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Lattice QCD: Why? How?

9 )
W The Lattice formulation is a non-perturbative, systematically-improvable approach to regularize
a quantum field theory; it provides a fundamental framework for the study of QCD at low energies
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Lattice QCD: Why? How?

~

W' The Lattice formulation is a non-perturbative, systematically-improvable approach to regularize
a quantum field theory; it provides a fundamental framework for the study of QCD at low energies
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Semileptonic decays in Lattice QCD

The focus of this talk are baryon semileptonic decays, e.g. neutron beta decay.

M(n = peve) = £V 3, (p(0)| Wy n(p)) L,

S J
Y,

Key feature: in absence of radiative
corrections, the heavy W-boson
enables exact factorization of the
transition amplitude at tree-level.

Key ingredients:
- Hadronic matrix elements (QCD)

;i} - Leptonic matrix elements (QED)
- CKM matrix elements (Weak)
S—Uu
—> d—u
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Key tool: Euclidean correlation functions

The correlation function between two states zp allows for a spectral decomposition

10—1.
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V' Great for ground-ctatec
\ X Awful for anything elce!

Key Challenges:

e Exponential growth of the
noise with distance

e Reliably assessing
ground-state dominance




Key tool: Euclidean correlation functions

The correlation function between two states zp allows for a spectral decomposition

Copt (t) = (¥ ()9 (0)) = (b [T eow) = Y (Yn|n) (nleow)e " —> 5"”"“"’“?‘“’/
L) - n=N / cuppression!
o

V' Great for ground-ctatec
X Awful for anything elce!
Matrix elements are extracted from three-point correlation functions
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Accessible low-lying baryons with u,d,s,c
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From Three-point Functions to Nucleon Matrix Elements
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Determination of Nucleon Matrix Elements

Analycis repeated on multiple ensemblec Continvum limit N
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Determination of Nucleon Matrix Elements
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And moments of PDFs and GPDs

By changing the insertion we can study moments of PDFs and GPDs (Xs, ts) Or (Xins, tins)
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And moments of PDFs and GPDs

In summary: Ground-state matrix elements up to fourth Mellin moment for any Dirac structure
are computable with standard three-point functions; and it is a very well-established approach.

Recent results in Nucleon Structure (arXiv #):

e Charges and o-terms: 2412.01535 (ETMC), 2305.04717 241213138 (RQCD), 2303.08741 (Mainz),
2105.12095 230511330 (PNDME), 1805.12130 (CalLat)

e Electromagnetic Form Factors: 2309.06590 (Mainz), 2507.20910 (ETMC),
231110345 (PACS), 1906.07217 (MILC)

e Axial Form Factors: 230511330 (PNDME), 210613468 2309.05774 (ETMC), 1810.05569 (RQCD),
2207.03440 250318848 (Mainz)

e Second Mellin Moments: 1908.10706 2003.08486 2202.09871 (ETMC), 201112787 (NME),
200513779 (PNDME), 2401.05360 (DE+US on BMW)

\ e Gravitational Form Factors: 210710368 2310.08484 (MIT), 2401.05496 (xQCD) //

AAl T N r—— N
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What about other baryons?

Heavy baryons are easier, but there is also less motivation: they are harder to access experimentally.

Recent results for heavy baryons (arXiv #):

e Spectroscopy: 241118402 (CLQCD), 2309.04401 (ETMC), 2211.03744 (RQCD), 0906.3599 (BMW)

e Transition FF: 2507.09970 (A=N), 2504.07302 (=_+3), 210713140 (A_»/"), 2103.07064 (=»=), 210713909 (A /),
2103.08775 (AN ), 2009.09313 (A +N), 1712.05783 (A =N), 1708.04008 (=+%, T»N), 1702.02243 (A +A ),
1611.09696 (A /), 1602.01399 (A_+/), 1503.01421 (A +A ), 1306.0446 (A_+N).

e Structure: 2305.04717 (octet isovector charges), 1901.00018 (955 9=2), 1606.01650 (octet & decuplet charges),
1609.0398 (octet magnetic moment), 1310.5915 (charmed baryon EM)
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What about other baryons?

