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why we care

theory-driven discovery of new physics through loops has an
impressive track record from the 70s, 80s, 90s

® NO KL —> jayy! — Charm [Glashow, Iliopoulos, Maiani 1970]
® Ci — 3rd generation [ Kobayashi, Maskawa 1973]
® AmK — M, [Gaillard, Lee 1974; Vainshtein, Khriplovich 1973]

e Amp = my large (with some hindsight...)

crucial to build and consolidate the SM!



why we care

SM quark flavour dynamics neatly encoded in CKM matrix

Vud Vus Vub
VCKM — Vcd, Vcs Vcb
Vie Vis Vi
1 — /2 A AN (p —in)
— A 1—\2/2 AN? + O(\*)
AN (1 —p—in) —AN? 1

VJKMVCKM = =

(0,0) (1,0)



why we care

1999]

[BaBar Physics Book,
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why we still care

b — s,

e tensions/puzzles: exclusive vs inclusive |Vy3| and |V
lepton universality in R(D),

e FCNC (relatively) poorly constrained in several processes

e some complementary precision tests are expected to improve
significantly (EDM by 10%-103, CLFV by at least 107, ...)

e upcoming new generation of experimental results

LHCb upgrade Belle Il BaBar 2009
LHCb 1/fb Belle CLEO 1999




Belle |l projections

e+ 4 GeV 3.6 A |

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’ N

s Positron source

New positron target /
capture section

Low emittance electrons
to inject



Belle |l projections

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab™1  [ab™!]
B(Dy — uv) 5.31 x 1073(1+0.053 £0.038)  +2.9%  +£(0.9%-1.3%) > 50
B(Ds — 1) 5.70 x 1073(1 4 0.037 £ 0.054) +(3.5%-4.3%) +£(2.3%-3.6%) 3-5
yop [1072] 1.1140.22 +0.11 +(0.11-0.13)  £(0.05-0.08)  5-8
Ar [1072] —0.03 £ 0.20 £ 0.08 +0.10 +(0.03-0.05) 7-9
AELET (1072 —0.3240.21 +0.09 +0.11 +0.06 15
AL 1072 0.55 + 0.36 + 0.09 +0.17 +0.06  >50
ALY 1072 + 5.6 +2.5 +0.8 > 50
afsm T [1072] 0.56 £ 0.19 & o3 +0.14 +0.11 3
yKsm T [1072] 0.30 £ 0.15 £ 002 +0.08 +£0.05 15
lq/p|fs™ ™ 0.90 + 078 + 008 +0.10 +0.07 5-6
PpRsmrm 1] —6+11+; +6 +4 10
AL [1072] —0.03 £ 0.64 + 0.10 +0.29 +0.09 > 50
ABS™ 11072 ~0.10 £ 0.16 + 0.09 +0.08 4003 >50
Br(DY — ) [1079] <15 +30% +25% 2
7 — wy [1079] < 45 < 14.7 < 4.7
T — ey [107Y] < 120 < 39 <12
T — ppp [1079] < 21.0 < 3.0 <0.3

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab~! [ab™!]
sin 23 0.667 4- 0.023 4+ 0.012 £0.012 40.008 6
! +2°  41°
v +14° +6°  £1.5°
S(B — ¢K") 0.9075-%9 +0.053 +0.018 >50
S(B — n'K°) 0.68 +0.07 £0.03 =£0.028 40.011 >50
S(B — KAKIKY) 0.30 £ 0.32+0.08 +£0.100 +0.033 44
|Vep| incl. +2.4% +1.0% <1
|Vip| excl. +3.6% +1.8% +1.4% <1
V| incl. +6.5% +3.4% +3.0% 2
|Vup| excl. (had. tag.) +10.8% +4.7% +£2.4% 20
|Vup| excl. (untag.) +9.4% +4.2% +22% 3
B(B — 1v) [1079] 96 + 26 +10% £5% 46
B(B — uv) [1079] < 1.7 50 >>bo >50
R(B — Dtv) 1+16.5% +5.6% +3.4% 4
R(B — D*rv) 49.0% +3.2% +£2.1% 3
B(B — K*Tvw) [1079] < 40 +30% >50
B(B — K*vp) [1079] < 55 +30% >50
B(B — X4v) [1079] +13% +7% +6% <1
Acp(B — X7) +0.01 40.005 8
S(B — K2n%) —0.104+0.31 +0.07 40.11 +0.035 > 50
S(B — py) —0.834+0.65+0.18 +0.23 +£0.07 > 50
Cr7/Cy (B — Xl0) ~20% 10% 5%
B(Bs; — ) [1079] < 8.7 +0.3
B(Bs — 7777) [1073] <2

[ BELLE2-NOTE-PH-2015-002,

retrieved from B2TiP]
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Lattice Quantity

CKM element WA Expt. Error

Lattice error

2013 (Present) 2014 2018
F(1) (B — D*tv) Vew 1.3 1.8 1.5 <1
G(1) (B — D) Veb 1.3 1.8 1.5 <1
G.(1) (B, — D) Vi - 46 -
((B — mlv) ) 4.1 8.7 4 2
fB (B — v, pv) V| 9.0 2.5 1.5 <1
R(D)(B — Drv) - 13 4.3 4 <2
Mixing ((Amg/Amg)|  |Via|/|Vis] 0.4 4.0 - <1




LHCb Run 2 and upgrade projections

LHC-B

Detector

Hadron
Calorimeter._

\L\. Muon
—~~Chambers

RICH
Detector \

Vertex - -. 5

ll _
Detector Eiect agnetic~

Calorimeter

Detector characteristics

Width:  18m
Length: 12m
Height: 12m

Weight: 4'270t /

n.b.: LHCb outdoing expectations (e.g. baryon semileptonic decay)



LHCb Run 2 and upgrade projections

Type Observable LHC Run1 LHCb 2018 LHCb upgrade Theory
BY mixing 5:(BY = /b @) (rad) 0.049 0.025 0.009 ~0.003
65 (BY = Jhb f5(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aq(BY) (107%) 2.8 1.4 0.5 0.03
Gluonic oM (BY — ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin ot (BY — K*9K*0) (rad) 0.19 0.13 0.023 < 0.02
26°T(BY = ¢KQ) (rad) 0.30 0.20 0.036 0.02
Right-handed ot (BY — ¢y) (rad) 0.20 0.13 0.025 < 0.01
currents TM(BY — ¢v)/Tpo 5% 3.2% 0.6% 0.2%
Electroweak  S3(B° — K*utpu=;1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin g2 Apg(B® — K*u*tp™) 10% 5% 1.9% ~ 7%
AK =1 < ¢ < 6GeV?ct) 0.09 0.05 0.017 ~ 0.02
BBt = ntutu )/B(BT = Ktutu™) 14% % 2.4% ~ 10%
Higgs B(B? — ptp~) (1079) 1.0 0.5 0.19 0.3
penguin B(B® — utu™)/B(BY — putu) 220% 110% 40% ~ 5%
Unitarity (B — D KX) 7° 4° 0.9° negligible
triangle v(B? — DFK®) 17° 11° 2.0° negligible
angles B(B® — J/v¢ K?) 1.7° 0.8° 0.31° negligible
Charm Ar(DY S KTK ) (107 3.4 2.2 0.4 -
CP violation AAcp (1079) 0.8 0.5 0.1 —

[ LHCb-PUB-2014-040]

n.b.: LHCb outdoing expectations (e.g. baryon semileptonic decay)



why we still care

e B-physics: much better precision 4+ new channels (e.g. much more
information on rare decays)

e + contributions from ATLAS/CMS

e + dedicated charm physics (BESIII running from 2011, large charm
production cross section at Belle II, ...)

e theory has to meet the challenge



plan

e starting point:
- thorough reviews on HQ decays/mixing (C Bouchard) and quark
masses (F Sanfilippo) at Lattice 2014

- contributions to the Lattice 2015 Conference

S
HE

- detailed coverage of results up to end 2013 in FLAG-2

(unfortunately, no preliminary updates of FLAG averages for
HQ quantities yet)



plan

e starting point:
- thorough reviews on HQ decays/mixing (C Bouchard) and quark
masses (F Sanfilippo) at Lattice 2014

- contributions to the Lattice 2015 Conference

S
HE

- detailed coverage of results up to end 2013 in FLAG-2

e guidelines:
- CKM tests focus
- status overview for decay constants, B-mixing

- strong progress + expt synergy in semileptonic decays



plan

e methods: where we stand (brief!)

- ensembles used in HQ physics, reach
- HQ approaches

e brief overview of
- leptonic charm and B decay
- B mixing

e charm and B semileptonic decays (+ CKM 2nd and 3rd rows)
e the % precision target

e conclusions and outlook
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ensembles/physics reach
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ensembles/physics reach

e charm physics directly accessible for some time now
e fraction of available ensembles used for HQ physics still limited
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ensembles/physics reach

e charm physics directly accessible for some time now
e fraction of available ensembles used for HQ physics still limited
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ensembles/physics reach

e charm physics directly accessible for some time now
e fraction of available ensembles used for HQ physics still limited
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approaches to B physics

what one would like to do
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approaches to B physics

effective theory used differently, different pros/cons balance: crosschecks crucial

A/myg _ A/m,
0 interp/ratio A npHQET
¢ T c
- bati CD-
b -I— ratios cancel systematics, b _I_ TIIICanEPre:::trC;i:veat ?n
 / lead to known static point \V g b
° . X
a a
A/myg A/m
q
! RHQ A NRQCD

(perturbatively) tuned RG
trajectory for good scaling

scaling window expected




towards a fully relativistic b

crucial issue: strong lattice space dependence of autocorrelations
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towards a fully relativistic b

crucial issue: strong lattice space dependence of autocorrelations
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towards a fully relativistic b

crucial issue: strong lattice space dependence of autocorrelations

a = 0.048 tm, m, = 340 MeV
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plan

e methods: where we stand (brief!)

