QCD running in neutrinoless double beta decay:

Short range mechanism
PRD 93, 013017 (2016)

Authors: Marcela Gonzalez, Martin Hirsch, Sergey Kovalenko

Marcela Paz Gonzalez.
UTFSM

s~ PLANCK 2016 =z

Valencia, Spain

From the Planck Scale to the Electroweak Scale

m UNIVERSIDAD TECNICA DEPARTAMENTO
1) FEDERICO SANTA MARIA DEFISICA

M.Gonzalez QCD in NDBD



Outline

@ Introduction
@ Netrinoless double beta decay: Motivations

© QCD running in Neutrinoless double beta decay
o Low-energy Effective Lagrangian and Ov3[3-decay Half-life
@ OPE and QCD effects

© Conclusions

M.Gonzélez QCD in NDBD



Introduction
Netrinoless double beta decay: Motivations

Introduction

d N U
N4 (@ &)
N
.

d u d u
Uy — oo
€ + — §
W
d ., ’ u d u d u
{e) (a)

M.Gonzélez QCD in NDBD



Low-energy Effective Lagrangian and Ov 3 3-decay Half-life
OPE and QCD effects

QCD running in Neutrinoless double beta decay

Effective Lagrangian and base of operators

Effective Lagrangian

£289 = SE 5™ XV (). Oy, (1)

with the operator basis:

0 = 8(uPxd)(uPyd) j, (2)
0 = 8o Pxd)(tio,w Pxd) Jj, (3)
oY = 8(uy"Pxd)(y,Pyd) j, (4)
0 = 8(uy"Pxd)(io,, Pyd) j*, (5)
O = 8(uy"Pxd)(uPyd) j, (6)

j = ePxec, Ju= évﬂPxeC
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Low-energy Effective Lagrangian and Ov 3 3-decay Half-life
OPE and QCD effects

QCD running in Neutrinoless double beta decay

Half-life

Applying standard nuclear theory methods, one finds for the

half-life:
Half-life
1 3 ? > i
[Tf/uzﬂﬁ] =G| Y Gpo)Mi| + G |> Ci(po)M; (7)
fi=il i=4

Here, Gi = Gp1 and Go = (meR)?Ggo/8 are phase space factors in
the convention of [Doi et al., 1985], and M; = (A¢|OP|A;) are the
nuclear matrix elements defined in Ref. [Pas et al., 2001].
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QCD running in Neutrinoless double beta decay OPE and QCD effects

QCD running motivations

Why we need the running?

Energy scales involved:
@ LNV scale at «~ 1 TeV
@ Hadronic scale at «~ 1 GeV
@ Nuclear scale at P « 200 MeV

= QCD running has to be taken into account.
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QCD running in Neutrinoless double beta decay
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Figure : One-loop QCD corrections to the short range mechanisms of
OvBp3 decay in the effective theory.
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1 1
ag T3p = — 50080y + 50as0yp (8)

Color Mismatch effect.
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Low-energy Effective Lagrangian and Ov 3 3-decay Half-life
OPE and QCD effects

QCD running in Neutrinoless double beta decay

Renormalization

Bare operator matrix elements
2
3O — 5.4 2y (1 e .
<O,> |:5U aF 47T'bu (6 +In ( p2>>:| <Oj>tree~ (9)

[Buras, 1998] :
0 0
o = z;0;, ¢ =Zzq (10)

It can be shown Z¢T = 71

Zij:‘sij‘f‘%sr(b 2CF5u) + 0(a3). (11)
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Low-energy Effective Lagrangian and Ov 3

OPE and QCD effects

QCD running in Neutrinoless double beta decay

RGE of WC

T 57 () (12)
5(as) = —2as azgic:s), (13)

(07 .
’y,-j(as):ﬁ’yfjo), with ) = —2(b; — 2Croy),  (14)
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Low-energy Effective Lagrangian and Ov 3 3-decay Half-life

QCD running in Neutrinoless double beta decay OPE and QCD effects

C(n) = U(p, Mw) - C(Mw). (15)
In the LO one finds
(0)
A N Vi /(280) “
0O (1, My) = V Diag [aS(MW)] vl (16)
as(p)
The LO QCD running coupling constant is as usual
as(M,
s(11) = () a7)

1- ﬂoas(Mz) log ( )

with Bop = (33 — 2f)/3, where f is the number of the quark flavors
with masses ms < p.
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Anomalous Dimensions

3
ALRLR(O) _ -3 -6

31 =2 ( 0 6Cr ) (18)
~LL,RR(0 6Cr—3 L4l

LL,RR(0) 2( 7157 21 N 24CF ) (19)

