v T N < Los Alamos

NATIONAL LABORATORY
EST.1543

Double beta matrix elements In
lght nuclel

Xiaobao Wang
ECT*, 2019

Collaborate with J.A. Carlson, A.C. Hayes, E. Mereghetti,
S. Pastore, R.B. Wiringa, G.X. Dong



QOutline

Background

Normalizations: model space & radial waverunctions
Short-range correlations

Results

Conclusion



Background

e —— ] T
# o 48
Ca

] 2
E 5 —
Z o

1 . ——

0 —

QRPA IBM EDF  SM SM_ SM
(pf)  (MBPT) (sdpi)

Large-Scale Shell-Model Analysis of the Neutrinoless 33 Decay of 48Ca
Y. lwata, N. Shimizu, T. Otsuka, Y. Utsuno, J. Menéndez, M. Honma, and T.
Abe,PRL 116, 112502 (2016).



BBC/(Q/’OUHO' PHYSICAL REVIEW C 97, 014606 (2018)

Neutrinoless double-# decay matrix elements in light nuclei

S. Pastore,' J. Carlson,' V. Cirigliano," W. Dekens,"? E. Mereghetti,! and R. B. Wiringa®
! Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
2New Mexico Consortium, Los Alamos Research Park, Los Alamos, New Mexico 87544, USA
3 Physics Division, Argonne National Laboratory, Argonne, lllinois 60439, USA

Provide benchmarks, to check the prediction
power for different models..
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assume a functional form for the variational wavefunction (trial wavefunction) that
depends on a set of parameters {p}

variational theorem: the expectation value of the Hamiltonian computed on a trial
wavefunction is always an upper bound to the true ground state
energy of the system

(Y7 (o, {p}) |H YT (o, {p}))
(Y1 (o, {p}) |1 (o, {P}))

K—» stochastic integration, M(RT)? algorithm

= Er ({p}) > Eo

VMC implies a minimization of E7 ({p}) with respect to the parameters {p} in order to
find the optimal trial wavefunction that better approximates the ground state wavefunction
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Background Quantum Monte Carlo calculations of weak transitions in A =6-10 nuclei
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Norm Matrix Element < 1| 1 tau+tau+ | f>
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Choice of model space
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Choice of model space
Different ] pairs, A=12, H.O.
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Choice of model space

FIG. 3. NME decomposition in terms of the angular momentum
and parity J* of the pair of decaying neutrons, Eq. (3). OhAw
(GXPFIB) and 2Aw (SDPFMU-DB) results are compared,
without short-range correlations.

48Ca: Y. Iwata, N. Shimizu, T. Otsuka, Y. Utsuno, J. Menéndez, M. Honma,
and T. Abe,PRL 116, 112502 (2016).



Choice of model space
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48Ca: Y. lwata, N. Shimizu, T. Otsuka, Y. Utsuno, J. Menéndez, M. Honma,
and T. Abe,PRL 116, 112502 (2016).



Choice of radial wave functions integrated matrix element, [,* C(r)dr

The distributions of TBME for J, =0 (A=12) as a function of the upper limit of the radial integral
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Choice of radial wave functions
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Operators for OvDB NMEs:
v, = mwfr;’rj(l « 1 V4(z)

— 0300, VEr(z) — g4 Su VE(2))

5] i
]\[GT = (47TRA)O‘1-O'QV£T(7°12)7';LT;.,

Mp = (4nRA)VE(r12) ,
My = (47Ra)[3 (01 -F) (02 ) — o1 - 0] Vi (r12)

R4 = 1.2AY3 fm is the nuclear radius

Leading terms:

Var. v(2) = Var,.a4(2) + Var,ap(2)
+ V(;T_pp(Z) -+ VGT.J\H\I(Z)



Operator 1/r

(a) A=10,

GT

A=10, Delta T =0

YBe(0)—=C(07)

F GT
VMC-1 -1.001(40) 2.273(91)
VMC-2 — —
SMy.o. (w/0 SRC, p) -1.127 2.616
SMys(w/o SRC, p) -0.980 2.269
SMy.o.(w/0 SRC, psd) -1.274 3.228
SMys(w/o SRC, psd) -1.100 2.783

p -> psd

Larger model space=> more
correlations=> matrix elements
become larger

H.O. -> WS

W.S. r.w.fis less concentrated
than H.O. ones = reduced
matrix elements



Operator 1/r
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SMz.o. (w/0o SRC, p)
SMus(w/o SRC, p)

SMy.0.(w/0o SRC, psd)

SMys(w/o SRC, psd)
p -> psd

-0.183
-0.147
-0.271
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1.228
1.023
0.431
0.570

Larger model space=> more

correlations=> matrix elements

can be reduced (remind:
canceling effect for the

normalizations)
H.O. -> WS

W.S. r.w.f is less concentrated
than H.O. ones =2 reduced

matrix elements
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Short range correlations: “disaster” for shell model?