- ensembles used in HQ physics, reach
- HQ approaches

e brief overview of

- leptonic charm and B decay
- B mixing

e charm and B semileptonic decays (+ CKM 2nd and 3rd rows)
e the % precision target

e conclusions and outlook
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charm leptonic decay
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charm leptonic decay

vy Y
" C [*

C

A~107° (mp, )

A = 07% (D), 14% (Ds) A O (mQD(s)) 10—4

(+ e.m. corrections!)



charm leptonic decay

= (0.039310.00351£0.0009)% CLEO-¢

o] (0.0371£0.0019£0.0006)% BESIII

—— (0.03821+0.0033) % PDG2014
Uuv+iv

0.04 0.06 0.8 0.1
B[D* Spu*v]

[from H Ma’'s talk on behalf of BESIII at CHARM 2015]




charm leptonic decay

||||||||||||||||||| |IIII|IIII|IIII|IIII|IIII|
A (0.565+0.045+0.007) % CLEO-C o (642+0.81+0.18)% CLEO-c (t"—n'v)
o (5.30+0.47+0.22) % CLEO-c (t"—e'vv)
|—e—| (0.531:0.028+0.019) % Belle
e (5.52+£0.57+£0.21) % CLEO-c (tt—p*v)
H (5.00+0.35:0.49) % BaBar (t*(e/1)v)
|—-—| (0.602:0.038=0.034) % BaBar
H (5.70:0.21°"3) % Belle (t*(e/u/n)v)
}0{ A — 45% Average H A — 43% average
L e e ey | I I N AN I N AN AN

0.6 0.8 1 1.2 1.4 5 10 15 20 25 30
B(DS%M*—VM) (o/o) B(D;-eﬂc"'\/r) (o/o)

[from S Eidelman’s talk on behalf of Belle at CHARM 2015]



Belle |l projections

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab—!  [ab!]
B(Dy — uv) 5.31 x 1073(1 £ 0.053 £0.038)  +2.9%  +(0.9%-1.3%) > 50
B(Ds — 1) 5.70 x 1073(1 4 0.037 £ 0.054) +(3.5%-4.3%) +£(2.3%-3.6%) 3-5
yop 110 7 T11£0.22 £0.11 T(0.11-0.13) £(0.05-0.08)  5-8
Ar [1072] —0.03 £ 0.20 £ 0.08 +0.10 +(0.03-0.05) 7-9
AELET (1072 —0.32 4 0.21 4 0.09 +0.11 +0.06 15
AL 1072 0.55 + 0.36 + 0.09 +0.17 +0.06  >50
ALY 1072 + 5.6 +2.5 +0.8 > 50
afsm T [1072] 0.56 £ 0.19 & o3 +0.14 +0.11 3
yKsm ™ [1072] 0.30 £ 0.15 £ 002 +0.08 +£0.05 15
lq/p|fs™ ™ 0.90 + 078 + 008 +0.10 +0.07 5-6
PpRsmrm 1] —6+11+; +6 +4 10
AL [1072] —0.03 £ 0.64 + 0.10 +0.29 +0.09 > 50
ABS™ 11072 ~0.10 £ 0.16 + 0.09 +0.08 4003 >50
Br(DY — ) [1079] <15 +30% +25% 2
7 — wy [1079] < 45 < 14.7 < 4.7
T — ey [107Y] < 120 < 39 <12
T — ppp [1079] < 21.0 < 3.0 <0.3

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab~! [ab™!]
sin 23 0.667 4- 0.023 4+ 0.012 £0.012 40.008 6
! +2°  41°
v +14° +6°  £1.5°
S(B — ¢K") 0.9075-%9 +0.053 +0.018 >50
S(B — n'K°) 0.68 +0.07 £0.03 =£0.028 40.011 >50
S(B — KAKIKY) 0.30 £ 0.32+0.08 +£0.100 +0.033 44
|Vep| incl. +2.4% +1.0% <1
|Vip| excl. +3.6% +1.8% +1.4% <1
V| incl. +6.5% +3.4% +3.0% 2
|Vup| excl. (had. tag.) +10.8% +4.7% +£2.4% 20
|Vup| excl. (untag.) +9.4% +4.2% +22% 3
B(B — 1v) [1079] 96 + 26 +10% £5% 46
B(B — uv) [1079] < 1.7 50 >>bo >50
R(B — Dtv) 1+16.5% +5.6% +3.4% 4
R(B — D*rv) 49.0% +3.2% +£2.1% 3
B(B — K*Tvw) [1079] < 40 +30% >50
B(B — K*vp) [1079] < 55 +30% >50
B(B — X4v) [1079] +13% +7% +6% <1
Acp(B — X7) +0.01 40.005 8
S(B — K2n%) —0.104+0.31 +0.07 40.11 +0.035 > 50
S(B — py) —0.834+0.65+0.18 +0.23 +£0.07 > 50
Cr7/Cy (B — Xl0) ~20% 10% 5%
B(Bs; — ) [1079] < 8.7 +0.3
B(Bs — 7777) [1073] <2

[ BELLE2-NOTE-PH-2015-002,

retrieved from B2TiP]



Ne=2+141

N¢=2+1

N¢ =

FLAG-2 on charm decay constants

F3G2013 1D fo, FTAG2013 fo,/fp
+
—{— ETM 13F —— ) — ETM 13F
0 FNAL/MILC 13 O N ] FNAL/MILC 13
- FNAL/MILC 128 O % it FNAL/MILC 12B
kad our average for Ny =2+1 u . our average for Ny =2+1
- HPQCD 12A iy - = HPQCD 12A
q EZ?;/'\CA;Lflll ™ N . FNAL/MILC 11
AR = s PACS-CS 11
o HPQCD 10A & < HPQCD/UKQCD 07
HH HPQCD/UKQCD 07 i} =y NALMILC O
T — FNAL/MILC 05 } < | HH | /
- our average for Ny =2 . — il our average for Ny =2
N
. ETM 13B . []_ - ETM 13B
— {— ETM 11A L z . 0 ETM 11A
—{ H ETM 09 >—[|]—< ——{— ETM 09
180 200 220 240 230 250 270 MeV 1.10 1.15 1.20 1.25

Ny fp [MeV] fp. [MeV] fp./fp

208(7) 250(7) 1.20(2)

241 209.2(3.3) 248.6(2.7) 1.187(12)

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]



new results for fp

new results superimposed on FLAG-2 summary plots:

Ne=2+14+1

Ne =241

N¢

fD fDS st/fD
H_H ETM new ') "T‘ 1 ETM new
0 FNAL/MILC new O i . FNAL/MILC new
—{— ETM 13F — ~N —_ ETM 13F
O FNAL/MILC 13 O I 0 FNAL/MILC 13
H FNALMILC 12B T z s FNAL/MILC 12B
for Ne=2+1
i our average for Ny=2+1 | | our average for N¢ =2 +1
- HPQCD 12A T X . HPQCD 12A
—-m— FNAL/MILC 11 H— I — FNAL/MILC 11
——{ +—+PACS-CS 11 g e — PACS-CS 11
HH HPQCD 10A n T HPQCD/UKQCD 07
HH HPQCD/UKQCD 07 i } ay . FNAL/MILC 05
{H FNAL/MILC 05 |
- our average for Nr=2  |-m— ] our average for Ny =2
H - ETM phys {E o 'IIE'-IV-\IMQggyS
o~ H H TWQCD ~ .
. ETM 13B . Il - ETM 13B
— ETM 11A H vl : n ETM 11A
—{H ETM 09 >—[|]—< ——{— ETM 09
180 200 220 240 230 250 270 Me 1.10 1.15 1.20 1.25

- close to 1% accuracy: “raw” potential of lattice methods
- already at the level where e.g. electromagnetic effects are relevant



B leptonic decay

G2 2\
—~mimp,., (1 - > Vol” f5,., [+ h.o. OPE]
c)



B leptonic decay

B(B%ZVZ) _ G_% 9

To 7T

2\ 2
m2m, (1 ;’LB) Vo2 f2 [+ h.o. OPE]

\4

(negligible)

A =0.2%

(+ e.m. corrections!)




B leptonic decay

v
(negligible)

A =17.3% A~O<

(+ e.m. corrections!)




B leptonic decay

b b b Wt I+
+ + +
.W v | m t v |
_ — ; t —
S W l S l S W™ [~
+7- 2 2
B(BC] — [T ) . GF Q 2 mlz K 2 pr2
= — Y 47 sin? Oy mp,Mmy 1 4m2 H/;ﬁb‘/;fq‘ qu
TBq TC Bq
CMS and LHCb (LHC run I) 6 most sensitive bins
.= 1 T T T 1T ' T T 1T T T T T T T
= r —4— Data .
] — Signal and background
S 120 18— uw .
-~ [ By m
E 10 Cbes ye =« = Combinatorial bkg. ]
ﬁ i ..... E.emil.epl.'unic bkg. E 0 Lo 107 9
E BE— :-:!—'\ = == Peaking bkg. _E B(BS — ILL ILL ) — (2.8_06) X 10
61— —
m s, m
e = —
R At 2 e} o A
5000 5200 5400 5600 5800

m,, - [MeVid]



B leptonic decay

BaBar semileptonic tagging
(1.7 +£0.8 £0.2) 1077

BaBar hadronic tagging
1 @a+053 4 9, -
b= - | (1.83 739 £0.24) 107

-1 49

ﬁ Belle semileptonic tagging (old)
W r L : .' L .
| (151758 443 1074

Belle hadronic tagging
72 05t +£0.11) 1074

Belle semilpetonic tagging

25 28 £ 0.27 o
CKM fit . (1 2;':}.02 UZ:)]CII
1 2 3 |

B(B — Tv) (10~1

[from C Park’s talk at FPCP 2015]