LLRR(O) _ _o 3 )

’ (/v 3) (20)
,yé_R,RL(O) _ _3%ll_R,RL(0) — _12CF, (21)
~LLRR(O) _ 9-2CF 3i-— %

Yas = 2( i+ 6Cr41 ) (22)
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Low-energy Effective Lagrangian and Ov 3 3-decay Half-life

QCD running in Neutrinoless double beta decay OPE and QCD effects

[TOVBB] o G

o B () + PR ) + BEF (RN + G (M) +(23)

+ 8% (G + W) +

+ B () + SR ) + 85 () + )|+

G| () + ) + AT (G + ) +

+ B (G + ) + B () + )

where
o~ o~
gx = Mi U4 MaUXS, R = MO UL + My UER, (24)
X = My US4+ MaUsss, (25)
g = MO, g% = M Us (26)
B = —|Ma| Ul + IMs| U, Ba" = | Ma| Usg', (27)
B = = M| U+ | Ms| UgS, Bs" = | Ms| Uss'- (28)
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Low-energy Effective Lagrangian and Ov 3 3-decay Half-life

OPE and QCD effects

QCD running in Neutrinoless double beta decay

AX M,y M, M M) | M| | Ms|
®Ge 9.0 —-16x10° 13x10° 21x10° [1.9x 107 1.9 x 10%]
1%Xe 45 —85x10® 6.9x 10" 1.1x 10> 9.6 x 10%| 9.3]

Table : The numerical values of the nuclear matrix elements M; taken
from Ref. [Deppisch et al., 2012].

T057(0Ge) = Ty oP(Ge) =3.0 107 yrs, (29)

1/2 1/2
TO(exe) > TR 34107 yrs. (30

M.Gonzalez QCD in NDBD



Low-energy Effective Lagrangian and Ov 3 3-decay Half-life

QCD running in Neutrinoless double beta decay OPE and QCD effects

A XX XX XX(0 LR,RL LR,RL LR,RL(O
R e O T e o T = I Y= e O T = i o I T e
®Ge | 5.0x10°10  38x10 10 2.6 X 10~ 8.6 x 10~ ° 6.2 x 10~ ° 2.6 x 10~ 7
136xe | 3.4x10710  26x1010 1.8 x 107 6.0 x 10~8 4.3 x 1078 1.8 x 107
XX(0
XTI M)l 1K)l I -
"5Ge 3.5 x 102 5.2 x 10~ 1.4 x 1070 —
136xe | 2.4x10° 3.5 x 107° 9.4 x 10~%0 —
XX (0 LR,RL LR,RL LR,RL(O
e O T T = I = i O = D I e
T6Ge 1.5 x 10~ 8 1.6 x 10~ 2 1.1x 108 2.0 x 108 2.1x 108 1.8 x 10~ 8
136xe | 9.7 x10° 1.1 x 1078 7.4 x 1077 1.4 x 10°8 1.4 x 108 1.2 x 1078
XX(0 LR,RL LR,RL LR,RL(0
A1)l 1m0 TR ) R R Al 16O
T0Ge 5.0 x 109 3.9 x 109 1.2 x 10°° 1.7 x 10~8 1.9 x 10~ 8 1.2 x 10~ 8
136xe | 3.4 x 1079 2.7 x 10~° 7.9 x 109 1.2 x 108 1.3 x 108 7.9 x 10~°
XX(0 LR,RL LR,RL LR,RL(0
T O e O T = S = O I e oy I T
T0Ge 2.3 %108 1.4 x 10~ 8 1.2 x 107 3.9 x 108 2.8 x 107 ° 1.2 x 10~/
136xe | 1.6 x 108 9.5 x 10~° 8.2 x 10~8 2.8 x 10~8 2.0 x 108 8.2 x 10~8

Table : Upper limits on the Wilson coefficients in eq. (1) with C;(A) and
Ci(Mw) calculated for two different matching scales, A = 1 TeV and

My, . For comparison we also give Ci(o), i.e. limits without QCD running.
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Conclusions

Summary and Conclusions

@ We have calculated QCD running to the complete set of
Lorentz-invariant operators for the short-range (SR) part of
the NDBD amplitude.

@ We derived 1-loop improved limits on all the Wilson
coefficients appearing in the SR contributions.

@ Improved nuclear physics calculations can be easily
implemented with our results.

@ We showed that the QCD corrections are indeed important
principally because of the operator mixing
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Conclusions

Thanks for your attention
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