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A percent-level determination of the nucleon axial coupling from QCD

O Challenges in applying lattice QCD to nucleon structure
(and nuclear physics in general)

O An unconventional method

O ga - details of the calculation and analysis



LQCD Systematics
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LQGD Challenges for NP

0 The most dn‘ﬁcult challenge in applying LQCD to NP IS an
exponentially bad signal-to-noise problem for nucleons

_1 _ 1
‘ ~ € 2m7"t—|—6 BmNt_|_...
each quark propagator carries information
about pions and nucleons A (t) > AN (t)

(conversations with David Kaplan)

For the nucleon - the large pion eigenvalues must cancel to
expose the small nucleon eigenvalues

——0 ouco-aemiin

| 3 . .
Signal VN exp [ (mN B mw) t] > exponential noise

Noise power-law statistics
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Effective mass of Pion 2-point correlation function
red and black “data” are from different choices of overlap operators

Noise is constant in time - can determine very clean ground state (blue band)
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v 2 pomt Correlat|oh function
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Two examples of nucleon effective mass Correlated late-time fluctuations... what is the

ground state”?
Noise is growing in time - can not simply go

to the long-time limit without exponentially Need sophisticated analysis to ensure you are

Increasing the amount of statistics needed not susceptible to correlated fluctuations
Signal. —(my=Fmn)t This problem | bated with 2 |
N N, op€ 2 M IS problem is exacerbated with 2+ nucleons

and form-factor calculations (ga)
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Nucleonlal charge S Collms Lat’ue 2016 Plenary

Benchmark quantity sensitive to systematics.

' | ga is an important

1.4 N .
RQED N, S551 i benchmark guantity
13 | st %?ﬁ? - very challenging for
I kbes W S3T1 =
L2 i} % L U Sewwn e LWCD1o getunder
S b ed Tfy 3 Y e lledio2H 5= control
L Y = N3 T
1.1 _ - ¢ ACE Ny =311 ot O(to)
1T O () - e N—
1 ¢ | — e
o0 o 0.1 0.15 0.2 0.25
m2 [GeV2] typlcal Calculatlon

1.30 | a09m310
Presented 2016:

PNDME, NME, Mainz, RQCD, ETMC, PACS, xQCD, QCDSF, . 1.25 tsep fm
100 | 14 1.22
12 1.05
115 10 0.875
1.10
T - tgep/2

in long-time (tsep) limit - should be flat



An unconventional method

arXiv.org > hep-lat > arXiv:1612.06963

High Energy Physics - Lattice

On the Feynman-Hellmann Theorem in Quantum Field Theory and the
Calculation of Matrix Elements

Chris Bouchard, Chia Cheng Chang, Thorsten Kurth, Kostas Orginos, Andre Walker-Loud
(Submitted on 21 Dec 2016 (v1), last revised 5 Jul 2017 (this version, v2))

O Take the Feynman-Hellmann (FH) Theorem as a starting point: ~ OxEp = (n|Hx|n)

[0 conceptually very simple and straightforward

0 applying the FH Theorem to the effective mass directly leads to the method we use

relates matrix elements to functional derivatives of the partition function

reduces the dependence on two time variables (operator insertion time, 7, and
source/sink separation time, t) to a single variable, t

allows for demonstrable control of excited state systematics, reduced sensitivity
to correlated fluctuations & the extraction of the signal early in Euclidean time
(exponentially smaller relative noise)
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arXiv.org > hep-lat > arXiv:1612.06963
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On the Feynman-Hellmann Theorem in Quantum Field Theory and the
Calculation of Matrix Elements

Chris Bouchard, Chia Cheng Chang, Thorsten Kurth, Kostas Orginos, Andre Walker-Loud
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0 No time to discuss details “Feynman-Hellmann”
cartoon explanation correlation function
amiff(th) B 1 {—(%\C')\(t—l—’r) \—(%\C)\(t)_i
O\ =0 T CA(t—I—T) C)\(t) | \—0

“Feynman-Hellmann”
ropagator ..o —
propag = / dto standard 2-point function



An unconventional method arXiv:1612.06963

standard method PNDME arXiv:1606.07049
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An unconventional method arXiv:1612.06963
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An unconventional method arXiv:1612.06963

our unconventional method [09m810] Subtract excited state
contribution

1.4

Key features of this method

© The correlation function is given by  oxm$? (£,7)| = goo + ze~ "2

O excited state contamination is demonstrably controlled

O we can access very early Euclidean time, allowing the use of
exponentially more precise numerical points