Belle |l projections

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab™1  [ab™!]
B(Dy — uv) 5.31 x 1073(1 4+ 0.053 £0.038)  +2.9%  +(0.9%-1.3%) > 50
B(Ds — 1) 5.70 x 1073(1 4 0.037 £ 0.054) +(3.5%-4.3%) +£(2.3%-3.6%) 3-5
yop [1072] 1.114+0.22 +0.11 +(0.11-0.13)  £(0.05-0.08)  5-8
Ar [1072] —0.03 £ 0.20 £ 0.08 +0.10 +(0.03-0.05) 7-9
AELET (1072 —0.32 4 0.21 4 0.09 +0.11 +0.06 15
AL 1072 0.55 + 0.36 + 0.09 +0.17 +0.06  >50
ALY 1072 + 5.6 +2.5 +0.8 > 50
afsm T [1072] 0.56 £ 0.19 & o3 +0.14 +0.11 3
yKsm ™ [1072] 0.30 £ 0.15 £ 002 +0.08 +£0.05 15
lq/p|fs™ ™ 0.90 + 078 + 008 +0.10 +0.07 5-6
PpRsmrm 1] —6+11+; +6 +4 10
AL [1072] —0.03 £ 0.64 + 0.10 +0.29 +0.09 > 50
ABS™ 11072 ~0.10 £ 0.16 + 0.09 +0.08 4003 >50
Br(DY — ) [1079] <15 +30% +25% 2
7 — wy [1079] < 45 < 14.7 < 4.7
T — ey [107Y] < 120 < 39 <12
T — ppp [1079] < 21.0 < 3.0 <0.3

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab~! [ab™!]
sin 23 0.667 4- 0.023 4+ 0.012 £0.012 40.008 6
! +2°  41°
v +14° +6°  £1.5°
S(B — ¢K") 0.9075-%9 +0.053 +0.018 >50
S(B — n'K°) 0.68 +0.07 £0.03 =£0.028 40.011 >50
S(B — KAKIKY) 0.30 £ 0.32+0.08 +£0.100 +0.033 44
|Vep| incl. +2.4% +1.0% <1
|Vip| excl. +3.6% +1.8% +1.4% <1
|Vius| incl. +6.5% +3.4% +3.0% 2
|Vup| excl. (had. tag.) +10.8% +4.7% +£2.4% 20
|Vup| excl. (untag.) +9.4% +4.2% +22% 3
B(B — 1v) [107°] 96 + 26 +10% +£5% 46
B(B — uv) [1079] < 1.7 50 >>b5o >50
R(B — Dtv) 1+16.5% +5.6% +3.4% 4
R(B — D*rv) 49.0% +3.2% +2.1% 3
B(B — K*Tvw) [1079] < 40 +30% >50
B(B — K*vp) [1079] < 55 +30% >50
B(B — X4v) [1079] +13% +7% +6% <1
Acp(B — X7) +0.01 40.005 8
S(B — K2n%) —0.104+0.31 +0.07 40.11 +0.035 > 50

S(B = pv)

C7/Cy (B — X, l0)
B(Bs — vv) [1079]
B(Bs — 7777) [1073]

—0.83 £0.65 £0.18 =+0.23 £0.07 > 50

~20% 10% 5%
< 8.7 +0.3
<2

[ BELLE2-NOTE-PH-2015-002,

retrieved from B2TiP]



Ne=2+1+1

N¢ =241

N =2

FLAG-2

on B decay constants

FAG2013 B Bs FTAG2013 B./ B
+
L our average for Ne=2+1+1 .- — our average for Ne=2+41+1
+
W1+ ETM13E H-{ Cﬁl ETM 13E
™ HPQCD 13 - Z"' HPQCD 13
our average for Ny =2+1
= J ' ] - our average for Ny =2+1
A RBC/UKQCD 13A (stat. err. only) | H H
- HPQCD 12 — ‘_T_ —{ RBC/UKQCD 13A (stat. err. onIy)
HEH HPQCD 12/ 11A HIH Cﬁl — HPQCD 12
—4m—  FNAL/MILC 11 —— o —m+—  FNAL/MILC 11
— A HPQCD 09 H% Z s , RBC/UKQCD 10C
HPQCD 09
- our average for Ny =2 - |
—H—h ALPHA 13 — . our average for N =2
ETM 13B, 1
] 38, 13C . N n . ALPHA 13
L1+ ALPHA 12A — — )
— +— ETM12B H H - — ETM 13B, 13C
L ALPHA 11 d , 0 , ALPHA 12A
— — ETM11A — H— % (] | ETM 12B
; ; ETM 09D [} | ETM 11A
150 175 200 225 MeV 210 230 250 MeV 1.10 1.15 1.20 1.25

Ng

fB [MeV] B, [MeV] 8./ B

-1

-1+1

189(8)

228(8) 1.206(24)

190.5(4.2) 227.7(4.5) 1.202(22)

186(4)

224(5) 1.205(7)

(+ HPQCD results for fB., not covered by FLAG)



new results for fp,

new results superimposed on FLAG-2 summary plots:

£ f, fe./fa
‘_T_ ™1 our average for Ne=2+1+1 - i_ our average for Ne=2+1+1
" I ETMnew L (-\l,_ ETM new
~ "+ ETM13E H-{+— Il ETM 13E
I ™~ HPQCD 13 u = HPQCD 13
Z for Ne=2+1
bl ouraverage for fr =2+ d - our average for Ng=2+1
-t RBC/UKQCD new (0) n
} M . stat } 1 — ] RBC/UKQCD new (0)
T bk RBC/UKQCD 13A (stat. err. only) | 1 + ] < stat
~ @l HPQCD 12 ! ‘ﬁ‘ B RBC/UKQCD 13A (stat. err. only)
I HElH HPQCD 12/ 11A HE o« — HPQCD 12
= —a— FNAL/MILC 11 . Z —+m+—  FNAL/MILC 11
— H—  HPQCD 09 }——0—E|]—0—< H ; RBC/UKQCD 10C
HPQCD 09
. our average for Ny =2 - [|]
—H 4 ALPHA def —1 S our average for Ny =2
—H ALPHA 13 [ —+ m J
~ | w | ETM13B, 13C = (] i ALPHA def
I f+—H—+ ALPHA 12A — — N (] ALPHA 13
ZH— — J— ETM 12B g |J_ — — ETM 13B, 13C
H—{ H ALPHA 11 pd [ | ALPHA 12A
— — ETM11A — H— [} | ETM 12B
:  ETM 09D | H | ETM 11A
150 175 200 225 MeV 210 230 250 MeV 1.10 1.15 1.20 1.25

- still significantly larger error than for charm decay

- few values enter averages, strong need of more results involving

different HQ treatments




CP violation: B-mixing

b W

qg=d,s

0
;

0




CP violation: B-mixing

1-5r7 7177 [ | B O ’V T 1 1 71‘\]l I117 I |
| exchuded area has CL> 0.95 {%
L Y %
1.0 — :
%: l | 4 e Tagged mixed
= - S o Tagged unmixed
\\; 4001~ WAl 1 ¢ — Fit mixed
g i LB, Fit unmixed
= =
S -
S 200
-1.0‘: €K — i
I 1 o v
= srema 0 1 2 3 4
_1.5[-_111111111:"1';lllllllllllllllq dCCaytlme[pS:
-1.0 -0.5 0.0 0.5 1.0 15 2.0
p
(B0 HAP=2BY) = S g (1), 02 (BYQ1IBY) [+ ho. OPE]

n.b.: in this case one is interested in constraining the apex position, so
a priori knowledge of CKM's is needed [A()\fq) ~ 7-8% |



Nf=2+1

N =2

FLAG-2 on B-mixing

FTAG2013 fs, V Bs, fs,V Bs, FTAG2013 Bg, B,
—— our average —— —— our average il
T
a
1 FNAL/MILC 11 A o = | HPQCD 09 .
- HPQCD 09 - HPQCD 06A |
HPQCD 06A —
N O ETM 13B O
Il
O ETM 13B L z —+—  ETM 12A,12B ——
200 230 260 240 270 300 MeV 1.0 1.2 14 1.6 1.0 1.2 14 1.6
FTAG2013 “‘5 BBS/BBd
—— our average L
i
‘ﬂ‘ - FNAL/MILC 12 =
v
— g1 RBC/UKQCD 10C
ut HPQCD 09 —
~ HOH ETM 13B HOH
Il
z — O ETM 12A,12B O

11 12 13 1.4 09 1.0 1.1 1.2




new results superimposed on FLAG-2 summary plots:

Ne =241

Ne =2

new results for B-mixing

fs, V Bs, fs, \/ Bs, Bg, Bg,
—il— our average —— —— our average —l—
| +—+—— RBC/UKQCD 14 stat | 0 T RBC/UKQCD 14 stat—
N
[
H—+— FNAL/MILC 11 A —— = - HPQCD 09 —
- HPQCD 09 - HPQCD 06A  ——{ +——
HPQCD 06A —
~ g ETM 13B HH
Il
HCHH ETM 13B H{HH —— ETM 12A,12B ——
200 230 260 240 270 300 Me 1.0 1.2 14 1.6 1.0 1.2 14 1.6
E Bg./Bg,
—— our average L
HH FNAL/MILC latt 15
——{ RBC/UKQCD 14 stat (+— —+
+
o~ - m—|  FNAL/MILC 12 =
Z — RBC/UKQCD 10C
HH HPQCD 09 —
~ HOH ETM 13B W
I
d —— ETM 12A,12B HH

11 12 13 1.4

09 1.0 1.1 1.2




plan

e methods: where we stand (brief!)

