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Motivation: 2BCs at finite momentum transfer

quenChIng fOf OVBB decay Menéndez, Gazit, and Schwenk, Phys. Rev. Lett. 107, 062501 (2011)
neutrInOS Scatte”ng Off nUC|eI Hoferichter, Menéndez, and Schwenk, Phys. Rev. D 102, 074018 (2020)
weakly interacting massive particles scattering off nuclei s, venendez, azit, and schwenk, phys. rev. 0 88 (2013)

in medium-mass/heavy nuclei: approximately included wensndez, azit, and schwenk, Phys. Rev. Lett. 107, 062501 (2011)
multipole decomposition for inclusion of two-body currents (2BCs)

multipole decomposed matrix elements L»,(Q), T§,,(Q) and T1*¥(Q)
apply expansion equation
J(@) = 47 >0 (Lan(QY3,,(Q) + TS(QW5,(Q) + TH(Q)#5,,(Q))

Ap

summing over rank \ and its projection p
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Benchmark for vector 2BC at finite momentum transfer:
seagull (b) and pion-in-flight (c) (sum in figure)

(n0p0 — , vOPO + [(Q)|M0P0 +, vOPO +), @ = (Q/V3, Q/V3, QIV3)

vonsk T e AT e 17 I T T T T T T ] i T T —& T ]
. ¢ A=2 o fun = &
0.001 | A=3 @ (I‘;C L i L nn . i
= LA A 'y 3 3 l@a o
3 0,000 fged deeetionsnnsne B D 1 3 ot s .g. .................. {3 PO Breeereeereeee e J
o Eo 3 o o
o001} ®F B 4 - ¢ 4 - 4
—0.002 - = E - E - E
L L L L L L L L L L L L L L L L L
T T T T T T T T T T T T T T T T T
- -y - 0.002 - E - E - - & E
&
g 0.001 | - r 0 - r #n 0 -
(b) (c) % 0.000 [EHEHGH oo %.-g- ..... ] %I‘G ...... PUURR . SOSS SO i % TS S R ]
E £ g E
-0.001 [ ¢ 4 S - B L B
R. Seutin, TU Darmstadt, —0.002 F 4 L o E 4 L 4
doi.org/10.26083/tuprints-00014649 . . . . . . . . . 5 . . . . . . . .
0 50 100 150 200 250 300 350 O 50 100 150 200 250 300 350 O 50 100 150 200 250 300 350
Q (MeV) Q (MeV) Q (MeV)

multipole decomposed and Monte-Carlo integral results: agreement for all matrix elements studied
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2BCs at finite momentum transfer - first applications to important

M1 transition in “8Ca

Acharya et al., Phys. Rev. Lett. 132, 232504 (2024)

momentum transfer dependence of transition form factor

Steffen et al., Nucl. Phys. A404, 413 (1983)

B(M1): experimental discrepancy between (e, e’) and (y,n)

measurement stefren et al, Phys. Lett. B 95, 23 (1980); Tompkins et al, Phys. Rev. C 84, 044331 (2011)

magnetic moments: inclusion of 2BCs

— prediction closer to experiment wiyagiet at, Phys. Rev. Lett. 132, 232503 (2024)
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Acharya et a. Phys. Rev. Lett, 132, 232504 (2024)

17 September 2024 | Institut fiir Kernphysik, Theoriezentrum - TU Darmstadt | C. Brase | 4




= convergence checked for B(M1)
and Ef,
Miyagi, Eur. Phys. J. A 59, 150 (2023)

Stroberg, https://github.com/ragnarstroberg/imsrg.git
Hebeler et al., Phys.Rev.C 83 031301 (2011)

for further calculations:
€max = 12 and Ezpax = 24

ok

€max E3max
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= non-implausible interactions using
VS-IMSRG with 1BC and with
1BC+2BC

B. Hu et al., Nat. Phys. 18,1196 (2022)
Miyagi, Eur. Phys. J. A 59,150 (2023)
Stroberg, https://github.com/ragnarstroberg/imsrg.git

= small 2BC contribution for small
momentum transfer Q

“ Q — 0 limit consistent with B(M1)

FR(Q%)
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Non-impl. ints. (1BC)

$  Exp.

Non-impl. ints. (1BC + 2BC)

BCa(1t, 10.23 MeV)
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Correlations - “8Ca: 2BCs in M1- and GT-strength

Hebeler et al., Phys. Rev. C 83, 031301(R) (2011) Steffen et al., Phys. Lett. B 95, 23 (1980) https:/www.nndc.bnl.gov/nudat3/
Tompkins et al., Phys. Rev. C 84, 044331 (2011) Acharya et al., Phys. Rev. Lett. 132, 232504 (2024)
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our calculations: B(M1) increases with 2BC - favor bigger values
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Summary for M1 transition in “8Ca
2BC contribution to transition form factor varies in size and sign over momentum transfer
weak correlation between M1- and GT-strength from non-impl. ints (w/ and w/o 2BC)
GT-strength closer to experiment with 2BC
the inclusion of 2BCs does not reduce strength to overlap with (e,e’) experiment
our results seem to favor larger values, same as the CC results
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Outlook: WIMP-nucleus scattering with 2BCs at finite momentum transfer
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Ratio B(M1) with and without 2BC
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34 non-implausible interactions

M1-strength

for 32 out of 34 interactions: B(M1) is

enhanced by 2BCs (in agreement with CC
result)

2BC effect range: 0.999 - 1.024

GT-strength
for all interactions: reduction
2BC effect range: 0.785-1.085
much wider spread
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Multipole decomposed (vector/axial-vector) current

multipole decomposed matrix elements L»,(Q), T§,,(Q) and T1*¥(Q)

apply expansion equation
70) = 47 3= (Lan(@V3,(Q) + TE,(Q)93,,(Q) + THE(@)85,,(Q))

A

summing over rank X and its projection p using the following definitions

o oA g A TN 1 2, S on -
Yim(X) = XYm(X), Vin(X) = \/ L(L m 1)XVYLM(X), Sm(X) =Yiim

with  Ym(6, ¢) = Z Z Yim(0, 0) CLMsumL\e/\

Mgum=—L A=—1
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