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Lattice QCD

- 1
[:QCD — wa(D‘F mf)'t/)f + Ztl’FuuF’uy
f

Non-perturbative QCD contributions from first principles

!

Control all systematic uncertainties

al T 1T T | || + Discrete Euclidean Space-Time
=ttt I + Finite spatial volume and time extent
—1+ 4+ L + Path integrals rigorously defined and
! computed via Monte Carlo methods
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Lattice QCD

- 1
ﬁQCD — wa(D_F mf)'t/)f + Ztl’F‘uuF’uy
f

Non-perturbative QCD contributions from first principles

!

Control all systematic uncertainties

Parameters in a simulation:

R 4+ Lattice spacing: @

L  + Finite volume and time: L, 1

G N S S — + Quark masses: Mydq, Mg, M, MM

4+ #seequarks: Ny =2,2+1,2+1+1,...
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Lattice QCD

- 1
ﬁQCD — wa(p_l_ mf)q/)f + ZtrFuuFHV
f

QCD recovered by removing cutoffs

+ Continuum limit; a— 0
+ Infinite volume limit: L, T — o0
+ Interpolation/Extrapolation my — mghys

to physical quark masses:

To reliably estimate systematic errors:

repeat the calculation for several lattice spacing, volumes
and sea-quark masses
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CHARM 2018

Lattice QCD - State of the art

My Mg Mg Me TNy my

B R -
10 10 10°~_  10* 10° MeV

amg ~ 1/3
CLS Ny =2 4 0.20 e e e e e e ;
ETMC Ny =2 & I | i |
(clover) ETMC Ne=2 v a[fm]
QCDSF N =2 4
BGR Ne=2 4 I
JLQCD N = 2 0.15
(plaq) TWQCD N =2 + L
(Iwa) TWQCD Nf =2 X
(HEX) BMW Ne=2+1 @O
(stout) BMW Ne=24+1 0o L
(Stout-stag) BMW Ne=241 ¢ 0.10
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JLQCD Ne=2+1 0.05 T Elé-‘;uA ,,,,,,,,,,, & Aﬂ ,,,,, :
(Mébius) JLQCD Ne=2+1 I o @ | |
RBC-UKQCD Ne=2+1 o | 1
(DSDR) RBC-UKQCD Ne=2+1 o
(Mé6bius) RBC-UKQCD Ne=2+1 © I 3
MILC Ne=2+1 o 0.00 P : 3 3 | :
MILC Neg=2+1+1 0 100 200 300 400 500 600
ETMC Ne=24+1+1 o
BMW Nf=1+1+1+1 o0 Mps [MeV]
LQCD/CP-PACS (2001) Ny =2 X _ _
M, (experiment) @ [G. Herdoiza summer 2015 + (partial) updates, C. Pena]
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Quark masses on the lattice

e, Mg Mg Me Ty iy
e e "’
| | |
10 10 10 10* 10° MeV
\amq ~1/3

Light quarks: discretization errors ~ (aAgcp)”

finite size effects ~ exp [—M; L]
Extrapolation in m, 4 often necessary (ChPT)

Heavy quarks: discretization errors ~ (amp)"

« Charm quarks: am, ~ 0.3
directly accessible on the lattice

- Bottom quarks: amy = 1

extrapolation or an effective theory (HQET, NRQCD, ...)
IS needed
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Euclidean Correlators

Masses and hadronic matrix elements

are extracted from Euclidean Correlators
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Leptonic decays

qe.s

4

D(S) — v

Decay constants (o4 |p,p) = ifp, v},
(Lattice QCD) Ay = EVu54

2
F(D(S) — f}/) — |V;:d(s)|2 XX %m?mp(s)(l — TTLE/TTLQD(S))2

Decay rate
(Experiments)

CKM matrix elements

 Experimental + LQCD inputs for the determination of CKM elements

« Systematic and statistical errors cancellation in the SU(3) ratio fDS/fD
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Leptonic decays - FLAG

FLAG2016

EPJC77 no.2, 112
f[:] fD
| I FLAG average for M =2 +1 I+l

FMALMILC 14A
ETM 14E

ETM 13F
FMALMILC 13
FMAL/MILC 128

FLAG average for Mr=2+1
yOCD 14

IS HPQCD 12A L H
FNAL/MILC 11
H{FH  PACS-CS 11 e
! HPQCD 10A -l
! HPQCD/UKQCD 07 o
— o FNAL/MILC 05 —

FLAG2016

=24+1+1

My
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+

[

FLAG average for M, =2

{h TWoCD 14 Hh
ALPHA 13B
ETM 13B
ETM 11A
—H ETM 09
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fo. Mo
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PACS-CS 11
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FLAG average for Ny=2