PHYSICAL REVIEW LETTERS 135, 231901 (2025)

Study of the A — pZ7, Semileptonic Decay in Lattice QCD

Simone Bacchio®' and Andreas Konstantinou®
Computation-based Science and Technology Research Center, The Cyprus Institute. 20 Kavafi Street, Nicosia 2121, Cyprus
*Department of Physics, University of Cyprus, P.O. Box 20537. 1678 Nicosia. Cyprus

®)| (Received 15 July 2025: revised 16 October 2025; accepted 10 November 21

: published 2 December 2025)

. e We present the first lattice QCD determination of the A — N vector and axial-vector form factors, which
° Transition FF: 2507.09970 (A=>N) are csental nputs fo snying the scmlepinic decay A pey. This channel provies » cean,
e e e e ’ theoretically controlled avenue for extracting the Cabibbo-Kobayashi-Maskawa matrix element |V, | from

the baryon sector. Our analysis uses a gauge ensemble with physical light, strange. and charm quark masses

and yields the most precise determination to date of the full set of transition form factors—including
second-class contributions—as well as the associated couplings. radii, and the ratio of muon-to-electron
decay rates, an observable sensitive to possible nonstandard scalar and tensor interactions. We compare
our nonperturbative results with next-to-next-to-leading order expansions in the small parameter

5= (my —my)/my 0.16. We find that the common phenomenological approximation of neg
the ¢* dependence of the form factors leads 10 a ~4% deviation in the decay rate. This underscores the
eritical importance of precise, fully nonperturbative form factor inputs for achieving the subpercent

lecting

precision targets of upcomi

experimental programs.

DOL: 10.1103/bvs9-wes)
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Test of CKM matrix unitarity

The CKM matrix is expected to be unitary in the SM. Currently the most stringent test
is the first-row unitary relation:

Ue aim to improve thic determination!

‘Vud‘z + ‘VUS‘z + ‘Vubyz =1

Cabibbo et al. [1]

|Vu%DG| — 0.97367(32) CKM Unitarity [2]
[V.EPC| = 3.82(20) - 103 7= Xusbr [S)—=— = .
K - 1cp, [4]F ] 1b - !
Vud @ Vb K 15 = s e
Vea Ves Ve FDG (el | }_'_l{ r | ?—I'—{ -
Vie Vis Vau 220 |VUS|'225 \/l(:}lz?};?z " W(z ;ngfwgg;l;ooo
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CKM matrix elements from decay rates

CKM matrix elements cannot be determined from first principles and require
combining theoretical (lattice QCD) results to experimental inputs:

I' = ! / d3ﬁp d3ﬁf d’ _)1/
2m (2m)32E, (2m)32E, (27)32E, €.9. for lambda cemileptonic decay
x(2m) 160 (pa —pp — pe — pu) IM*. — M(A = pe ) = T Vi (AWL|p) L

After integrating over the angular degrees of freedom, we obtain the expression

GF@ G - Precise experimental inputs
us’ / dqz\/)\(mAz’mPQ,qz)LuyHuy P P

1927r3mA - Necessary lattice QCD results
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Baryons vs mesons inputs

Meson (K—m) provide the most precise inputs, but are also the source of discrepancy.
Baryons provide valuable alternative approaches with fully independent systematics.

I I I I | I m\
— . Until PDG25, all results
g | lambdaic to date the / @, Recultc included in the PDG average ’
> o dated before 1983.
E 10_1— mo‘(’f lerC/S’e IPl,bUt, éat--- VA[UE(IO—fS) EVTS DOCUMENT ID
o
o 1.301 + 0.019 OUR AVERAGE NOW there are new
% 1.335 +£0.056 7111 BOURQUIN 1983 reSU|tS by BESI” LHCb
=1 H b
(@] - .
S 102k mmm e e 1.313 +0.024 10k WISE 1980 and more comlng!
A 1.23 4£0.11 544 UNDQUIST 1977
g 1.27 4£0.07 1089 KATZ 1973
% 10-3 1.31 £0.06 1078 ALTHOFF 1971 Q
é 1.17 £0.13 86 1 CANTER 1971 y
1.20 +0.12 143 2 MALONEY 1969
e Eos Zia /’ e 9 e _qe A Qe 3 i 2
. P Q@/\) Q\},\)\/“e v “\)/\)\ ﬁ;e v @e 0} “’N\ﬁ?e 0 1.17 4£0.18 120 BAGLIN 1964 Q
@zﬁ‘ @" Q/ < ﬁ;’ @o/‘ 4;/‘ @/V ,&/‘ 1.23 +0.20 150 2 ElY 1963
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Lattice QCD results on Lambda semileptonic decay