O No background field is used - the FH-theorem Is used to “derive” our
“Feynman-Hellmann Correlation function” analytically



An unconventional method arXiv:1612.06963

our unconventional method [09m810] Subtract excited state
o contribution

amkf?zt,Tj 1 [=Cx(t+T)  —0\Calt)
- ) )\:0_;[ Clt+7)  C{) ]
| 0.0 2.5 5!0 7!5 1(;.0 12.5 15.0
t/a
Key features of this method
© The correlation function is given by dxm$/ (¢, 7) = goo + ze 1o

O excited state contamination is demonstrably controlled

O we can access very early Euclidean time, allowing the use of
exponentially more precise numerical points

O No background field is used - the FH-theorem Is used to “derive” our
“Feynman-Hellmann Correlation function” analytically



An unconventlonal method arXiv:1612.06963

N umemal [mplementatwn

the “Feynman-HeIIman” propagator is given by

‘ _SFH y7 Zsyv )S(Z,.CB)

S(z,x) standard quark propagator off some source at x, to all z

['(z)  some bi-linear operator (can be constant)
e.g., 7y4 for the vector current

['(2)S(z,x) treat like a source to invert off of

NOTE: this is the same equation as appears in de Divitiis, Petronzio, Tantalo, PLB718 (2012)
can be traced back to Maiani, Martinelli, Paciello and Taglienti Nucl. Phys. B293 (1987)

Similar ideas in literature: Already used for new processes!
Chambers et. al. Phys.Rev. D90 [arXiv:1405.3019] Orginos, Radyushkin, Karpie, Zafeiropoulos
Chambers et. al. Phys.Rev. D92 [arXiv:1508.06856] Phys.Rev. D96 [arXiv:1706.05373]

Savage et. al. Phys.Rev.Lett. 119 [arXiv:1610.04545]



An unconventional method arXiv:1612.06963

Proton QN (y) Ny ()| 2) @

N = €150 Por _-// (ﬂj//FT,/sr,ch’/>
creation/annihilation ! Y ! p_ tr k Br e
o 1 ] Sn

guark propagators

(QUN, (y) Ny (2)[€2) =
Coy = eigicivyri Py Titiy [Py Tl + PraT o] Uy UL, DI,



An unconventional method arXiv:1612.06963

Proton - with FH propagator  (Q|N, (y) N, (2)|Q) @

down-quark ) ) -
O, = €ijpeinjin Py D50, [Py, D5 + P D32k U, U797 Dy
up-quark
C,Su — Ezﬂfezfjfklf)7 p/FS,ﬁ, [P FS -+ PWFS”’“] [Ur o Ué‘zy DBB/

ii" prl JJ
+UL UL DES|
up <down R
C};,;_/d — €ijkCi’ 5k’ {P FS -+ PWFS'””“} [P,),/p/ 87;%/ + PW/B/FSCC/}

UL, DY

55,(U — D)"“"“

NOTE: this method does NOT require any actual background field.
Instead, we have analytically determined the linear-response correlation
function



A percent-level determination of the nucleon axial coupling from QCD

arXiv.org > hep-lat > arXiv:1704.01114 Search or A

(Help | Advance

High Energy Physics - Lattice

An accurate calculation of the nucleon axial charge with
lattice QCD

Evan Berkowitz, David Brantley, Chris Bouchard, Chia Cheng Chang, M. A. Clark, Nicholas Garron,
Balint Joo, Thorsten Kurth, Chris Monahan, Henry Monge-Camacho, Amy Nicholson, Kostas
Orginos, Enrico Rinaldi, Pavios Vranas, Andre Walker-Loud
(Submitted on 4 Apr 2017)