TWQCD 14
ALPHA 13B
ETM 13B
ETM 114
ETM 09

1.10 1.15 1.20 1.25

FNAL/MILC 14A PRD90, 074509

« Improved action
« Physical mass: ud, s, ¢ 0

e a~0.06fm—+0.15fm

ETM 14E

* Improved action

PRD91, 054507

* Physical mass: s, C

e a~0.06fm

- 0.09 fm
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RBC/UKQCD

ca~0.11fm
- am. < 0.4

» Ny = 2 4 1 DW fermions

« Physical mass: ud, s, c

JHEP12 008

- 0.07fm

Leptonic decays - New Results
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Leptonic decays - New Results

RBC/UKQCD JHEP12 008 | Y a dwm o4
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Leptonic decays - New Results

FNAL/MILC arXiv:1712.09262 O

‘Ny=2+1+1 g O B ®

20 ensembles

M, (MeV)

Light-quark mass down to 3 (m, + mg)| ~ ™|

downto a ~ 0.03fm sl ‘ ® > o

Very high statistics (1000x4 samples) I3 3

IO Q.Q;S o7 &
« Big volumes (up to: 144°x 288, 6fm) 6T — .““fo“‘z). -
& my=ms ]
5E O Q o m=m/10
? “““ &> @ O  m)=physical ;
always 0.9me, m; R L@AN®) ’
ok <> R
: == 3F <> @
from heavy-quark 2k OO O :
fits (need < 1/2); 1;_____% .. —
0()E 0 63 0 66 0.69 0 I12 0 ‘15 0.18
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Leptonic decays - New Results

FNAL/MILC v ;
9t %
492 data pts; < -
g %
60 parameters; 7 | |
= 7
Xz/dOf =466/432; & — 4~ 0.00fm |
5L — a=~0.06fm ||
— a~0.042 fm
— continuum
4 15 20 25 30 35 10

MHs/fp4S

fo = 212.1(0.3)sa1 (0.3)ayst(0.2) £ ppes MeV

o, = 249.8(0.3)1a1(0-3)ayet (0.2) . oo MeV
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D — n(K)lv

CKM matrix elements

D
m? 3m

\Form factors ,
(Lattice QCD)

« Experimental + LQCD inputs for the determination of CKM elements

 Determination of the forms factors in all the physical g2 range

« Momentum dependence of the tensor form factor for BSM analysis

Gioreio Salerno 13/23
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Semileptonic decays - FLAG

FLAG2016

EPJC77 no.2, 112

ra2016 T+ (0) 0
HPOQCD PRD&2, 114506
PRD84, 114505
—m—{ FLAG average for N,=2+1 [
* Ny = 2 4 1 flavors of HISQ -
Il
« Improved action z L=+ HPQCD 11/10B .
* Physical mass: s, C — ¢ FNAUMILC 04 -
e a~0.09fm-=0.12fm
« No renormalization b © ETM 118 —
. D at rest frame 055 0.65 0.75 0.65 0.70 0.75 0.80

Modified z-expansion

« fo from the Scalar matrix element
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Semileptonic decays - New Results

New (Preliminary)
(B. Chakraborty) @ LATTICE 2017

HPQCD PRD82, 114506 || « N, =2+ 1+1 \
PRD84, 114505
« Physical u/d quarks
* Ny = 2 4 1 flavors of HISQ
_ - Both f; and fp over whole g*-range

* Improved action

1.5
* Physical mass: s, C L4 0

1.3}
e a~0.09fm-+0.12fm ol
» No renormalization “ 11 fi 5

1 "

« D at rest frame 09 | % @,
« Modified z-expansion 0'84 fo

0.7 ‘ . .
« fg from the Scalar matrix element ! 0o qz(Glevz) to ’

