everything Is kept frozen, the only change is the

additional *He™ charge,
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* Sudden approximation

After the decay everything Is kept frozen, the only change is the
additional *He™ charge,
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DIFFERENT “RECIPES”

* Sudden approximation

After the decay everything Is kept frozen, the only change is the
additional *He™ charge,

Lt S e
{XT,C}post o {X?f(,lc pre ° ppost T ppre( {XT(,IC pre)

VHe(XHe) = Eeff<XHe ’ {X;(}C pre ppre( {X;(}C pre) )

V[eV]
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DIFFERENT “RECIPES”

* Sudden approximation

After the decay everything Is kept frozen, the only change is the
additional *He™ charge,

Lt ¢ S e
{XT,C}post R {XT(,IC pre ° ppost I ppre( {XT(’IC pre)

VHe<XHe) = Eeff<XHe ’ {X%?C pre ppre( {X;?C pre) )

V[eV]

T This should be correct near the
— | mMinimum.
2| = For larger distances the electron

density should have time to rearrange.

~*is 56 28 30 as a0 45 ZAl
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» Semi-classical sudden approximation

Initial tritium I1s a classical particle. After the decay the electron
density Is kept frozen to the value 1t had at the decay position,
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» Semi-classical sudden approximation

Initial tritium I1s a classical particle. After the decay the electron
density Is kept frozen to the value 1t had at the decay position,
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{XT,C}post ey {XTC}C pre ° ppost i ppre<XT = XHe > {XTC’IC pre)
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VHe<XHe) = Eeff<XHe ’ {X;C}C pre ppre(XT = XHe {XTC}C pre))
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» Semi-classical sudden approximation

Initial tritium I1s a classical particle. After the decay the electron
density Is kept frozen to the value 1t had at the decay position,
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{XT,C}post ey {XTC}C pre ° ppost i ppre<XT = XHe > {XTC’IC pre)

i i e
VHe<XHe) = Eeff<XHe ’ {X?fc,lc pre ppre(XT = XHe {XTC}C pre))

A V‘ge,w ........... his might describe well the potential
& j away from the minimum, at early times.
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DIFFERENT “RECIPES”

» Semi-classical sudden approximation

Initial tritium I1s a classical particle. After the decay the electron
density Is kept frozen to the value 1t had at the decay position,

s c AL Nkl e
{XT,C}post ey {XTC,IC pre ° ppost i ppre<XT = XHe > {XTC’IC pre)

i i e
VHe<XHe) = Eeff<XHe ’ {X?fc,lc pre ppre<XT = XHe {XTC}C pre))

A Vge.w ----------- his might describe well the potential
o j away from the minimum, at early times.
= | At later times the nucler also have time
M : 15 2o Es e gs as a5 2A to rearrange'
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» fully relaxed, Born-Oppenheimer:
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» fully relaxed, Born-Oppenheimer:

For each position of the He nucleus, the system I1s completely
allowed to relax, both electrons and the other nuclel,
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» fully relaxed, Born-Oppenheimer:
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DIFFERENT “RECIPES”

» fully relaxed, Born-Oppenheimer:

For each position of the He nucleus, the system is completely
allowed to relax, both electrons and the other nuclel,

{X1 C }post o {X;?C(XHe) . Ppost = P (XHe : {X%?C(XHe) } )

VHe (XHe> = Eeff <XHe ’ {X%q(XHe) } ’ {qu(XHe) } P pre (XHe ’ {Xfefc,lc(XHe) } ) )
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DIFFERENT “RECIPES”

» fully relaxed, Born-Oppenheimer:

For each position of the He nucleus, the system is completely
allowed to relax, both electrons and the other nuclel,

{X1 C }post o {X;?C(XHe) . Ppost = P (XHe : {X%?C(XHe) } )

VHe (XHe> = Eeff <XHe ’ {X%q(XHe) } ’ {qu(XHe) } P pre (XHe ’ {Xfefc,lc(XHe) } ) )
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DIFFERENT “RECIPES”

» fully relaxed, Born-Oppenheimer:

For each position of the He nucleus, the system is completely
allowed to relax, both electrons and the other nuclel,

{X1 C }post o {X;?C(XHe) . Ppost = P (XHe : {X%?C(XHe) } )

VHe (XHe> = Eeff (XHe ’ {X%q(XHe) } ’ {Xecq(XHe) } P pre <XHe ’ {X;?C(XHe) } ) >

Vl[eV]

s 20 a5 a0 as 4o 45 A
i This is likely a good description only at
s very large distances, where the whole
e T e e system had enough time to relax.
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CONCLUSIONS

» Different shapes of the “He potential” lead to different decay spectra.
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and the corresponding outcomes, explaining the methodology
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CONCLUSIONS

Different shapes of the “He potential” lead to different decay spectra.

» Andrea and | are working on it. We will likely present these recipes
and the corresponding outcomes, explaining the methodology

 [he lesson | think I've learned:

lo phrase the problem using in terms of a potential is good to
characterize the material before and dfter the decay, but it cannot be
used for a systematic, controlled evaluation of the decay rate.

* A new, systematic framework Is necessary.

Thank you for the attention!
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