Ours was the first LQCD calculation of 4 — p matrix elements and form factors (FFs)
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0.90 0.95 1.00 0.60 0.70 0.80 0.00 0.70 1.40 -0.5 0.0 0.5 %_4_50_ = E i
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Lattice QCD results on Lambda semileptonic decay

Ours was the first LQCD calculation of 4 — p matrix elements and form factors (FFs)

Grand Fr dominate the decay rate T'nwo =

G%|Vus|2m3 6°

6073

(1 - %5) <f12 + 3g%>

G2 and F;s are second-class FFs (baryon-masses-diff. suppressed)

Gs and F;s are lepton-mass suppressed in the decay rate

1.0 T
S‘ —— This work
® 0.8 = QCD Sum rules
&
T 0.6 electron channel
Lo
—
& 0.4
S
D 0.2 N
e
0 | | -~ | | | |
00.000 0.005 0.010 0.015 0.020 0.025 0.030

q* [GeV?]
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... and combined with experiments to get Vus

We are not ready yet to provide final results, control of systematics is critical...
But we learnt useful things:

® (Sub-)percent level precision is within reach

e Baryon mass errors plays a critical role

e Non-perturbative approach is critical!

Anvo = 5.5(2)%

—4 ! T T 2 T T
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PDG Fo -

BESIII+- - - -

LHCb}- 1 K —

QCD Sum Rules

and ANNLO = —114(8)%

B(A—peb,)

B(A—pu,)

| | | | | | | |
72 76 80 84 1.201.351.501.65

This Work

with mZPC, 15
Cabibbo et al.
CKM Unitarity

T->XusPr

K—’H{ﬁf

K- poy(y)
11— uvy(y)
PDG ave.

2 - @
- -
SR
ol
-
022 023 024 00998 1.000 1.002
Vs

V IVERO|2 4 |Vs|? + [VEDG2
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Ratio of muon-to-electron mode

. . o . I'A — 1%
A very interesting quantity is the ratio of muon-to-electron mode R*¢ = ( Pr _“)
I'(A —per.)
1. Itis a pure first-principle prediction independent of external inputs
VR T N T T
\,
2. At NLO, it does not depend on hadronic matrix elements N A
m? 9 m? mt\ 15md m2 0.10 _\'\'\.\_\'\‘ P =
Rio=1\/1—- A—g <1 — QA_; —4A’4>+7A—Z artanh( 1— A—g) “-:’—Zv\_\'\v\_f_\‘_ !
\ P S P -
3. In presence of non-standard interaction it is sensitive to scalar and 0.05F \ iy iy
\.
tensor interactions only at LOine  R{% ¥ ny
e ~1l+rses+rrer AT -
H ~ =\ u3 ~ ~.
RSM E .00 (" N \-‘LHC\"
W ¢ \\.\\\:_\\.\_ <—F— )
= f T 4! T T H N 0 | \\:\: --------------
This Work —X?O = =ty )Tio -— 1 - 7 R i il
with mgHo, pgPe - F 4 HH dlllis H‘ 7 ~0: 031" Y ™
PDG |- = S -~ HES—. | 1
BESIII- —=—- sl = l 010k h
LHCb- 10 = - = . ' \'\ \
QCD Sum Rules }l _— {f al}—r—{l . #—:—T——ll g | | | | N\
7.2 7.6 8.0 8.4 1.201.351.501.65 0.175 0.200 -0.10  -0.05  0.00 005  0.10
B(A—-peb,) B(A—pup,) RFe €s
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Lambda production in neutrino-nucleon scattering

. o . Scattering Decay
The same FF can be used for a first-principle prediction N .
of Lambda production in neutrino-nucleon scattering! R ' '
}5 1.15F Sum rule = 5 '

7 100 - gy i
e/ N _ 0.90F T T T E ;
8 v + p—Hu i +A i; 0.75} E '
I | | I I h‘: = ! !
PRELIMINARY 0.60pmm=] ; . i 1
f:].\ 67 /—-—-‘: - 0.10+ : li
g Y /*"" Eo.os— - = x ; '
o 4_ L~ | 0.00= | 1 1 i 1
T v — _ ook T T T E 3
o g e < osof — 7
= 2r § e [ ® 00— | | L

Ammosov et al. (1987)

b M Fanourakis et al. (1980) 0.00}+ T T T I i
8 \ l | \ l 'i-o.os— T s |
0 25 50 7.5 10.0 12.5 =l 3 et
E]} [GeV] o I 1 | i i
-3.00F == ' ' !