HISQ ensembles

alfm) : m,[MeV] 310 220 135

0.15 16> X 48, m.L ~ 3.78 24 X 48, m,L ~3.99 32° x 48,m.L ~ 3.25

0.12 24" x 64, m, L ~ 3.22

0.12 243 x 64, m, L ~ 4.54 32° x 64, m,L ~ 4.29
0.12 40° x 64, m,L ~ 5.36

0.09 323 % 96, m,L ~ 4.50




A percent-level determination of the nucleon axial coupling from QCD

arXiv.org > hep-lat > arXiv:1704.01114 Search or A

High Energy Physics - Lattice

An accurate calculation of the nucleon axial charge with
lattice QCD

HISQ gauge configuration parameters valence parameters
abbr. Negg  volume “ mifms Mrs . Mz, L| Nee Lsfa aMs  bs Cs am}™  Osme  Nome
[fm)] MeV]
* aldm400 1000 16°x48 0.15 0.334 400 4.8 8 12 1.3 1.5 0.5 0.0278 3.0 30
* aldm350 1000 16°x48 0.15 0.255 350 4.2 16 12 1.3 1.5 0.5 0.0206 3.0 30
al5m310 1960 16°x48 0.15 0.2 310 3.8 24 12 1.3 1.5 0.5 0.01580 4.2 60
ald5m220 1000 24°x48 0.15 0.1 220 4.0 12 16 1.3 175 0.75 0.00712 4.5 60
aldm130 1000 32°x48 0.15 0.036 130 3.2 ) 24 1.3 225 1.25 0.00216 4.5 60
* al2m400 1000 24°x64 0.12 0.334 400 0.8 8 1.2 1.25 0.25 0.02190 3.0 30
*  al2m350 1000 24°x64 0.12 0.255 350 5.1 8 8 1.2 1.25 0.25 0.01660 3.0 30
al2m310 1053 24°x64 0.12 0.2 310 4.5 8 8 1.2 1.25 0.25 0.01260 3.0 30
al2m220S 1000 24°x64 0.12 0.1 220 3.2 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m220 1000 32°x64 0.12 0.1 220 4.3 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m220L 1000 40°x64 0.12 0.1 220 5.4 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m130 1000 48°x64 0.12 0.036 130 3.9 3 20 1.2 2.0 1.0  0.00195 7.0 150
a09m400 1201 32°x64 0.09 0.335 400 5.8 8 6 1.1 1.25 0.25 0.0160 3.5 45
a09m350 1201 32°x64 0.09 0.255 350 5.1 8 6 1.1 1.25 0.25 0.0121 3.5 45
a09m310 784 323 x96 0.09 0.2 310 4.5 8 6 1.1 1.25 0.25 0.00951 7.5 167
* a09m220 1001 48°x96 0.09 0.1 220 4.7 6 8 1.1 1.25 0.25 0.00449 8.0 150

* New calculation



A percent-level determination of the nucleon axial coupling from QCD

arXiv.org > hep-lat > arXiv:1704.01114 Search or A

High Energy Physics - Lattice

An accurate calculation of the nucleon axial charge with
lattice QCD

HISQ gauge configuration parameters valence parameters
abbr. Negg  volume “ mifms Mrs . Mz, L| Nsre Lsfa aMs;  bs Cs am}™  Oeme  Name
[fm)] MeV]

* ald5m400 1000 16°x48 0.15 0.334 400 4.8 8 12 1.3 15 05 00278 3.0 30
al5m350 1000 16°x48 0.15 0.255 350 4.2 16 12 1.3 15 05 0.0206 3.0 30
ald5m310 1960 16°x48 0.15 0.2 310 3.8 24 12 1.3 1.5 0.5 0.01580 4.2 60
ald5m220 1000 24°x48 0.15 0.1 220 4.0 12 16 1.3 175 0.75 0.00712 4.5 60
ald5m130 1000 32°x48 0.15 0.036 130 3.2 ) 24 1.3 225 1.25 0.00216 4.5 60

* al2m400 1000 24°x64 0.12 0.334 400 5.8 8 8 1.2 1.25 0.25 0.02190 3.0 30

* al2m350 1000 24°x64 0.12 0.255 350 5.1 8 8 1.2 1.25 0.25 0.01660 3.0 30
al2m310 1053 24°x64 0.12 0.2 310 4.5 8 8 1.2 1.25 0.25 0.01260 3.0 30
al2m220S 1000 24°x64 0.12 0.1 220 3.2 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m220 1000 32°x64 0.12 0.1 220 4.3 4 12 1.2 1.5 05 0.00600 6.0 90
al2m220L 1000 40°x64 0.12 0.1 220 5.4 4 12 1.2 1.5 0.5 0.00600 6.0 90

* al2m130 1000 48°x64 0.12 0.036 130 3.9 3 20 1.2 2.0 1.0  0.00195 7.0 150
a09m400 1201 32°x64 0.09 0.335 400 5.8 8 6 1.1 125 0.25 0.0160 3.5 45
a09m350 1201 32°x64 0.09 0.255 350 5.1 8 6 1.1 1.25 0.25 0.0121 3.5 45
a09m310 784 323 x96 0.09 0.2 310 4.5 8 6 1.1 1.25 0.25 0.00951 7.5 167