CHARM 2018 Gioreio Salerno 15/23



Semileptonic decays - New Results

1.8 - Ensemble A60.24 7
ETMC PRD96 10.5, 054514 o], Frmesomey g _-
. | |= Py =353 MeV ]
arXiv:1803.04807 f e A .
i - |4« Pp=0MeV % 1
+ Ny =2+ 1+ 1flavors of tmW | @) 12} ' L )
« Improved action ' , * |
08 L s ° _
« Physical mass: s, C 06| s ) |
e a~0.06fm-+0.09fm 0 | l“*s | |1 | 1|’5 | |2 | 275
1.2 Ensemble A60.24 N
* No renormalization 111 [ pr= 656 MeV il
5 - |m Pr=353 MeV Eiﬁ .
e f. o and fr over whole g“-range ' | Pr=151 Mev S
' br 2 0.9 <« Pr=0MeV . w" a
L L @) |
« Hypercubic discretization effects 7 osl . i
: . ¢
o : B * i
 Modified z-expansion o7 i ¢ _
0,6 ¢ |
 Vector & Scalar matrix elements N T T
70 0,5 1 1,5 2 2,5
q’(GeV)
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Semileptonic decays - New Results

fo(g?) and f,(qg°) at the physical point
EIML 2/do.f. =12 d.o.f. ~ 1100

35F ! | [ T —] 2,5 T T T T T I T T T T T I T T
[ — f (qz) [ 2,25 _ £ (q) T
0 251 — f(q |
i : D — 7 o4 e D — K |
— f(q) — @)
> BaBar i 2 > BaBar N
2,51 0 Cleo-D° — i O Cleo-D°
¢ Cleo-D* 1,75 — ¢ (Cleo-D? —
© BESIHI-D’ A © BESHI-D’ I
b » BESHI-D* it 15 »  BESIII-D* > ]
A Belle A Belle % Adl & |
» 1,25 AT E i |
1’5 0!: _ | A B D AN
“‘1“' - A (>
B T = 1 ]
L 0 -
1 - o T /_ i
A 0,75 g e & i
0,5 1 | 1 1 1 1 |— 05 1 | 1 l 1 | 1 | 1 | 1 | 1 | —
0 0,5 1 1,5 2 2,5 3 0 0,25 0,5 0,75 1 1,25 1,5 1,75 2
2 2 2 2
q (GeV") q (GeV)

P7T(0) = 0.612 (35)statsst (4)cn (T)rse (1) pise = 0.612 (36)
P7E(0) = 0.765 (29)stat 16t (11)cn (1) pise = 0.765 (31)
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Semileptonic decays - New Results

F T T T
- o B 447 m_=0.0150

09[ .
LOCD (T. Kaneko) @ LATTICE 2017 = briamomss ]
Preliminary 0sf .
5§+07f— B .
e IV = 2+ 1 of DW fermions = % %ﬁ ]
0.6F .

 New ensembles: fine lattice spacing o BT, m 00400
« Improved action 05 2 e | 1

¥ S |

« Physical mass: s, C Lol © Bed4T m=0010 ]

B =435, m =0.0250
B =435 m =0.0180

O m <

e a~0.05fm-=0.09fm

* Both f and fg over whole qz-range

.25
sk P
HH
g
I—E—@—.—|
l—:@:b—|
= —
e
|

e D at rest frame

0.6 - m
. =4.17, m_=0.0400
. q2=0 through BCL z-expansion o E=4.n, = 0.0300

| AFAGS
0 0.1 0.2
M’ [GeV]
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Semileptonic decays - New Results

ILOQCD (T. Kaneko) @ LATTICE 2017

Preliminary
T T T T | T T T T | T T T T T ‘ T T T T I T T T T ‘ IFFFi T T
A B=417, m_,=0.0190, m_=0.0400 - O CLEO-c 09, D’ — K'e"ve
o s i Dpirabaraiiiy
=i % B= 417, m. = 0.0035, m, = 0.0400 L5F 0 BESII'15, D’ > Ke'v, n
oo [ A B=435 m,=00120, m =0.0250 o T
E"’ L @ B=4.35 m=0.0080, m =0.0250 g"
S | @ B=435 m,=00042, m =0.0250 S
. o B=447, m=00030, m =00150 727 ]
”3; i “@
X 1.0~ - x 1.0~
< o
| | | | | | | | | | | | | | | | 1 | | | ‘ | | | | I | | | | ‘ | | | |
0 51 0 0.0 1.0 2.0 3.0 O'-Sl 0 0.0 1.0 2.0 3.0
qz [GeV] q2 [GeV’]
Drn 0) = 0.615(31 +17 +28
+ (0) = 0. (3D)star | 16) » _7 :
g*—0 a—0,chiral
DK +32
PKO) = 0.698(29)a(~18)-0 (*2)
a—(,chiral
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Summary of results