- ensembles used in HQ physics, reach
- HQ approaches

e brief overview of
- leptonic charm and B decay
- B mixing

e charm and B semileptonic decays (+ CKM 2nd and 3rd rows)
e the % precision target

e conclusions and outlook



charm semileptonic decay




charm semileptonic decay

dI'(D — Plv)  G2Z|V.,|* (¢* = m})*/E% —m
dqg? 2453 q*m*,

2 2
2\ (14 50 )b (B3 — mb) )
m% - mB)lale?)|

uncertainties from kinematical factors / neglected h.o. OPE at the

e,lL suppressed

permille level



charm semileptonic decay

_ Tt e'v) /Tioa
[ (K e*v) /Tyoas Foral

e (3.45:0.10:0.19)% = (0.279+0.027+0.016) % BELLE
3.430. 10U, /0 BELLE
" (3 50:0.03:0.00)% I+ (0.288:0.008+-0.003) % CLEO-c
SHUT0.050. © CLEO-c
(0.2950£0.004110.0026) %
H (3.50510.014+0.033) % BESIII H BESIII Preliminary
Preliminary

. (0.2770£0.006820.0099) %

Babar PRD91(2015)052022
[ (K etv) /I (K m+)x[FPe2014 (g ~pr+

. | (3.5310.2710.4310.05)% E691

S

[ (tetv) /T (K etv)x[FPE20M (K ety)

—— (0.359£0.071£0.011:0.005)% gE691

I . | (3.4940.23+0.23+0.05)% CLEO

F—— (3.80£0.10£0.17£0.05)% cLEO2

| . (0.366+0.138+0.046+0.005)% CLEO
e (3.60:0.03+0.05+0.05)% BaBar (02914002 1:0.01840.004)% CLEOR
. (3.5510.05)% PDG2014 H (0.289+0.008) % PDG2014
| e b b b e b b ey
3 35 4 45 5 55 04 06 08 1
B[D? > K-e'V] B[D? 2> 7netv]

[from H Ma’'s talk on behalf of BESIII at CHARM 2015]



charm semileptonic decay

N 6
—— Simple pole ™ 7] — Simple pole
— Modified pole 3 - :m?fl.-e:o plole
: =1 o= [SGW2 ‘IED =1 e |SGW2
_: e Series.2.Par 2 4 ] me Series.2.Par
_ = = Serles.3.Par “:_q- - \ = = Series.3.Par
—_ —~ - Y1
- < - A\
1 D'>Ke'v 271 Dd>mpety
- — R-\._
: T T T ol hli—\;\ | T r I T
0 0.5 1 1.5 2 N 1 > 3
q? (GeV?/c?) Al ’3:\ q? {Ge\fzfcﬁ
D°—)K'e§§\ D> rnetv
£ (0)|V. | | 0.7209+0.6022-0.0033 | f*(0)[V 4| | 0.1475:0.0014+0.0005
Simple Pole N,
Mo 1.9207+0.0103+0.0069 M 1.9114+0.0118+0.0038
f.5(0)|V 0.7 63i6.0024i0.0034 f *(0)|V 0.1437+0.0017+0.0008
o pote. |- KOsl | 0.716 S(O0)IVed
o 1 D3088+0.0195:0.0129 o 0.2794:0.0345:0.0113
Sews £4(0)V.j | 0.7139+0.0023+0.0034 | f*(0)|V | | 0.1415+0.0016+0.0006
facny | 1.6000:0.0141£0.0091 | rgen, | 2.0688:0.0394:0.0124
£V | 0.7172+0.0025+0.0035 | f.*(0)|V., | 0.1435+0.0018:+0.0009
Series.2.Par "
I -2.2278+0.0864+0.0575 I, -2.0365+0.0807+0.0260
£(0)[V..| | 0.7196+0.0035+0.0041 | f*(0)|V_,| | 0.1420+0.0024+0.0010
Series.3.Par I -2.3331+0.1587+0.0804 I -1.8434+0.2212+0.0690
ry 3.4223+3.9090+2.4092 r, -1.3871+1.4615+0.4677




charm semileptonic decay

~ 100 ~ 6
cﬁ = Simple pole NU — Simple pole
2 80 - Modified pole 2 Modified pole
-ISD =1 = |SGW2 p = 1w |SGW2
g 60 — = Series.2.Par g 4 m—— Series.2.Par
NU' = = Series.3.Par w; \ = = Series.3.Par
S 40 - 0 5 i A\

: -ot 2 O -

0 ] D"2>Ke'v ] Biomety
0 . T T T T T T y A L‘:;\-x | T T T 1 T
0 0.5 1 1.5 2 v 1 2 3
q? (GeV?/c?) Al ’x,:\ q? (Ge\fzfcﬁ

low @° region accessible to lattice computations = CKM can be
determined by computing form factors at zero momentum

experimental precision increasing, parametrisation dependence of
experimental result for g°=0 relevant: need to start worrying about g’

dependence (which provides a stronger SM test anyway!)




FLAG-2 on charm semileptonic decay

Dn DK
FLAG 2013 f+ (O) f+ (O)
T u our average for N,=2+1 |l
AN
Il
rd
—#&—+ HPQCD 11/10B —
" FNAL/MILC 04 !

055 0.65 0.75 0.65 0.70 0.75 0.80
£7(0) 27(0)
2+1 0.666(29) 0.747(19)

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]



new results for

[FNAL/MILC arXiv:1411.1651]

[T Primer, Thu 11:40]
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[+ preliminary work by JLQCD, cf. T Suzuki’s talk]

charm SL form factors

[P Lami, Wed 14:20]
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Ne=2+1

=2

N¢

non—Ilattice

‘ Vcd

y ‘VCS

2013 | Ved! IVl
i our average for Ny=2+1 HilH
—+-— HPQCD 12A/10A i
- — FNAL/MILC 11 +——
A4— HPQCD 11/10B i
] our average for Ny =2 —
B—— ETM 13B i
——&—— neutrino scattering
[ CKM unitarity [
0.20 0.22 0.24 0.95 1.05

2nd row CKM unitarity

Vea|” + [Ves|* + [V |> — 1 = 0.04(6)

averaged leptonic (more precise) and semileptonic determinations



Ne=2+1+1

N¢ =241

=2

N¢

non—Ilattice

‘ Vcd

2nd row CKM unitarity

y ‘VCS

|Vcd| |VCS|
—{ ETM 14 H
—H FNAL/MILC 14 HH
B our average for N, =241 HEH
—+m-++— HPQCD 12A/10A = =
- — FNAL/MILC 11 T 2 2 2
Ll wpoco 1108 Veal? + Voo |2 + \%| — 1 = 0.04(6)
B our average for Ns =2 N
Bm—{ ETM 13B ——
——&—— neutrino scattering
® CKM unitarity o
0.20 0.22 0.24 0.95 1.05

precise semileptonic determination will be interesting, sensitivity to
| Veb| around the corner



B semileptonic decay: |V,

dl'(Bs) = Plv)  GE|Vo|” (¢° —ml \/E2 Ly 2 (F% —
3m?

2 2

POl Baw) = 1) (pi+ 1, = 270 0,) + fo?) 22z




B semileptonic decay: |V,

dT'(B(sy = Plv)  G2Z|V,|? (¢* —m}) \/EQ
dg? 2473 q* mB< |

e,lL suppressed

uncertainties from kinematical factors / neglected h.o. OPE at the
permille level



B semileptonic decay: |V,

dI'(B — Dly;)  G?
dw 4873

dI'(B — D*lv G?
( ) =Bt (s — Y2 = )Y ) [V [ F )+ 0 (L
dw 47

m2
(mp 4+ mp)*(w? — 1)3/2|77EW|2 Vol lGw)]* + O (_ZZ)

mp

__ PBPp mp 2
W = w) = etc
— G(w) 11 mo f+(q)




Vcb ‘

B semileptonic decay:

dF(B — DlVl) B G]LQT
dw 4873

dI'(B — D*lv G?
B L) _ G (g — e (w0 = 1) e ) [V |F) 4 O (q_2>

m2
(mp 4+ mp)*(w? — 1)3/2|77EW|2 Vol lGw)]* + O (_21>

low recoil region accessible to lattice computations = CKM can be
determined by computing form factors at w=1

shape information relevant as precision increases



B semileptonic decay: |V,

B(B — DY ry,) SINPEN
M”%:mg%mww




B semileptonic decay:

Vcb ‘

ALEPH

o

2.15+£0.18 £ 0.45

CLEO
2.19+0.16 £0.35

BELLE

208+0.12+0.52

BABAR global fit
216 +0.03+0.13

BABAR tagged
2.14+£0.11+0.08

Average
2.13+0.03+0.09

‘ PDG 2014 \

¥?/dof = 0.5/ 8 (CL = 100.00 %)

1.5

2

2.5
BB’ — D 1v) [%]



B semileptonic decay

ALEPH
535+0.25+0.31
CLEO

5.62+0.18 £0.26
OPAL excl
505+0.19+042
OPAL partial reco
546 +025+0.52
DELPHI partial reco
488 £0.13+0.72
DELPHI excl
535+0.20 = 0.37
BELLE

456 +0.03+0.26
BABAR excl

454 £0.04 £0.25
BABAR D*0
497+0.07+0.34
BABAR global fit
495+0.02+0.20
Average
493+x001+0.11

¥?/dof = 30.0/23 (CL = 15.00 %)

>

>

>

! ‘ PDG 2014 \

3

4 5 6 7

BB’ = D" 1" v) [%]

CLEO

6.60 +0.20 = 0.39

BABAR tagged

574 +0.15+0.30

BABAR untagged

536 +0.08 +0.40

BABAR global fit

542 +0.02+0.21

Average

5.69+002=+0.19

m ¥2/dof = 9.0/ 3 (CL = 2.94 %)
PDG 2014 ;

4

5 K 7
BB*— D 1'v)[%]



R(D™)), new measurements of B — D*7v

[pre-2015, arXiv:1303.0571]

Belle 2007 — .
BABAR 2008 : N H H—e——
Belle 2009 H o H — o
Belle 2010 H—t o—1+ ——o
BABAR 2012 H—o—H H—e-TH
| T | T T B TR SR S B RS PR R T | |
0.2 04 0.6 0.8 0.3 04 05 0.6
R(D) R(D")
Belle 2010 |
657x10° BB . .
(Inclusive Tag) |
BaBar 2012 (Full)
471x10° BB |: .
(Hadronic Tag) 1
Belle 2015
772x10° BB + .
(Hadronic Tag) |
[Ciezarek/Kuhr, FPCP 2015] LHCbRMHPﬁmanYEE
[LHCb, arXiv:1506.08614] oy *
s T T TR [P S BN BT A
[Belle, arXiv:1507.03233] 01 015 02 025 03 035 04 045

Standard Model R(D*)
(Fajfer et al 2012)