* a09m220 1001 48°x96 0.09 0.1 220 4.7 6 8 1.1 1.25 0.25 0.00449 8.0 150

* New calculation additional HISQ ensembles generated @ LLNL



A percent-level determination of the nucleon axial coupling from QCD
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Correlation function analysis
O Simultaneous fit to 6 correlation functions, 2-point
o, 2v (SS and PS)
O Complete 2-state fit (g.s. and 1 excited state
. .
® Sé ® SS: excited-state subtracted
. PS o PS: excited-state subtracted
é 1|0 1|5
t/a

including transitions)
O Bayesian constrained fit as a pre-conditioner for

unconstrained non-linear regression
O Stability analysis 1s performed varying min and max |
O early time has excited state contamination
O late time susceptible to correlated

time 1n the correlator analysis
i { REEEEEE! { {
S fluctuations
122 122 O excited state subtracted results are
. e e .. <o e e constant in fit region
ST 53t 3.5 " Ghwe keus wnee O resulting bootstrap distributions
n . o n . o (Nbs=5000) are Gaussian and show no
outliers a09m220
I 1I2H2 1.I23 1.I24 1.I25 126 1 I27 1 I28 1 I29
da/9v

1.21



A percent-level determination of the nucleon axial coupling from QCD

Renormalization
O 'The currents used 1in the calculation must be

renormalized to match physical currents
O By definition

Zygv =1 1.2 - f al5m310:SMOM,,  § a15m310 : SMOM,
O The renormalized value of the axial coupling 10 - a12m310 : SMOM,,, a12m310 : SMOMy
7.8 ; a09m310 : SMOM.,,, a09m310 : SMOM,
LA gA =08 -
gA = o x
vV gv 706 1
O Our action uses (Mobius) Domain-Wall N o4 -
fermions, which have very good chiral N
symmetry properties 02" &
O Using the RI/SMOM non-perturbative O e G oo &
renormalization scheme, we find . . . . |
A 2.0 2.5 3.0 3.5 4.0
A . GeV
—— — ] to1l partin 104 eV
A%

a confirmation that our action respects chiral
symmetry to a good degree.



A percent-level determination of the nucleon axial coupling from QCD

Renormalized LQCD results

1354 2t 130 220 310 350400

MeV
1.30 1
® ‘
1.25 - ?
<
- * ;
1.20 }
1.15 1
HH g~ 0.15 fm a ~ 0.09 fm
1.10 1 a~0.12 fm G 9hPY =1.2723(23)

0.00 005 010 015 020  0.25  0.30
€x = My /(47 F;)



A percent-level determination of the nucleon axial coupling from QCD

Extrapolations

Dimensionless parameters:
lattice spacing, volume, pion mass

, 1 a? P My
€ = M T
© Ar wi Al

e ChiPT: EFT expanding around m, =0

* best hope for model-independent extrapolation

* not guaranteed to converge around m, = |35 MeV
* Mild m,,a dependence

* Taylor expansion works well for extrapolation/interpolation

Slide adapted from A. Nicholson




A percent-level determination of the nucleon axial coupling from QCD

Extrapolations

Dimensionless parameters:

lattice spacing, volume, pion mass

NNLO xP1':
NNLO-+ct xPT:
NLO Taylor € :

NNLO Taylor € :
NLO Taylor e :
NNLO Taylor ¢, :

mﬂL Cr =

Eq. (38) + 50, + (SL
. 4
Fq. (S8) + cq€, + 0, + 0,
co + (,‘.263. +0, + 01
Co +(:-3¢C.:fT + c4efr +d, +07,

Co+Cre, + Cg(.?r + 8, +01

2

A F-

Slide adapted from A. Nicholson




A percent-level determination of the nucleon axial coupling from QCD

Extrapolations

Dimensionless parameters:

lattice spacing, volume, pion mass

NNLO xP1':
NNLO-+ct xPT:
NLO Taylor € :

NNLO Taylor € :
NLO Taylor e, :
NNLO Taylor ¢ :

mﬂL Cr =

dga = 9o +02€72T —

Eq. (58) + 60, + 51,
. 4
Fq. (S8) + cq€, + 0, + 0,
co + (,‘.263. +0, + 01
Co +(:-2¢¢.:,ZT + 046;1r +d, +01