N%-z;.so— = ‘

O-s.oo— i ; | i
0.15 0.10 0.05 0.00 a?

S. Bacchio - FPBM2026 — MITP — 25/05/26 pL YL )




Beyond the Lambda hyperon: the Sigma!

Still looking at the baryon octet, of main interest is the Sigma!

/2‘ (1197)  §0(1192) gt (HBR)

dds uds uuUSs

V:u le.m. umd

o A(1115)

Same quark content but (ambda. ic odd veder exchange of v d,

uds while Sigmas are even under the exchange of u  d.
sou A %Eabc [2 (u2075db) Sc + (UEC’Y&Sb) dc - (dgC75Sb) uc]
(939) d@u  (938) il cabe (Ua 01530 tc
n —> D 0 1 5 ig
\ udd uud / 3 Lcave [(ug Cysse) de + (df Cyssp) ]
3 €abe (d50’758b) dc
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Beyond the Lambda hyperon: the Sigma!

Still looking at the baryon octet, of main interest is the Sigmal!
AN
(- (192 159
Iv— (1197)y 0 (1192 + (1189
I Edds \ Euds 2uus
|| Nij»\u le.m. /u-»d
\ \
\ sou A(ldll5) e XY — n: isthe second most precise s»u decay
1" uds
‘\ 1 S=>U
\ I
\ (939) I d»u (938)
\ \\ Nydd 1 Pyud /
R /
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Beyond the Lambda hyperon: the Sigma!

Still looking at the baryon octet, of main interest is the Sigma!

7= N

dds uds uuUSs

I \
Xl&-}u ¢e.m. ‘l/u-»d

|

\ I/

ooy A(1115)

e 2 — n: isthe second most precise s=+u decay

uds
o - A SoU e X' A:is a Dalitz (EM) decay. Experimentally, allows
to access vector couplings and form factors!
(939) dou (938)

\ nudd p uud /
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Beyond the Lambda hyperon: the Sigma!

Still looking at the baryon octet, of main interest is the Sigma!

— ——

y S -~ A\
G— (1197)° ~ 0 (1192) 2 - o+ (118?)1\

\ dds uds uuUS I
\-»u ,\1~£ /M )
s\..u f A 1115 e X — n: isthe second most precise s»u decay
uds /
l
4@ -— $ou e X' A:is a Dalitz (EM) decay. Experimentally, allows
to access vector couplings and form factors!
(939) >u_ (938) . . .
\ N,dd Puud / e 2*— A: are charge-conjugated semileptonic decays,
very sensitive to jsospin breaking corrections!
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The Z*=» A\ decay rates

What are the differences between the two decay rates in 2*— 4 ?
G%|Vua|?m2.. 63 3
Iot pety = rl (;1(|)7r3 2t (1+ARC>(1_§5i><f12¢+3g%,i><1+0(5:2t)>
v

0L = (mx+t —mp)/ms+
O(6%) = 0.4%
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The Z*=» A\ decay rates

What are the differences between the two decay rates in 2*— 4 ?

G [VialPm2 05 3
st spedy = F‘ (;1(|)7r3 2 <1+ARc>(1—§5i><f12,:|:+3gii><1+0(5:2|:)>
v

0L = (mx+t —mp)/ms+
O(6%) = 0.4%

And many cancellations happen once we take the ratio:

5 2 2
FZ_—)AG_ﬂe _ my— — MA 2—30_ fl,— T 391,— 1 0(52_52 52 @
Is+ S Aetw, ms+ —ma )\ 2 — 30+ ]”12,+ + 397 = e
2
Higher order corrections cancel up to isospin-breaking effects < O o 5 ~ 0.08%
because hadronic matrix elements are the same in isoQCD 5ia = O 05%

30/40
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The Z*=» A\ decay rates

5 Aep ~ —ma Y2 -3\ [ fi_ +3¢i_
s (e (B Yo g )
I's+ S Aetw, my+ —mp J\2—30+ /J\ fi4 + 397+

Using the Ademollo-Gatto theorem (based on CVC) we can expand also the vector coupling:
o =ero for thic process!

fi_+3gi - filsue) +3¢7 - +0(262) g7 _
f127+ + 39%,+ filsue) + 39%,+ + 0(20%) Q%,Jr

<1 + O(2(62-62), 2éia2)>
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The Z*=» A\ decay rates