Observables Belle Belle 11 L
(2014) 5ab~! 50 ab~! [ab™!]
sin 23 0.667 & 0.023 + 0.012 £0.012 +0.008 6
! +2°  41°
v +14° +6°  £1.5°
S(B — ¢K") 0.9075-%9 +0.053 +0.018 >50
S(B — n'K°) 0.68 +0.07 £0.03 =£0.028 40.011 >50
S(B — KAKIKY) 0.30 £ 0.32+0.08 +£0.100 +0.033 44
|Vep| incl. +2.4% +1.0% <1
|Vip| excl. +3.6% +1.8% +1.4% <1
|Vis| incl. +6.5% +3.4% +3.0% 2
|Vup| excl. (had. tag.) +10.8% +4.7% +£2.4% 20
|Vup| excl. (untag.) +9.4% +4.2% +22% 3
B(B — 1v) [1079] 96 + 26 +10% £5% 46
B(B — uv) [1079] < 1.7 50 >>bo >50
‘Rh?—»DTm +16.5% T5.60% +3.4% 4 \
R(B — D*1v) 49.0% +3.2% +2.1% 3
B(B — K*Tvp) [107°] < 40 +30%  >50
B(B — K*vp) [1079] < 55 +30% >50
B(B — X4v) [1079] +13% +7% +6% <1
Acp(B — X7) +0.01 40.005 8
S(B — K2n%) —0.104+0.31 +0.07 40.11 +0.035 > 50
S(B — pv) —0.83+0.654+0.18 40.23 40.07 > 50
C7/Cy (B — X 00) ~20% 10% 5%
B(Bs; — ) [1079] < 8.7 +0.3
B(Bs — 7777) [1073] <2

[ BELLE2-NOTE-PH-2015-002,

Belle |l projections

Observables Belle Belle 11 L
(2014) 5ab~! 50 ab™1  [ab™!]
B(Dy — uv) 5.31 x 1073(1 4+ 0.053 £0.038)  +2.9%  +(0.9%-1.3%) > 50
B(Ds — 1) 5.70 x 1073(1 4 0.037 £ 0.054) +(3.5%-4.3%) +£(2.3%-3.6%) 3-5
yop [1072] 1.114+0.22 +0.11 +(0.11-0.13)  £(0.05-0.08)  5-8
Ar [1072] —0.03 £ 0.20 £ 0.08 +0.10 +(0.03-0.05) 7-9
AELET (1072 —0.32 4 0.21 4 0.09 +0.11 +0.06 15
AL 1072 0.55 + 0.36 + 0.09 +0.17 +0.06  >50
ALY 1072 + 5.6 +2.5 +0.8 > 50
afsm T [1072] 0.56 £ 0.19 & o3 +0.14 +0.11 3
yKsm ™ [1072] 0.30 £ 0.15 £ 002 +0.08 +£0.05 15
lq/p|fs™ ™ 0.90 + 078 + 008 +0.10 +0.07 5-6
PpRsmrm 1] —6+11+; +6 +4 10
AL [1072] —0.03 £ 0.64 + 0.10 +0.29 +0.09 > 50
ABS™ 11072 ~0.10 £ 0.16 + 0.09 +0.08 4003 >50
Br(DY — ) [1079] <15 +30% +25% 2
7 — wy [1079] < 45 < 14.7 < 4.7
T — ey [107Y] < 120 < 39 <12
T — ppp [1079] < 21.0 < 3.0 <0.3

retrieved from B2TiP]



FLAG-2 on B — D™y

$ 3
g o §
¢ & & §
S &5, & F
@ é,*( Q Q X o
s § 58 F s
Y §F §F S ¥ o>
$ § s § 4
s §F & & 9 &
Collaboration Ref. Ny g & F F & 3 form factor
FNAL/MILC 13B[446] 2+1 C° * O * O v  FB2P7(1) 0.906(4)(12)
FNAL/MILC 10 [443] 2+1 C* % O *« o v  FB=P7(1) 0.9017(51)(87)(83)(89)(30)(33) *
FNAL/MILC 08 [444] 241 A * O K& O v FB=ZP7(1)  0.921(13)(8)(8)(14)(6)(3)(4)
FNAL/MILC 13B[446] 241 C & O * o v GB?Pa)  1.081(25)
FNAL/MILC 04A[445] 241 C ® ® o* of v gGB=P(1)  1.074(18)(16)
FNAL/MILC 12A[452] 241 A O O * o R(D) 0.316(12)(7)
Atoui 13 [448] 2 P * *x *x — v  GBFP(1)  1.033(95)
Atoui 13 [448] 2 P * Kk x — / GPB7Pa1) 1.052(46)

v Update of FNAL/MILC 08 for Lattice 2013.

5 Update of FNAL/MILC 08 for CKM 2010.

* Value of F(1) presented in Ref. [443] includes 0.7% correction nzw . This correction is unrelated to the
lattice calculation and has been removed here.

* No explicit estimate of F'V error, but expected to be small.

T No explicit estimate of perturbative truncation error in vector current renormalization factor, but expected
to be small because of mostly-nonperturbative approach.

[FLAG 2013,

Eur J Phys C74

(2014) 2890,

arXiv:1310.8555v2]



FLAG-2 on B — D™y

—>D*
ooz o (D

= our average for Ny =2+1

FNAL/MILC 13B

2+1
[ |

Ne¢

FNAL/MILC 10

L]

| : M : . FNAL/MILC 08

0.875 0.900 0.925 0.950

gB—)D(l) ng—>Ds(1) fB—>D*(1) R(D)

_ 0.906(4)(12) 0.316(12)(7)




form factor

[ FNAL/MILC]

1.4 ;
1.3 ¢

1.2

.1+
1L

0.9

0.8 t
0.7
0.6 F
0.0 b

new results for B — Dlv

[HPQCD]

|
0 0.01 0.02

0.04 0.06

Z

- w — V2

—w+\/§

Whaee € [1.00,1.16]
2aes € [0.00,0.02]

0.6_ | | | | | | | | | | | |

| |
0.03 0.04 0.05 0.06
Z

Wer, € [1.00, 1.58]

2 € [0.00,0.06]

|
0.07



form factor

new results for B — Dlv

[ FNAL/MILC ]

1.4 ;
1.3 ¢

1.2

.1+
1 L

0.9

0.8 F
0.7
0.6 F
0.0 b

form factor

0 0.02 0.04 0.06

1.2

L.1 ¢t

0.0 b

" This work
de Divitiis 2007

0.02 0.04 0.06

comparison with quenched results

[De Divitiis, Molinaro, Petronzio,

Tantalo PLB 655 (2007) 45]



form factor

[ FNAL/MILC]

new results for B — Dlv

1.4 -
1.3 |
1.2
1.1}

1 B
0.9
0.8 |
0.7 |
0.6 |
0.5

[HPQCD]

N \\w—\*\-'\— TTTT

< BaBar 2010

__________

BaBar 2009 =
p = 0.40

Vo] = 39.6(1.7) gonrexn (0.2)qup x 1077

q" [GeV’]

| | | | | | I_
10 11 12 13

V.p| = 40.2(17)(13) x 1073



new results for B — Dlv

[ FNAL/MILC ] [HPQCD ]

1.4
1.3 |
1.2
1.1}
1 L
0.9
0.8 |
0.7 |

| | | |
O 5 | | | | 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

0 0.02 0.04 0.06

Z

R(D) = f;((g : gZ)) — 0.299(11) 0.300(8)

form factor




status of R(D)

Belle 2007

BABAR 2008 | o -

Belle 2009 a o

Belle 2010 H—®
FNAL/MILC O
BABAR 2012 T o—
HPQCD L. . @ .

—o—

! ! L1 I R ] R
0.8 03 04 05

R(D™)

0.6

n.b.: Belle Il expected to decrease error by factor of 3 at 5/ab, and a

factor 5 at 50/ab



B semileptonic decay: |V,

dI'(B(s) — Pl 2 s — 2 2
(B(s) V) _ _ GE[Vi (¢° —my}) \/E 1+ﬁ m?% (E% —
dg? 2473 q* mB< | 2q? (s)
3m?

2 2

POl Baw) = 1) (pi+ 1, = 270 0,) + fo?) 22z




B semileptonic decay: |V,

BABAR had. tag: B* — 7’1" v x 2 7//7,

1.52 + 041 +0.30 ®
BELLE had. tag: B* — ai’I" v x 2 1/, Z
148 +0.15 = 0.08 ~—9—
BABAR sl. tag: B* = 7’1" v x 2 T /7,
178 £0.28 =0.15 A
BELLE sl. tag: B* — a’ 1" v x 2 T/,
141026 =0.15 "
BABAR had. tag: B = 7' 1" v
107 £0.27 +0.19 1
BELLE had. tag: B = «' 1" v .
1.49 +0.09 = 0.07 i
BABAR sl. tag: B” — w1 v
138 021 +0.08 —a

BELLE sl. tag: B’ — 7 I* v 5
141+0.19 £0.15 ol
CLEO untagged: B — w1l v
138 +0.15 = 0.11 -
BABAR untagged (6 q* bins): B — w1 v :
1412005 +0.08 e
*
*
o

BABAR untagged (12 q* bins): B — w1 v
144 £0.04 £0.06

BELLE untagged: B’ — w1 v
148 +0.04 £0.07

Average: B — w1t v

145 +0.02 £0.04

¥?/dof =3.4/11 (CL = 98.00 %)

PDG 2014
| |

| | | | | | | | il |

-2 0 2
BB’ — w1 v) [x 1074




Belle |l projections

Observables Belle Belle 11 Ly Observables Belle Belle II Ly
(2014) 5ab~! 50 ab~! [ab™!] (2014) 5ab”! 50 ab™t  [ab”]

sin 23 0667+ 0.023 + 0.012 £0.012 +0.008 6 B(Ds — pv) 5.31 x 1073(1 £ 0.053 £ 0.038)  £2.9%  +(0.9%-1.3%) > 50

o 190 110 B(Ds — 1v) 5.70 x 1073(1 £ 0.037 + 0.054) +(3.5%-4.3%) +(2.3%-3.6%) 3-5

o o o yop [1072] 1.1140.22 +0.11 +(0.11-0.13)  +(0.05-0.08)  5-8
;(B-—>¢Kﬁ) QSE?%?B j;§i53 ;;238 50 Aiiﬁyﬂ] , —0.03 4 0.20 £ 0.08 4+0.10 +(0.03-0.05) 7-9
o : AELET (1072 —0.32 4+ 0.21 £ 0.09 +0.11 +0.06 15