9
2 - : JLQCD A
RBC/UKQCD ‘T f+(0) Q
L
ETMC
1,5 — 6
S 5L FLAG 2016
5 5.0
e ol EEEELEEEELEEEE £ 4
" | FLAG 2016 o
0.5+ % i 5L
_ FNAL/MILC | | )
V i
0 0 | :
fo fp. fo fp. fo fp. Dnm DK Drnm DK Drn DK
T 1 T T T T ' T
L FNAL/MILC s
—e— —e— FLAG (HPQCD)
ro4 FNAL/MILC 14 e
o - o i JLQCD
PR AT AT SN TN NN AR NN TN NN SN MUY SR MUY S (T SO S S SN W S | ! | | | | | ! | | | ! | !
200 205 210 215 220 225 230 235 240 245 250 255 260 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9
D DK
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Determination of V. and Ve

sl e S T F— T
Summer 2016 agoe
b | Tl ESESELS | CLEO-c (tamsed) [LI3D] (D9 DY)  0TI89(00)(38)
CLEO-c | —e—— 457412404 Belle | " H—e—i 2431+64+49 | CLEO-c (untagge_di 1160] (D°, D+)  0.7436(76)(79)
BESOI| | —e— 23994174452 BABAR 1158 (DY) 0.7241(64)(60)
LB« | roe ' —e—7lat 160452 | Belle [IT57 (o) 0700(19)
CLEO-c o ——i 2504 +123+57 | FOCUS [1162] and others 0.724(29)
BESII et 6410406 | masar| 0 SR SR e
Belle :Ei))uu: H—|_0--H+H gg;gi;;gg i} Expt. D — wly; mode Veal F2(0)
BESIII *<"A>TH—°:)-| ........... fgilisffﬁg ,,,,,,,,,,, | BESTII (tagged) [1155 (DY) 0.1422(25)(10)
Average - el RS I T | e T (%,0°) 015925
| I | | | | g ;'ﬁ"‘h"""—‘;’);m o 25?3:|:31:|:33‘* BABAR‘1158 (1’)0) 0‘1381(36)(22)
40 42 44 46 48 50 52 54 200 250 300 350 gelle t|)-157 D(OD‘B+) 01%;é2((1171))(8)
fo| Ve [MeV] o, |Vi| [MeV] ombine (@ :
Vcd(s) from semileptonic decays
- T T (errors domlnated by theoretical inputs)
- FLAG average for Ne=2+1+1 |
C-Illl- | m ETM 14E Ll ‘/cd ‘/;s
2 e " FLAG 2016 | 0.2140 (93)1at (29)exp | 0.975 (25)1at (7)exp
- Nl “:C/gof ETMC | 0.2330 (133)1a (31)exp | 0.945 (38)1a1 (4)exp
. —
9 ~m{  HPQCD 12A/10A - JLQCD 0.232 (17)1a¢ (3)exp 1.035(64)1a¢ (5)exp
pzd —H— FNAL/MILC 11
¥QCD 14
~ | m | FLAGaverageforNi=2 | m | VCd(S) from Ieptonic decays
3 e el (errors dominated by experimental inputs)
= ——@— nheutrino scatterin
LZ ° CKI\: unitarit:/t ’ ° ‘/cd ‘/cs
=7 020 022 024 0.95 1.05 FLAG 2016 | 0.2164 (14)qcp (49)exp 1.008 (5)1qep (16)exp
FNAL/MILC | 0.2144 (5)1qcp (49)exp (13) g | 0.997 (2)1qon (16)exp (6)pn
RBC/UKQCD | 0.2185 (37)qcn (50)exp 1.011 (11) 100 (16) exp
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CKM 2nd-row Unitarity

1is ‘
. ETMC - Semileptonic decays (N;=2+1+1)
. ETMC — Leptonic decays (Ng=2+1+1)
1.10} VA FLAG — Semileptonic decays (Ny=2+1)
FLAG — Leptonic decays (N;=2+1+1)
1.05!
5
>
1.00!
0.95
0.19 0.20 021 022 023
Vcd
2 2 2
Veal” + [Ves|” + [Vep|” — 1 = 0.06(3) Nr=2+1+1
2 2 2 _
Veal” + [Ves|” + [Vep|” =1 =0.04(3) Ny=2+1
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Conclusions & Outlooks

4+ LQCD simulations with very small lattice spacings and light see quarks at
their physical masses are being performed

« No need (reduced) of chiral extrapolation m===) better precision

4+ LQCD predictions of the decay constants of the D and D mesons

are very precise (errors below 1%, now ~0.2%). Uncertainties in
CKM matrix elements dominated by experimental inputs