Co+Cre, + CgC?r + 8, +01

2

A F-

e (go + 2g(3)) In (672T) + gocz€>

Slide adapted from A. Nicholson




A percent-level determination of the nucleon axial coupling from QCD

Extrapolations Dimensionless parameters:
lattice spacing, volume, pion mass
€ — mﬂ' v
¢ 4 ’LU% 47TF7T

2 2_2 4 2
0o = Q2% + bycies + aqe, + |a1VATe, + Soauga’]

NNLO xP1':
NNLO-+ct xPT:
NLO Taylor € :

NNLO Taylor € :
NLO Taylor e, :
NNLO Taylor ¢ :

dga = 9o +02€72T —

Eq. (58) + 60, + 51,
. 4
Fq. (S8) + cq€, + 0, + 0,
co + (,‘.263. +0, + 01
Co +(:-2¢¢.:,ZT + 046;1r +d, +01

Co+Cre, + CgC?r + 8, +01

e (go + 2g(3)) In (672T) + gocz€>

Slide adapted from A. Nicholson




A percent-level determination of the nucleon axial coupling from QCD

Extrapolations Dimensionless parameters:
lattice spacing, volume, pion mass
2 1 CL2 T e = .
‘a T U4r Wi i " AnF,
Oq = a253 T b483872r + GL4<°5;L + ay Vime, + 82065043] Fi(z) =) [Ko(:c\n\) . Klgfﬂfb}
i
b1 = 522 [0 Fy(meL) + goFa(maL)] + 2 Fi(mp L) File) = =3 3 S

—

Beane and Savage —

Phys.Rev.D70 [hep-ph/0404131]

ga = go T+ 0267% — 6727 (90 + 29(3)) In (672T) + QOCSE?T

NNLO yPT: Eq. (S8)+4d, + 4y
NNLO-+ct xPT: TFq. (S8) + cacr + 6, + 61

NLO Taylor e?r Doy + (,‘.263 +0, + 0L

~

NNLO Tavlor €2 : ¢y + czei + c4e;4r +d, +01
NLO Tavlor e, : ¢y +c1e- + 0, +0f,

NNLO Taylor ¢, : c¢o+cre,; + Cg(.?r +0q + 07

Slide adapted from A. Nicholson
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Continuum and infinite volume extrapolation
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Continuum and infinite volume extrapolation
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Model average extrapolation

1.35 i - 933%Pie.,a—0) L] model average
mOdeI average : ¢ gSEC — 1'2723(23} —— NLO TZ)'lOl' éi
) I Y (N PP NNLC Teylor
1.301 R B Y e N3LO vPT
——- NNLO yPT
1.25 - | — — - NLO Taylor ¢,
- D . S N DY 0000\ YN NNLC Taylor e
> :
1.20 : {
|
|
1.151 P oa=000Tm  —— gales a~ 009 fm)
Poae~012fm —— gu(e..a~0.12fm)
1.101 ¥ a~013fm galeq. a2 015 fm)
000 005 010 015 020 025 (.30 1.24 1.26 1.28 1.30 1.32

€r = My /(47 F})



A percent-level determination of the nucleon axial coupling from QCD

Model average extrapolation
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In [2])1 switches = dict()

# Ensembles used in extrepolation

switches|[ 'ensembles’'] = [
'alsmda00’',"'alzmdado’, "a09ma0d’,
'al5m350', 'al2m350', 'a0d9m350',
'al5m310','al2m310', 'e09m310',
'al5m220', 'al2m220', 'a09m220"', '212m2203', 'al2Zm220L’',
‘al5ml30°, "al2ml30°’

]
switches|['x shift'] = {

'al5m400':0, 'al2m400 :0, 'a09m400':0,
‘al5m350°':0, 'al2m350 :0, ‘'a0%m350':0,
'‘alsm310°':0, 'alzm310 :9, ‘'a209m310°':0,

'alSm220':~.002, 'al2mz20 :.00,'a09m220'+.004, 'al2m2208':+~.003, 'alZm220L’'
'al5ml130's-.003,'al2ml130 :.001

)

.002,

switches| 'ansatz'|] = dict()