S(B — 1K) 0.68 £0.07 £0.03 +£0.028 £0.011 >50 AT 11072 0.55 4 0.36 - 0.09 017 L 006 =50

S(B — KYKIKY) 0.30 +0.324+0.08 +£0.100 +0.033 44 A%, 1072 156 Lok 10.8 < 50

|Vep| incl. +2.4% +1.0% <1 gKsm T 11072 0.56 + 0.19 + 097 +0.14 +0.11 3

|Vep| excl. +3.6% +1.8% +14% <1 yKsm ™ [1072] 0.30 £ 0.15 £ oo +£0.08 +£0.05 15

|Vaup| incl. +6.5% +3.4% +3.0% 2 lq/p|fs™ ™ 0.90 £ 019 £ 008 +0.10 +0.07 5-6

V| excl. (had. tag.) +10.8% +4.7% +£2.4% 20 prs™ 0] —6+11+ +6 +4 10

V| excl. (untag.) +9.4% 142% 4+22% 3 Aé?iﬂo—ﬂ —0.03 +0.64 4 0.10 +0.29 +0.09  >50

B(B — tv) [1079] 96 + 26 +10% +5% 46 Ag}%ﬂ [1072] —0.10 £ 0.16 £ 0.09 +0.08 +0.03 > 50

B(B — ) [1079] < 1.7 55 >>50 S50 Br(D° — ~vv) [107°] <15 +30% +25% 2

R(B — Drv) +16.5% +5.6% +3.4% 4 T py 107 <45 <IT <47

R(B — D*rv) +9.0% +32% +21% 3 e [0 < 120 <8 <l

B(B — K*tuw) [1079] < 40 +30% >50 T pap [107] <210 <30 <09

B(B — K*vp) [1079] < 55 +30% >50

B(B — X4v) [1079] +13% +7% +6% <1

Acp(B — X7) +0.01 40.005 8

S(B — K2n%) —0.104+0.31 +0.07 40.11 +0.035 > 50

S(B — pv) —0.83+0.65+0.18 4023 +0.07 > 50

C7/Cy (B — X, L0) ~20% 10% 5%

B(Bs; — ) [1079] < 8.7 +0.3

B(Bs — 7777) [1073] <2

[ BELLE2-NOTE-PH-2015-002, retrieved from B2TiP]



B semileptonic decay:

~ X1 O 6| | I | | | | I | | I | ' | I I | I | I | I l |
N> : A Belle untagged :
8 12 B P — 30A) V Belle tagged ]
Nv B @ BaBar untagged (6 bins) |
Z- 10 —y— M BaBar untagged (12 bins) |
E B [ ——— BCL fit (3 par.) |
< 8 I 1 - _
: kﬂ n._.,‘=. ]
a N -
T &
2 N\
O B | | | | | | | | | | | | | | | | | | | | | | | | | ;
0 5 10 15~_20 25
[ HFAG ] o (GeVz)

Vubl

easily accessible kinematics on
the lattice (not-too-fast pions)

large phase space = accurate description of g° dependence over a

significant region crucial for a precise CKM determination
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FLAG-2 on B — 7lv
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o
in

03— | ® FNAL/MILC 08A ]
m HPQCD 06
- | — 3-parameter BCL fit .

0.2 I | ' | ' | l | | | |

-0.2 -0.1 0 0.1 0.2
2
2 J Z(q’IOPf)
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[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]
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FLAG-2 on B — 7lv

mGI2013| T T T T T 0.8
-3
- Vup| = 3.37(21) x 10 . 0.7
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- N 205
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(2014) 2890, arXiv:1310.8555v2]



(1' qz/mé*)f; and ﬁ)

(1' q2/m129*)f+ and fO

new results for B — nlv

0.9 | | . .
12 -_l I B B e e e e e L L AL R B |_- This Work
: 4 : RBC/UKQCD 2015 &
- A fo ] 08 |  Fermilab/MILC 2008 ~—c—
ok e £ B ] HPQCD 2006 ~—4—
: 1 BCL z-fit (K=2) :
08 [ = BCLzfit (K=3) - S 077
. - +
: 5 “a 06
0.6 - . é? .
: ] o
04 [ = = 05 H%%% %
02 [ . 0.4 4 % %
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AB(q?) / Ng® X 10° [GeV?]

new results for B — nlv

[RBC/UKQCD] [ FNAL/MILC]
LI L [N AL RNLEL L IR AL R BB AL B | | |
I r=+ BABAR 2010 (untagged) 20 .
1o L +a BELLE 2013 B° (tagged) - BaBar untagged 6 bins (2011)
T 1 BELLE 2013 B- (tagged) | Belle untagged 13 bins (201 1) °
10 L| . —+o4 BELLE 2010 (untagged) _ & 15 | BaBar untagged 12 bins (2012) —°—1 |
i +@+ This work | E Belle tagged BP 13 bins (2013) =
8 |- t T3 |l = Belle tagged B" 7 bins (2013)
| =L o8 __l 1 = T Lat.+all expt. combined N,=4 fit EEEE
6 s % X | 4 > 107 —_— B
R S S s o e -: l |
I - I g 1 S & =51 5 = o T
4 - Fa— el 7 S s 1 A A
2\ 5 _I A—] %ﬁ( = ‘ | e - |
2 , - o | 1 A == N |
x</dof =1.32, p=7% T =i L - _
_ | — =
0 IR S S SR SR S N U T S S S SRS SR A NS T Ny | | | |
0 5 10 15 20 25 30 0
0 5 10 15 20 25
7 [GeV?]
q2

V| = 3.61(32) x 1073 V| = 3.72(16) x 1073
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105 d'B/dg? (B,—~Kuv) [GeV~]

10° dB/dg? (B,~Ktv) [GeV?]

[RBC/UKQCD ]
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Vsl and |Vep| from SL baryon decay

new exclusive determination of |V |/|Vus| from LHCb measurement +
LQCD computation of form factors

Kenneth G. Wilson Award for Excellence in Lattice "o% 1
Field Theory 2015: S Meinel -

sii




'Vup| and |V| from SL baryon decay

helicity-based parametrisation: [Feldmann, vip PRD 85 (2012) 014035]

(X, sa" bl (p, ) = ux (v M (ms, = mx) %
Hf ( 2) Abs—l_mX (pu —I—p”’b—(mQ 2 C.I”)

(X (@, 8)|[@v"vs bl Ap(p, s)) =




V| and |Vy| from SL baryon decay

[Detmold, Lehner, Meitnel arXiv:1503.01421]
[cf. Detmold, Lin, Meitnel, Wingate PRD 88 (2013) 014512]

|h§4c14 4 C24 C54  wHF23 +WHF43 HFE3
T

a=0, my —134.8 MeV ‘

T J+(8 = p)
ensembles RBC/UKQCD
Nt 2+1 . | | | | | | |
a (fm) 2/0.085, 0.111 ' ‘ ' ‘ . 4 . |
M= [MeV] 320 (sea) / 230 (val) |
M= L 4.3 (sea) / 3.1 (val)
| quarks DWF
b quark RHQ | l l l l l l l

@/ Grax



(ps~! GeV™?)

dr/d¢?
|Vub|2

V| and |Vy| from SL baryon decay

[Detmold, Lehner, Meitnel arXiv:1503.01421]
[cf. Detmold, Lin, Meitnel, Wingate PRD 88 (2013) 014512]
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V| and |Vy| from SL baryon decay

[LHCb arXiv:1504.01568]
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plan

e methods: where we stand (brief!)

- ensembles used in HQ physics, reach
- HQ approaches

e brief overview of
- leptonic charm and B decay
- B mixing

e charm and B semileptonic decays (+ CKM 2nd and 3rd rows)
e the % precision target

e conclusions and outlook



the % semileptonic precision target

e in order to achieve few % precision there are common issues with
other quantities ...

- limitations of HQ approaches

- (related:) reliance on perturbation theory
- mixed-action aspects

- correct treatment of resonances

- QED (also inclusive determinations), isospin, OPE corrections

e ... and some specific questions
- contamination from excited states
- matching of currents / four-quark operators
- chiPT for form factors

- momentum dependence of form factors



g°> dependence of form factors

N 6
—— Simple pole ™ 7] — Simple pole
— Modified pole 3 - :m?fl.-e:o plole
: =1 o= [SGW2 ‘IED =1 e |SGW2
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a benchmark case: f. (B — nlv)

various parametrisations based on pole dominance: Becirevi¢-Kaidalov,
Ball-Zwicky, Hill, ... difficult to systematically improve precision

[Be¢irevié¢, Kaidalov PLB 478 (2000) 417]
[Ball, Zwicky PRD 71 (2005) 014015]
[Hill PRD 73 (2006) 014012]

z-parametrisations proposed to solve this issue (almost) rigourously by
exploiting unitarity and crossing symmetry

[Okubo PRD 3 (1971) 2807, 4 (1971) 725]

[ Bourrely, Machet, de Rafael NPB 189 (1981) 157]

[Boyd, Grinstein, Lebed PRL 74 (1995) 4603]

[Lellouch NPB 479 (1996) 353]

[Bourrely, Caprini, Micu EJPC 27 (2003) 439]

[Arnesen, Grinstein, Rothstein, Stewart PRL 95 (2005) 071802]
[Becher, Hill PLB 633 (2006) 61]

[Flynn, Nieves PRD 75 (2007) 013008]

[Bourrely, Caprini, Lellouch PRD 79 (2009) 013008]



a benchmark case: f. (B — nlv)

Z:\/t+—q2—\/t+—t0 2\ _ 1 2 4 yn
\/t+_q2‘|‘\/t_|_—t0 i f+(q ) B(q2)¢(q27t0) nz>0anz(q 9 O)

ty = (mB -+ mﬁ)z, to < 4+ Unitarity bound: Z B(¢) 7 A Ay <1



a benchmark case: f. (B — nlv)

f+(q%) = T Zan 2(¢%, )" B(q*) = z(¢*, m3-)

BGL: complicated outer function ¢ — » |a,|* <1

n>0
1 n
BCL: f+(q2) — 1 — q2/m2 Z An < — Z Bmnaman, 5 1
B n>0 m,n>0

(recommended by FLAG)

crucial for optimal use:

- all sub-threshold poles included in Blaschke factor

- fixed kinematics (coefficients implicitly depend on quark masses)



does the unitarity bound apply?