 New determinations are required to confirm systematic errors are
under control

4+ Determinations of D) semileptonic form factors still need to be

iImproved. Uncertainties in CKM matrix elements dominated by
LQCD inputs

* f4+ o over whole q2-range

2
* fr over whole gq“-range

CHARM 2018
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Thank you for the attention




Other results

2_I LA LA LA L L L T
ETMC Nf:2—|—1_|_1 19:_4> —<o— local _
L a —&— smeared combination | -
PRD96, 034524 = 1sb e ]
A N s L A ]
<0|Vu‘Hf(P,/1)> :fH;MH;Gﬁ Tﬂ?l-7;- %MM ]
o S 1ol AN
(mp +me)O\P|Hp(P)) = fu, My, N i :
|z 1.5F n
1.4F .
fD*/fD — 1'078(31)stat(5)input(6)tmin(S)disc(g)chir[36] 133, L ,tm,“‘ e tf“af‘. L

2 4 6 8 10 12 14 16 18 20 22 24

fD}‘ /st — 1'087(16)stat(6)input(6)tmin (7)disc(5)chir [20] t/a
id 6] (L/a)® x (T/a) Ksea a [fm] mx [MeV] Lmx # cfgs Ks Ke

C LS e n Se m b I eS E5 5.3 32% x 64 0.13625 0.0653 439 4.7 200 0.135777 0.12724
F6 483 % 96 0.13635 313 5 120 0.135741 0.12713

Nf — 2 F7 48% % 96 0.13638 268 4.3 200 0.135730 0.12713
G8 643 x 128 0.13642 194 4.1 176 0.135705 0.12710

. N6 9.5 48% % 96 0.13667 0.0483 341 4 192 0.136250 0.13026
arXiv:1803.03065 o7 64% x 128 0.13671 269 42 160  0.136243 0.13022

B. Blossier, J. Heitger, M. Post

ETMC '16, Ny = 2+1+1

]
fp=/fp, = 1.14(2) T
this work, Ny = 2 : » |
ETMC ’12, Nf = 2 I ¢
I | | I | | I | | I | | I I | | I | | I |
1 1.05 1.1 1.15 1.2 1.25 1.3
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Extraction of the form factors

The two semileptonic form factors f ; and f | can be determined from the
matrix element of the vector current

(ED — EP) (IZ) — (pDi - pPz') (‘70}

f+(q2) -

2Epppi — 2Eppp; > - d\
N N p 0
f (C]2): (pDi+pPi) <‘/0>—(ED—|—EP) <m> .
B QEDppz' — 2EPpDi S — Cd

2

fold®) = 11(") + 3 g I (@)

An alternative way to determine f, is to use the scalar density

fold®) = 35377 (Pwr)ISID(PD))
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Simulation Details

To inject momenta we used non-periodic boundary conditions

Both the D and the (K) mesons
can have non-zero momentum

5 V/at
1.90 | 32% x 64 0.0, +0.200,
+0.467,  +0.867
q 243 % 48 0.0, +0.150,
~ +0.350,  £0.650
. 2T - 1.95 | 323 x 64 0.0. 10.183,
PD — 791 +0.427,  £0.794
- 243 % 48 0.0, +0.138,
27-(- . 9 — 9(17 19 1) +0.321, 10.596
ﬁﬁ = —0, 2.10 | 483 x 96 0.0, +0.212,
L +0.493,  +0.916
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Lorentz Symmetry Breaking

1.1 Ensemble D30.48 f VS. q (Gevz) Ig
- e Pr=661 MeV iyg
1= IPTC=356MCV i%%
||+ Pp=153 MeV ils
o
ool |« Pr=0MeV i
0.8 % %
0.7 E E %
Y S I SO S
0 0.5 1 LS 2 >
115 | | : i : I T T T [
o | Ensemble A40.32 i?
- | Pg =656 MeV
1,05 _ EE
" |n Pk =353 MeV i
L e Pg=151 Mev i % %
L < PK = (0 MeV % §
0,95 |- % E 1] :
0.9 E E § %
0.85 } ¢ ¢
0.8 % é
0.75 I S T S B
20,5 0 0.5 ! - ’
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LI Ensemble D30.48 i
* 3
- |ePp = 0 MeV > i
1 — —
| ® corrected O uncorrected] ® |
o
0,9 — _|
0,8 — % —
0,7 _
0,6 | | | | | | | | | |
0 0,5 1 1,5 2 2,5
1,15 T | T | T | T | T |
Ensemble A40.32 ] |
1,1+ E —
" |e pp=0MeV 1
1,05 — { _|
I ¢+ |
1 [ —]
0,95 — _|
0.9 - E -
0,85 — o |
0,8 — |
0.75 l . | . | . | . | . |
-0,5 0 0,5 1 1,5 2