### Type of fit: 'xpt N', 'taylor N', 'linear N', ‘'constant N', ’'xpt-full 4°', ’'xpt-doublelog 4°,
xpt-delta N'

switches|['ansatz'|['type'] = ['xpt 2', 'xpt 4',"'taylor 2','taylor 4','linear 2','linear 4']
#switches[ 'ansatz"J[ 'type '] = [ 'xpt-delta 3']

switches|'ansatz'||['¥V'] = True # True turns on lNLO FV correction

switches|['ansatz'|['FUn'] 3 # FV(epi™n) where n in [0,2,3]

switches|[ 'ansatz'|]['xsb'] False # True turns on 0Ofa) discretizaticn
switches|['ansatz'|['alpha'] = False # True turns on O(alpha s a”2) discretization

#F#F NOTEBOOUK Report

switches|'repcrt'| = dict()

switches|['repcrt'|['print £fit'] = Palse

switches['repcrt'|["lecs'] =« True #fprint LECs

switches|[ 'repcrt’'|['lecs_full'] = False #True print ALL LECs, False, print frcm lec list
switches|[ 'repert’'|['correlat-on’'] = True

### Save figs to local directory?
switches| 'save [igs'] = True

### plot tocls

switches|['plot’'] = dict()
ewitches|['plet' ]| 'raw data'] = False
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i resl»

| model average

— —- NLO Taylor &
statistical o81% L\ | NNLC Taylor ¢
chiral extrapolation 0.31% L NPT
a— 0 0.12% 7 NNLO Tl
L — oo 0.15% -
isospin 0.03% 1
model selection 0.43%
total 0.99%
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Lattice QCD Team . ‘ _‘3 U.S. DEPARTMENT OF ENERGY
Glasgow: Chris Bouchard
INT: Chris Monahan I N c I I E
JLab: Balint Joo LEADERSHIP COMPUTING
Julich: Evan Berkowitz %O AK RIDGE LEADERSHIP
LBL/UCB: David Brantley, Chia Cheng (Jason) Chang, T. Kurth (NERSC), Henry Monge-Camacho, AWL  National Laboratory | FACILITY
y g

LLNL: Pavlos Vranas o L; Lawrence Livermore
Liverpool: Nicolas Garron .\ I.’;‘ —4 National Laboratory
NVIDIA: Kate Clark N S DAC

N SciDAC
RIKEN/BNL:  Enrico Rinaldi at lgl,us 3 few BTy
UNC Amy NlChO'ISOIl rends DOZE Topical Collaboration
William and Mary: Kostas Orginos Double Beta Decay

Office of

CD @E‘ﬁ’ﬁﬁéy Science
g3°P = 1.2711(103)%(39)X(15)*(19)V (04)! (55)M
= 1.2711(126)
g oA =1.2772(020) experiment factor of 6 more precise

[0 The success of this result was enabled through a few features of the calculation:

[0 an unconventional strategy that can exploit exponentially more precise data
at early time and has demonstrable control of excited state contributions

[0 an action with improved stochastic behavior, a very mild continuum
extrapolation, highly suppressed chiral symmetry breaking

access to a set of ensembles (MILC) that allowed for control over all standard
lattice systematics (physical pion mass, continuum and infinite volume limits)

ludicrously fast GPU code
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. )
Lattice QCD Team . ‘} U.S. DEPARTMENT OF ENERGY
Glasgow: Chris Bouchard
INT: Chris Monahan I N c I I E
JLab: Balint Joo LEADERSHIP COMPUTING
Julich: Evan Berkowitz %OIXK RIDGE LEADERSHIP
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UNC Amy NlChO'ISOIl rends DOZE Topical Collaboration
William and Mary: Kostas Orginos Double Beta Decay

P @cenErcy 20
03 = 1.2711(103)"(39) (15)°(19)" (04)' (55)
— 1.2711(126)
ga "% =1.2772(020) experiment factor of 6 more precise

O there is a 4-sigma discrepancy: beam 7,°™ = 888.0(2.0)s and bottle 7>°"! = 879.4(0.6)s
measurements of the neutron lifetime, new physics (dark matter) or unknown systematic?

Czarnecki, Marciano, Sirlin
arXiv:1802.01804

5172.0(1.0) s
Tn = 5
1+ 3g%

....................
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0 The method 1s readily extended to

O0o0oad

flavor changing currents
non-zero momentum transfer
multiple current insertions
multi-nucleon systems
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Lattice QCD Team

Glasgow: Chris Bouchard
INT: Chris Monahan
JLab: Balint Joo
Jilich: Evan Berkowitz
LBL/UCB:

LLNL: Pavlos Vranas
Liverpool: Nicolas Garron
NVIDIA: Kate Clark
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