® using a z-parametrisation as part of a global fit including a, mq, ...
(modified z-expansion) tricky

- poles can cross threshold as quark masses change

- complicated entanglement of (mq,a) dependence (complete form
factor vs. z-parametrisation coefficient)

e pole structure not always well-known (scalar channels, D decay),
or complicated (/A decay)

e missing sub-threshold poles may imply convergence breakdown
(proton charge radius analysis by Hill, Paz et al, D semileptonic

decay data by Becirevi¢ et al)
[Hill, Paz PRD 82 (2010) 113005]

[Bhattacharya, Hill, Paz PRD 84 (2011) 073006]
[Epstein, Paz, Roy PRD 90 (2014) 074027]

[cf talk by J Zanotti]

[Be¢irevi¢ et al arXiv:1407.1019]



Is your z-parametrisation well-behaved?

convergence properties can actually be tested
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matching/renormalisation

perturbative convergence known to be poor at b scale

CPS(AE/M):' | | | | | | | T | T | | |: _IIII|IIII|IIIIIIIIIIII_
14  ----- 1-loop ¥+ = 4
_ \\\ —— 2-loop 7 1 11 | s=1 _
1.3 F\ “~-__ —— 3-loop 7 i _
1.23— - 1.05 — /—:
1.1 [ . i i
- = 1
I T N T TR NN TN TR NN T NN SO R S N oo bvre bvrea bvraa b ol
0 0.05 0.1  Ag/M 0 0.1 0.2 0.3 0.4 0.5

e.g. systematics due to using perturbative running in HQET may well
be O(4%) for B decay constant

extensive one-loop input for matchings/renormalisation needed in
RHQ actions and operators (even tree-level, e.g. B—D transition
amplitudes at non-zero recoil)



matching/renormalisation

non-perturbative current normalisations for RHQ actions significantly
large, huge cutoff dependence; expected effect of RG trajectory

tuning?
1.370 1.195 . . . ,
I 0~ 011 fm - I o ~ 0.085 fm =
N O1360F Ta - & OLI8s| =g T -
1.355 | | 1.180 | |
1.350 | | | 1.175 | | | |
0 5 10 15 20 0 5 10 15 20
t'/a t'/a
Parameter coarse ﬁne

Z8P10.037(34)  5.270(13)
Z9 1.35725(23)  1.18321(14)
ZH0.71651(46)  0.74475(12)




1.3

matching /renormalisation
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chiPT for SL form factors

e issues in fitting FF light quark mass dependence:
- how reliable HQchiPT is?
- uncertainties from gy g p

- explored range in momentum transfer goes well beyond slow pion
kinematics

e extension of chiPT to hard pions being rapidly incorporated into
analyses

e recent efforts aimed at improving precision on g+ p

i

[A Gérardin, Fri 17:30]

o (HQchiPT systematic dependence should become less relevant as
physical pion points enter analyses — H Leutwyler allowing)

L

[cf. A Juttner’s talk]
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conclusions and outlook

e HQ physics making great progress, remarkably in semileptonics

e still much way to go to meet the new era precision requirements
- crosscheck HQ approaches as much as possible
- full incorporation of available ensembles to HQ physics
- many systematics to be improved: use of perturbation theory,
momentum dependence of FFs, incorporation of QED effects,
resonances ...

e decrease the lattice spacing and get direct access to the b region

e FLAG-3 review foreseen for early 2016: keep tuned
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Flavour Lattice Averaging Group

advisory board: S Aoki, C Bernard, C Sachrajda
editorial board: G Colangelo, H Leutwyler, A Vladikas, U Wenger

working groups:

quark masses T Blum, L Lellouch, V Lubicz
Vud s Vus A Juttner, T Kaneko, S Simula
LECs S Diirr, H Fukaya, S Necco
By J Laiho, S Sharpe, H Wittig
Qg R Horsley, T Onogi, R Sommer
/p,, /B, BB, Y Aoki, M Della Morte, A El-Khadra
SL, rare E Lunghi, CP, R Van de Water

FLAG-2 review published in 2014, includes results up to = end 2013




FLAG-3

AB: S Aoki, C Bernard, H Leutwyler, C Sachrajda
EB: G Colangelo, S Hashimoto, A Jittner, S Sharpe, A Vladikas, U Wenger
WGs:

quark masses (+HQ) T Blum, L Lellouch, V Lubicz
Viud s Vus P Boyle, T Kaneko, S Simula
LECs S Diirr, H Fukaya, U Heller
B (+BSM) P Dimopoulos, R Mawhinney, H Wittig
Qg R Horsley, T Onogi, R Sommer
fp,, fB,» BB, Y Aoki, D Lin, M Della Morte
SL, rare D Becirevi¢, S Gottlieb, E Lunghi, CP

expected publication early 2016, no preliminary averages yet :-(




bounds on neutron EDM
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bounds on charged lepton flavour violation

LFV not present in the SM for m,#0, no reason to impose it
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c and b quark masses

almost no new results after F Sanfilippo’'s review at Lattice 2014

m.(m.)
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‘—_I— —1 ETM 14b
o~ } | ETM 14a

Il
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see also talk on JLQCD results from moments method

[K Nakayama, Wed 16:50]
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FLAG-2 on charm decay constants

&
§ S
NN F &
g 8s FF
S ,é'b’ 15 < QO
§&$ o 85
Ss £§FF
S
FFN SN
NS DL § L
FSEFTFFE
Collaboration Ref. Ny I & T &~ fp fp. fo./fp
ETM 13F [154] 24141 C O O O *  202(8) 242(8) 1.199(25)
FNAL/MILC 13V [328] 2+1+1 C * Kk K K / 212.3(0.3)(1.0) 248.7(0.2)(1.0) 1.1714(10)(25)
FNAL/MILC 12B [329] 2+1+1 C * & Kk K  209.2(3.0)(3.6) 246.4(0.5)(3.6) 1.175(16)(11)
HPQCD 12A [330] 241 A O O & K v 208.3(1.0)(3.3) 246.0(0.7)(3.5) 1.187(4)(12)
FNAL/MILC 11 [331] 241 A O O & O  2189(11.3) 260.1(10.8) 1.188(25)
PACS-CS 11 [332] 241 A W & H O v 226(6)(1)(5)  257(2)(1)(5)  1.14(3)
HPQCD 10A [94] 241 A K& O K K / 213(4)* 248.0(2.5)
HPQCD/UKQCD 07 [164] 241 A & O & Kk  207(4) 241 (3) 1.164(11)
FNAL/MILC 05 333] 241 A O O * O v 201(3)(17) 249(3)(16) 1.24(1)(7)
ETM 13B" [334] 2 P & O & & v 208(7) 250(7) 1.20(2)
ETM 11A [335] 2 A Kk O K Kk / 212(8) 248(6) 1.17(5)
ETM 09 [168] 2 A O O K& & V 197(9) 244(8) 1.24(3)

V Update of FNAL/MILC 12B.
* This result is obtained by using the central value for fp_/fp from HPQCD/UKQCD 07 and increasing the
error to account for the effects from the change in the physical value of 7.

5 Update of ETM 11A and ETM 09.

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]



new results for fp

TWQCD  ETMC phys xQCD FNAL/MILC ETMC
fp [MeV]  202.3(2.2)(2.6) 216.7(2.3)(4.2) _ 212.6(0.4)(1}7)  209.2(3.3)
fo. [MeV] 258.7(1.1)(2.9) 255.9(0.5)(5.0)  254(2)(4)  249.0(0.3)(T*)  248.6(2.7)
fo./fD 1.279(26) 1.206(23) _ 1.1712(10)(*%)  1.187(12)
ensembles TWQCD ETMC RBC/UKQCD MILC ETMC
Ny 2 2 2+1 2+1+1 2+1+1
a (fm) 1/0.06 1/0.09  2/0.085,0.111 4/0.06 — 0.15 3/0.062 — 0.089
M= [MeV] 259 132 320 130 210
M@n 2 3.0 4.3 3.2 3.1
sea DW tmQCD DW HISQ tmQCD
valence DW tmQCD/QOS overlap HISQ tmQCD/QOS

reference

+ report of work in progress by RBC/UKQCD [T Tsang, Thu 10:40] [IE

E



FLAG-2 on B decay constants

S 58
& o s &
S8 §
N S O 5
IS F
S § 55 Y 9
F§F§EFF S
&y < & a
S FFF &s
Collaboration Ref. Ny § &Y S &S fa+ fro fB fB.
ETM 13E [398] 2+1+1 C O O O O ¢ = — 196(9) 235(9)
HPQCD 13 [399] 2+1+1 A & K kb O / 184(4) 188(4) 186(4) 224(5)
RBC/UKQCD 13A  [400] 2+1 C O O % o ¢ -— — 191(6)%ac 233(5) &t
HPQCD 12 [401] 2+1 A 0O 0 % o V - — 191(9) 228(10)
HPQCD 12 [401] 2+1 A 0 0 % o Vv - — 189(4)>  —
HPQCD 11A [365] 2+1 A *x O % *x ¢V — — - 225(4)Y
FNAL/MILC 11 [331] 2+1 A O O K% O vV 1979 - - 242(10)
HPQCD 09 [402] 2+1 A 0 0 % o V - — 190(13)*  231(15)°
ALPHA 13 [403] 2 C % % % *x ¢ - — 187(12)(2) 224(13)
ETM 13B, 13C  [334, 404] 2 Pf % 0 * o V - — 189(8) 228(8)
ALPHA 12A [369] 2 C % % % *x ¢ — — 193(9)(4)  219(12)
ETM 12B [392] 2 C * O * 0 Vv - — 197(10) 234(6)
ALPHA 11 [364] 2 C *x 0 % *x ¢ — — 174(11)(2) —
ETM 11A [335] 2 A O O % o Vv - — 195(12) 232(10)
ETM 09D [391] 2 A o o o o Vv - — 194(16) 235(12)

®Statistical errors only.
“Obtained by combining fz, from HPQCD 11A with f5, / fB calculated in this work.

