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CROSSING SYMMETRY:
RELATING CAPTURE TO DECAY




CROSSING SYMMETRY

EXACT S-MATRIX FOR REACTION
cap(pa k) — 0ut<A2 e(p) |A1 I/(k)>in

out<A2 e(p) Ij(k) |A1>in

54, K) :

5P, K) = S0P, —K) = S4(p,0) = 5.,,(P,0)



CROSSING SYMMETRY

CAPTURE CROSS SECTION SETS NORMALIZATION OF /5— SPECTRUM AT ENDPOINT

GW™) = 1

dl’ E E,p,
— X (ov), X G(W )
dW T2
PHASE SPACE END-POINT ENERGY DEPENDENCE

MATRIX ELEMENT OF MATRIX ELEMENT



CROSSING SYMMETRY

CAPTURE CROSS SECTION SETS NORMALIZATION OF /5— SPECTRUM AT ENDPOINT

GW™) = 1

dl E p,
X (ov), X G(W,)

dw, T

» It we can compute G(W,) then we can extract (ov), .



THEORY OF BETA DECAY
WITh A COULOMB FIELD




THEORY OF BETA DECAY WITH A COULOMB FIELD

MULTIPOLE EXPANSION WITHOUT A COULOMB FIELD

M~ [d3x (A, | J,(x) | A ) %p(x)y”ukeik'x

Q < 1/R 0 for r > R Taylor expand

Expand 1n spherical harmonics



THEORY OF BETA DECAY WITH A COULOMB FIELD

MULTIPOLE EXPANSION WITHOUT A COULOMB FIELD

M~ [d3x (A, | J,(x) | A ) %p(x)y”ukeik'x

O <K 1/R J and 7

g0ood quantum numbers

Expand 1n spherical harmonics



THEORY OF BETA DECAY WITH A COULOMB FIELD

MULTIPOLE EXPANSION WITHOUT A COULOMB FIELD

Expand 1n spherical harmonics

M = Z M I%(Ke, K,) + mI%(Ke, k) + 1nterterence

K,K,,K,

J;— T <K < T+,

O < 1/R



Type of Transition Selection Rules
no

superallowed
ALLOWE, et

gk ’forbldden

WJnique* 1% forbidden
2nd S ITh 0 ——
unique 2™ forbidden

1O
3'¢ forbidden Al =42 +£3 | 3 | yes
unique 3" forbidden Al =14 3 | yes

4* forbidden Al =4+3"* +4 | 4 no
unique 4'* forbidden Al = £5 4 no

Credit: Alex Bielajew



THEORY OF BETA DECAY WITH A COULOMB FIELD

FIRST FORBIDDEN NON-UNIQUE SHAPE

{M7(1,1), mi(1,1), M{(1,2), M7(2,1)
(1+aW, + b/W, + cW?)

" VW)y=m——— -
(We) (1 + aW, + bIW, + cW2)y _jyms

» Generally shape depends on 4 different matrix elements.

» Can have non-trivial energy dependence.



THEORY OF BETA DECAY WITH A COULOMB FIELD

FIRST FORBIDDEN NON-UNIQUE SHAPE

{ME(1,1), mi(1,1), M{(1,2), M7(2,1)}

GW)) ~ (1 +aW,+b/W,+ cW?)

Supressed by 1/ = W, R / Za
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O<x V)< 1/R

V(]/') Eeff =L — V(O)

_ 2 2
keff — Eeff — M
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SHAPE OF THE
ALLOWED SPECTRUM




SHAPE OF ALLOWED BETA DECAY

EXTRACTING CROSS SECTION

dI’ E D,
dW T2
METHOD 1. USE HALF-LIFE METHOD 2. MEASURE ENDPOINT
Wmax dr
dI’ :
t.,=1n2 J dW, — lim
1/2 / ) dW We—>WénaX dWe

SEE BOYARSKY ET. AL. ARXIV:2111.09292



SHAPE OF ALLOWED BETA DECAY

EXTRACTING CROSS SECTION

dI’ E D,
dW T2
METHOD 1. USE HALF-LIFE METHOD 2. MEASURE ENDPOINT
Wmax dr
dI’ :
t.,=1n2 J dW, — lim
1/2 / ) dW We—>WénaX dWe

SEE BOYARSKY ET. AL. ARXIV:2111.09292



TSP (ov), X GOW,)
— = oV
dw, T2 Y €
Fo(Z, W)Ly(W)R(W)X(W)r(W)W,p, | . W, — Winax

REVIEWS OF MODERN PIIYSICS, VOLUME 90, JANUARY-MARCII 2018
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dU_ 2P o) s Gow)
—— =—— X (ov
dw, T ’ )

sy = FAZ I X L) X ROV X XOW) X W) X Wepe
“ Fy(Z, W)Ly(W,)RW)X(W)r(W)W,p, /. W, — Wmax
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Determination of the **Sm half-life
Radiochim. Acta 2015; 103(9): 619-626
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W.,/m,

GW,)=Gy(W,)X [ 1+ y- :

Vary dimensionless quantity

between [—¥.v> XYmax] -

Even allowing for a order of magnitude
fine-tuning, cross section is only sensitive
at ~1% level.




SHAPE OF ALLOWED BETA DECAY

LESSON: BIGGER FISH TO FRY
EFFECTS AT THE ~1% LEVEL.

» Shake-off: Lowers neutrinoyield: v A — A*T e”e”

» Atomic corrections at very low energies:
modify half-life = alters (ov), .

Recent communication with X. Mougeot suggests
atomic corrections alter our conclusions by ~1%



PRACTICAL
CONSIDERATIONS



PRACTICAL CONSIDERATIONS

WHAT LIMITS AN EXPERIMENT LIKE PTOLEMY

» Tritium procurement is not a major bottleneck.

» Main issue comes down to packing.

» Provided heavy nuclei are cost effective, and pack efficiently, the total material
should not be an issue.

» In this sense comparing cross sections is not helpful.



CONCLUSIONS




CONCLUSIONS

SUMMARY

» Heavy nuclei offer certain practical advantages and certain practical
disadvantages.

» There are no major theoretical hurdles that inhibit their use as a target.

» Cross sections are smaller than tritium, but quantity is not the bottleneck (could
be packing efficiency and/or cost).