5 Aep ~ —ma Y2 -3\ [ fi_ +3¢i_
s (e (B Yo g )
I's+ S Aetw, my+ —mp J\2—30+ /J\ fi4 + 397+

Using the Ademollo-Gatto theorem (based on CVC) we can expand also the vector coupling:
o =ero for thic process!

fi_+3gi - filsue) +3¢7 - +0(262) g7 _
f127+ + 39%,+ filsue) + 39%,+ + 0(20%) Q%,Jr

<1 + O(2(62-62), 2éia2)>

In conclusions, we obtain: , ,
NNLO effects estimated to contribute at 0.2%

B slienis — i
ZToheTe | (1—A,)2x1.6647(72)mepe (40)¥NLo  With A, = T+ — 9L
s+ hetv, SM \ g1,+

Leading corrections are percent-level isospin-breaking effects in g,
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The Z*=» A\ decay rates

| L _
—A . g1+ — 91,—
5 ¢ el = (1—-A,)*x1.6647(72)mppc (40)NNLO  With A, =
T+ Aetve |SM g1.4
N VALUE(10~4) EVTS DOCUMENT ID
PPDG ave. | . 4o
YX——Aeve __ 1 35(24) w 0-561 +0.031 1620 ! BOURQUIN 1982 4 SM prediction (A =O)
PDG ave. D <
FZ =’y 1 09 1 0.63 +£0.11 114 THOMPSON 1980 L6
[Izl 0.52 £0.09 31 BALTAY 1969 =
CERN, 1982
| Ko o 5. [ 0.69+0.12 31 EISELE 1969 -
= 1.04(27) T
FBESHL 2023 0.64 +0.12 35 BARASH 1967 N
Yt —Aetr, =
0.75 £0.28 1 COURANT 1964 e g
i =
N VALUE(1079) EVIS  DOCUMENT ID T
‘*;_) 2.93 £0.74 £0.13 16 ABLIKIM 202304 4@ |, 1.0 Most reliable exp
? 1.6 £0.7 5 BALTAY 1969 =
—a—q 2.9 £1.0 10 EISELE 1969 0.8
[ 2008 6 BARASH 1967
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The Z*=» A\ decay rates

FE_ —Ae D,

= (1_Ag)2X1-6647(72)mPDG (40)nnLo  with N = g1+ — 91—

Iyt S Aetw, SM g1,+
PPE)G ave. . . _
ngAe Ze = 1.35(24) = Agave. = 9.9(8.1)% SM prediction (A =0)
r avee ’ Predicted huge
Yt —=Aetr,
isospin breaking —_
1§ s Sy corrections on g.! ?
YX——Ae v, . 1
[BESIIL, 2023 — 1.04(27) = Ag’sel. = 21(10)% .
S+—Aetr, =
Possible explanations of the tension: f
e LIBE: avery few diagrams survive in the g, splitting ) A Most reliable exp
e Exp. systematics: most probable? Needs new results! = '
e New physics: would be interesting to compute which 0.8

non-standard interactions survive at leading order in the ratio.
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Candidate: pion-cloud effects

arXiv:2202.10439
Pion-induced radiative corrections to neutron beta-decay In the case of the nUC|eon pion_cloud effeCtS are

Vincenzo Cirigliano,2:* Jordy de Vries,®* T Leendert Hayen,> % * .
Emanuele Mereghetti, ¥ and André Walker-Loud” ¥ eXpeCted tO (6{0) ntrlbute between 1.4% tO 26% on gA

"Los Alamos National Laboratory, Theoretical Division T-2, Los Alamos, NM 87545, USA
*Institute for Nuclear Theory, University of Washington, Seattle WA 98195-1550

Institute for Theoretical Physics Amsterdam and Delta Institute for Theoretical Physics, .
University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands [arXiv:2503.09891]

4 Nikhef, Theory Group, Science Park 105, 1098 XG, Amsterdam, The Netherlands
° Department of Physics, North Carolina State University, Raleigh, North Carolina 27695, USA

Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708, USA FLAG24 o ==

"Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA \

We compute the electromagnetic corrections to neutron beta decay using a low-energy hadronic FI_ AG2 4 + QED
effective field theory. We identify and compute new radiative corrections arising from virtual pions

that were missed in previous studies. The largest correction is a percent-level shift in the axial
charge of the nucleon proportional to the electromagnetic part of the pion-mass splitting. Smaller P DG2 4 J o
corrections, comparable to anticipated experimental precision, impact the S-v angular correlations

and the S-asymmetry. We comment on implications of our results for the comparison of the ex- g A
perimentally measured axial charge with first-principle computations using lattice QCD and on the
potential of S-decay experiments to constrain beyond-the-Standard-Model interactions.