In the continuum limit

25

1.5

DK, 2
— f, @)
Dr, 2
— £,.7q)
- f_?K(qz) D-meson rest frame

-~ £"(q") D-meson rest frame

1.3+

1.2+

1.1~
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DK, 2

Dr, 2
£, ()
- fEK(qZ) D-meson rest frame

- f;m(qz) D-meson rest frame
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Determination of V. and Ve

~
2 2 3 2
dI'(D — Plv) B G%|Vez| 7 |3 |fDP(q2)|2 ‘ vV (q2) o 24 AF(%)
- P cx\Y; ) —
2 3 + 7 2 2
dq 24w GF I (Qi )
arXiv:1706.03657
0,4 : : . : : | 1,8 —
— Vu
> BaBar | 1.6 — Vs _
0,35+ o Cleo-D° _ ’ > BaBar
¢ Cleo-D* - o Cleo-D°
© BeslII-D° i 1.4 ¢ Cleo-D* B
03F | * Beslll-D T - I © BesIlI-D° |
Belle 12 . geim-w { 1
i . 2 elle
3025 58 : A Tl nir | .; S
i 1_§ - L T T a- LA [P bT O O O
0,2 [~ 4 4 A
0,8 |
0,15} i 0’6__ 1 _
0,1 L l L | L l L | L | — 0,4— ! | ! | ! | ! | ! | | | ! |
0 0,5 1 1,5 2 2.5 3 0 0,25 0,5 0,75 1 1,25 1,5 1,75
2 2 2 2
q (GeV) q (GeV")

2 _
¢’ € 0,45 ¢ =0

Veq| = 0.2330 (137)
Veq| = 0.2341 (74) [Ves| = 0.970 (33) V.s| = 0.945 (38)
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3-points correlators

Cro(t)

(Op(t')L()O},(0))

large ¢

O, (t)

0]0(0) |7 (p=)){D(pp)|OL(0)]0) e~ FrteErt—t)
(0107(0) |7 (p#)) {D(Pp)|Op(0)]0) € < (7 (p)[T(0)|D(pp))

(2Ep)(2E,)
From 2-point Form factors

correlators




Euclidean Correlators

(0) )|
Ly,

0l O,.(0) |7)|?
exp|—Ept] =2 0] 215/[” ) exp|— M, ]

C(t)=(0-(t)OL(0)) =) 2 O;

Calculated on the lattice (Importance sampling Monte Carlo)

\

5 [ P1610:(0) 00 e 5791 = §_j 01() Oa(0)

(AO)* = Ni i:(O(qﬁc) — (0))° mmm) Statistical error ~ \/%

€ e=1
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/ D[U] D, 9] e SWI=Mv — f D[U] detM e~ %"

Gaussian integral for anticommutative (Grassmann) variables

det M encodes the contribution of see quark loops

> G

Quenched Unquenched
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Modified z-expansion

= (MD + MP)2
Do) — FP7m(0,0%) + ei(a®) (= = 20) (14 Z52) ||y = (p + ) (Vi — /102

+ 2
I =3 VPV
\/t_|_ —q2+\/t+ — 1y
D—m 2 2 L z2+20

L~ Kpsp(D)

c(a?) and cy(a®) have a
D_>K( 2) - fD%K(Oa ag) + c+(a2) (2 — 20) (1 + ZJFTZO) polynomial dependence on a’
In —

1 — Aj% (1+ P.a?)

My, and M g are parameters
) left free to move in the fit

Z + Zg
2

0 (g% = FPTR(0,0%) + co(a®) (2 = 20) (1 +

f—|—(07a2) - f0(07a2) = f(07 a2)
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ETMC - Tensor form factor

f-(g°) at the physical point

ETMC
25— ‘ ‘ . . 1.6 ‘ | . . :
1,4_ o f?fqz) f
. - flzlfqz) )

08

06} .

0 1 | 1 ‘ I | I | 1 | 1 0’4 I | 1 ‘ 1 ‘

LT(0) = 0.506 (79)

LH(0) = 0.687 (54)
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