Short range repulsion and High momentum tail
The N-N interaction is attractive at a typical distance of 2 fim,

but highly repulsive at distances < 0.5 fm. = BEIJ]lEH' ot E"il. 1986
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The universality of the tail of the
momentum distribution

is confirmed, but only within the
same family of interactions.

Model dependence : we do not
know the exact NV/V potential..
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A collection of short range correlations:
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CCM SRC F. Simkovic, A. Faessler, H. Muther, V. Rodin, and M. Stauf, Phys. Rev. C79, 055501 (2009)

CCM SRC is fitted to Correlated 2-bd wavefunction of CCM (S_2 correlation) / H.O. 2-bd wavefunction in the relative
Coordinate, in the S_0 channel with node as 0 (R_{n=0,1=0}).
To get rid off the node dependence of the correlated wavefunction? SRC will change if the other choices are made.

and 4. The results are for the (a) uncorrelated
two-nucleon wave functions, (b) coupled-cluster
(d) method with CD-Bonn potential, (¢) coupled-
cluster method with Argonne potential, and
(d) Miller-Spencer Jastrow short-range correla-
tions. The harmonic oscillator parameter b is
2.18 fm.
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Introduce a new parameter “c”:

It means that at r =0, the 2-bd w.f. Is not zero
11IIllllIIlIIIIMIIIIIIIIIIIIIIIM (nOtellmInatedbythehardcore).
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CCM SRC

* There Is systematic difference between CCM SRC and traditional
SRC (MS SRC):

(1) CCM SRC’s peak is at 1.0 fm, but MS SRC’s peak is at 1.5 fm. So
MS SRC will shift the peak of NME distribution toward 1.5 fm
(NME w/0 SRC peak at 1.0 fm), but CCM SRC does not shift
NME distribution. So CCM SRC maintain the original peak
position.

(2) MS SRC eliminate the distribution at r=0 completely (C
parameter =0); CCM SRC does not.



CVMC SRC
0.06
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pNn(r)/Z

0.02
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correlation functions for both pp and pn pairs,

R. Cruz-Torres, A. Schmidt, G. Miller, L. Weinstein, N. Barnea, R. Weiss,
E. Piasetzky, and O. Hen, Physics Letters B 785, 304 (2018).
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For convenience, we provide the following parameterization for
the pp/nn and pn correlation functions determined from CVMC:

3
Firy=1—e"" x (y -}—rZﬁ;ri)
i=1

(11)

Table 1

Parameters describing F(r), using the functional form of equation (11).
Parameter Units Value (pp/nn) Value (pn)
« fm—2 3.17 1.08
y - 0.995 0.985
B fm—2 1.81 —0.432
B2 fm—3 5.90 -3.30
B3 fm—4 —9.87 2.01




With SRC
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Results

PBe(07)—"C(07) Be(07)—"C(0F)

F €4l F GT
VMC-1 ~1.001(40) 2.273(91)|-0.100(4) 0.257(10)
VMC-2 — —  -0.113(5) 0.274(11)

SMus(M.S. SRC, psd) | -0.967  2.381 | -0.122  0.342
SMus(CCM SRC, psd) | -1.069  2.683 | -0.175  0.499
SMys(CVMC SRC, psd)| -0.992 2457 | -0.141  0.398
SMys (Fab, psd) -0.988 2449 | -0.138  0.388
SMus (Fab+abc, psd) -0.957 2.362 | -0.128  0.361




Conclusions from the study of light nuclel

* 1. The use of H.O. radial wave functions will likely lead
* t0 an overestimate of matrix elements.

* 2. Limited size model space calculations could affect the magnitude of
the predicted Ov[33 matrix elements, particularly for calculations
constrained to a single shell.

* 3. The inclusion of a SRC function is needed.
* The best choice for this function requires further study.
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