125 130

In £* » A ratio, pion-cloud effects are expected to be about 4x larger (5.6% to 10.4%):
2t A: (mp +my) — ms ~ 60MeV 89T = dg" — 69~ = 28p¢.

vs 2x 2x
n=>p: (my+m;)—my=~135MeV OA =994 — dgy = dpc.
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Why QCD+QED?

QCD+QED is the first-principles framework
(go’ with the necessary parameters
for a sub-percent matching to nature.

Y
QCD+QED -1 S
.,' , le-of gy enpy Theory parameters: @, M, , M4, Mg, M, set matching
Fixed by nature ! / Altice &cH E.g. external inputs: M+, My, Mp, ,AMg,AMp
QCD+QED isoQCD
At percent level, isoQCD results ccheme-dependent
eviation

might have sizeable scheme-
dependent systematic effects

\/

0% 1% 2K 3%

S. Bacchio - FPBM2026 — MITP — 25/05/26 36/40




Towards lattice QCD + QED

Lattice QCD has reached a mature stage: _ Today, computing LIBE
is not only becoming feasible,

but a necessary next step!
e Physical point ensembles & high-precision:

— : isoQCD
<0>iso — ‘}grolo<o>a,v

a—0
~ 1O} ;
e Leadingorder isospin-breaking effects (LIBE): ':g %\—1\*\1\1
(0) = (O),, + 4ma(ZD),, + om(22),, "L . . ]
/eao{latwe §’(/(2} éreaémg 0.000 0.002 aQ[me] 0.004 0.006
e Benchmark calculations & scale-setting: = 42 ~PDG ¥ BMW % Our preliminary results .
(V) C
O> € {AM, aﬁ“’, Fpﬁgy(v), } = Ot —— == .
Mags Muon Leptonic s 4 ——
cplit. 9-2 ecaye < —8} Ig'or,bm mags- fP/Itflhg

Myi-Mz- Myo-My- Mzo-M=- Mys-Mzo M=s-Mzo M=s-M=o M=s-M=;
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The challenge in radiative corrections

S. Bacchio - FPBM2026 — MITP — 25/05/26

The exchange is the most challenging:

> Breaks lepton-hadron factorization
> Breaks Minkowski » Euclidean map

L

-V
‘ —Q
MW B
p
4 Proposed solution: N

Wé;,y .
. P

n p-states

—

Y

"

| SR VYV VI

Q=1/m:+k —m,

Q= \/ W+ 2Pk, + K — w,

[Matteo Di Carlo, https://indico.global/
event/16051/contributions/149080/
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Conclusions

Lattice QCD allows for first-principles, non-perturbative, and systematically-improvable results.

Increasing Quality / Time / Effort / Computational Resources / Motivation

— >
Qualitative Results <10% accuracy = 1% accuracy <1% accuracy
7 ensemble Few encemblec Many ensembles Inclugion of QED and icocpin
Heavy pion macs Good vnderstanding Full control of systematice breaking corrections!
No control of cystematics of syctematice in isosymmetric QCD (co far not always possible)
o] FIAG2024 gy
6 T T
[ | '_ . :]107"/1‘ i Au—Ad _ i BMW/DMZ-24 —_—
2500 | | J— Wl Eg;&i,;l'”m] i é b RBC/UKQCD-24+18 | —
[ JAM17 B A ] Mainz/CLS-24 —o0—
i 2+, ! \\ W BMW-20{ b——0——
- | Avg. 1 ———
2000 | - JPc : \\ ”*5' Avg. 2A p———f
_ 14 my = 392Mev ol — 3 ol el
C 20 128 e : s na i =l ‘ ;
E 1500 - isoscalar 1l || 4 _015 (; 0,‘5 1 = ,ﬁ4 pi /'
. t - x 2 % —10 0 10 20 30
isovector 10  (aSM _ gesp
09 100 11 12 13 14 R
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Conclusions

Motivation

/ Constructive feedback lsop with experiments
i¢ vital for our ﬂ‘e/a/./

provides theoretical inputs

/ \
Lattice QCD Experiments
\ L —

provides precise result to validate

\ the SM / direct searches of BSM /

o
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Conclusions

-

Thank you for
your aftention!
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