V'This result uses one ensemble per lattice spacing with light to strange sea-quark mass ratio mg /ms =~ 0.2.
*This result uses an old determination of 1 = 0.321(5) fm from Ref. [379] that has since been superseded.

TUpdate of ETM 11A and 12B.

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]



new results for fp,

ALPHA (def) RBC/UKQCD RBC/UKQCDstat ETMC
f5 [MeV] 186(13) 196(15)/200(13)* 219(31) 194(5)(3)
fB. [MeV] 224(14) 235(12) 264(37) 229(4)(3)
fB./fB 1.203(65)  1.223(71)/1.197(50)*  1.193(48) 1.179(18)(18)
ensembles CLS RBC/UKQCD RBC/UKQCD ETMC
Nt 2 241 2+1 24+1+1
a (fm) 3/0.0483 — 0.0749  2/0.085, 0.111 2/0.085, 0.111  3/0.062 — 0.089
M= [MeV] 190 289 289 210
Mmn 4.0 4.0 4.0 3.1
[ quarks NP O(a) improved DW DW tmQCD
b quark npHQET RHQ (Columbia) static tmQCD/OS
reference

* fp+/fBo

+ report of work in progress by RBC/UKQCD, FNAL/MILC [T Ishikawa, Thu 8:30] [jEg
[C DeTar, Thu 8:50] ===



now pub

N =2+1

Nf =

FLAG-2 on B-mixing
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< L
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$ 88 NS
\)‘B’ b '8/ o ‘é/
% é,%' Q 2 o
S S §F.F S
O S & SRS
¥ §8 &8
&3 @ § o
IS S~ Jog - ~ ~ ~
Collaboration Ref. Ny &Y & &8¢ fBy\/ BBy fBy\/ BB, BB, Bg,
FNAL/MILC 11A  [411] 241 C 250(23)1  291(18)1 — -
HPQCD 09 [402] 241 A v 216(15)* 266(18)* 1.27(10)* 1.33(6)*
HPQCD 06A [412] 241 A W W - 281(21)  — 1.17(17)
lished &M 13B 334] 2 P 216(6)(8) 262(6)(8) 1.30(5)(3) 1.32(5)(2)
ETM 124, 12B [392,413] 2 C - - 1.32(8)°  1.36(8)°
me2013f5d\/ Bg, fe, V B, FAG2013 DB Beg,
—l— our average —— —— our average —l—
T
]
H—+—— FNAL/MILC 11 A — = - HPQCD 09 -
T HPQCD 09 - HPQCD 06A +—+—++
HPQCD 06A C
y - ETM 13B T+
MO ETM 13B T Z ——  ETM 12A,12B ——
200 230 260 240 270 300 MeV 1.0 1.2 14 1.6 1.0 1.2 14 1.6
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RBC/UKQCD 10C  [405] 2+1 E m 1.13(12) -
HPQCD 09 [402] 2+1 Vv 1.258(33) 1.05(7)
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"
o = | FNAL/MILC 12 =
Z
— RBC/UKQCD 10C
HH HPQCD 09 —
(ﬁ' HCH ETM 13B H T
74 —— ETM 12A,12B O
1.1 1.2 1.3 1.4 09 1.0 1.1 1.2



new results for B-mixing

RBC/UKQCD static limit

[Y Aokl et al, PRD 91 (2014)

114505, arXiv:1406.6192]

ensembles RBC/UKQCD de\/B—Bd = 240(15)(33)
Ny 2+1

a (fm) 2/0.085, 0.111 fi.\/ B, = 2000)(40
M [MeV] 350 Bp, = 1.17(11)(24)
MR 13 Bp. = 1.22(6)(19)

| quarks DWF Bp,/Bp, = 1.028(60)(49)
b quark static § = 1.208(41)(52)

preliminary FNAL/MILC Ni=2+1: £ = 1.211(19)

+ work in progress by FNAL/MILC, RBC/UKQCD

i

[J Simone, Thu 9:
[A Khamseh, Thu 11:
[T Ishikawa, Thu 8:
[T Kawanai, Fri 16:

[O Witzel, Fri 17:
[P Korcyl, Tue 1l6:



FLAG-2 on charm semileptonic decay

$ §
3 o> I~
¢ & &8 =
S N s &
2y 5 3 o & by
2 {ng S 3 N
S § £ & ¥ ¢
§F § & & & £
S
Collaboration Ref. Ny g & & S & 5 fP™(0) fPE(0)
HPQCD 11 [337] 2+1 A o) O * * v 0.666(29)
HPQCD 10B [341] 241 A 0 o  *x % v 0.747(19)
FNAL/MILC 04 [356] 2+1 A W Ok 0 v 0.64(3)(6)  0.73(3)(7)
ETM 11B [344] 2 C 0 o  *x % v 065(6)(6)  0.76(5)(5)

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]



results for charm SL form factors

new

ensembles ETM

Nt 2+1+1

a (fm) 3/0.062 - 0.089
M [MeV] 210
ML 3.1

sea tmQCD
valence OS

- accurate analysis of (aq)? cutoff effects
- tbc allow for fine momentum spacing

- preliminary results with stat error only

[P Lami, Wed 14:20]

B=1.90 L=24 1 =0.0060

= [ T I ! I

Hollow points are excluded

L




new

ensembles

S€a

valence

MILC

24141

4/0.042 - 0.12

130
3.2
HISQ
HISQ

- tbc to get precise form factor at g°=0
- tbc allow for fine momentum spacing

- no quotable numbers outside plots

results for charm SL form factors

[ FNAL/MILC arXiv:1411.1651]
[T Primer, Thu 11:40] m

kL

0.80
0.75}F
o~ ¢ —— continuum
-] #  0.045 fm, m;=0.2 m,
| | 0.70 & 0.06 fm, m, l=0.036 m,
Aillﬁ & 0.09 fm, m; =0.035 m,
A 4 0.09 fm, m; =0.1 m,
N\@/ 0.65F l # 0.09 fm, mz =0.2m,
$ 0.12 fm, m; =0.035 m,
0.12 fm, m; =0.1 m,
Qo 0.60r 0.12 fm, mz —0.2m,
9\ ®  physical point
0.55-
0.50 1 1 1
0.00 0.06 0.12 0.18 0.24
m, / mg
0.80
0.75¢
o~ ¢ — physical mass
(- B 0.045 fm, m; =0.2 m,
|| 0.70 & 0.06 fm, m; =0.036 m,
* = J & 0.09 fm, m; =0.035 m,
(| 4 0.09 fm, m; =0.1 m,
E 0.65 P 5 ¥ 0.09 fm, m; =0.2 m,
$ 0.12 fm, m; =0.035 m,
0.12 fm, m; =0.1 m,
Q o 0.60 0.12 fm, m; =0.2 m,
H\ B ®  physical point
0.55¢
0.50 L 1 L
0.000 0.004 0.008 0.012 0.016

a® (fm*)




new results for charm SL form factors
[T Suzuki, Thu 11:20]
e
23
ensembles JLQCD
T omilinenr
N¢ 241 0.9 L FLAG22013 ——
a (fm) 1/0.08 fm 0-81 {
0.7 t ¥ |
M [MeV| 300 0.6 | %
M™ L 3.0 0.
0.4 i
sea mDWF 003 b '
0 100 200 300 400 500 600
valence mDWEF Mps

- very preliminary

- results consistent with FLAG “average”

and CLEO-c shape within large errors
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0.8

HPQCD arXiv:1305.1465 (D — K)

-0.1

-0.08
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z
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C [O CLEO i LT ]
- | O BaBar __i ]
LISE 1S Belle T T .
- BESIII ; ; .
' » 11K errors: experiment i e
>Q r lattice + -
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< B r | i 7
S F T 1 Gt .
= I IR ]
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q2 bins in GeV’

discussed in FLAG-2, unable to rate/average it due to incomplete

information on systematics



new results for B — D™y

FNAL/MILC* FNAL/MILC HPQCD
process B — D*{v B — Dlv B — Dlv
kinematics w=1 w > 1 w > 1
ensembles MILC MILC MILC
Nt 241 2+1 2+1
a (fm) 5/0.045 — 0.15 4/0.045 — 0.12 2/0.09, 0.12
M [MeV] 260 220 260
ML 3.8 3.8 3.8
| quarks asqtad asqtad asqtad
c quark RHQ (Fermilab) RHQ (Fermilab) HISQ
b quark RHQ (Fermilab) RHQ (Fermilab) NRQCD
reference

(* full publication of B — D™ results, no changes wrt proceedings value quoted in FLAG)



form factor

new results for B — Dlv

[ FNAL/MILC ] [HPQCD ]

1.4
1.3 |
1.2
1.1 |
1 L
0.9
0.8 |
0.7 |

| |
O 5 ! , | | 0 0.01 0.02 0.03 0.04

0 0.02 0.04 0.06

Z

| | | | | | |
0.05 0.06 0.07

FFs from combination of
double and single ratios of
current matrix elements

FFs from direct fit to three-
point functions



new results for B — Dlv

[ FNAL/MILC] [ HPOCD ]
0 —
Statlstlcs 8_' ||||||||II|III|IIIIIIIII
5 L . XPT/ cont " 7 a2 - statistical
HQ disc. + scale r; m—— [ — chiral extrapolation | ]
matching m— o — discretization
&4 19 < F - = kinematic
N S =t matching
— 5[
%3 - % E 41 _
< O S
o — - L =~ -
— Sy *C'é 3= -~ -
2t f G = ——
~— + Y T -
e e,
N S D N D N R DT BT R PR PR
O -100 1 2 3 4 5 6 7 8 9 10 11 12
2 2
1 1.1 1.2 q [GeV]

w

FFs from combination of
double and single ratios of
current matrix elements

FFs from direct fit to three-
point functions



FCAG2013
: ' |

Collaboration

FLAG-2 on B — 7lv

,9 S
S L F S &
@ 657 Q @ X o
S > § 8§ F
S §F rF ¥y g
> 3 S S‘v S
SN S s ati
N 3 & $ IS & z-parameterization COV.
Ref. Ng I & ¥ ¥ & < ACB™ type {ao,a1,a2} matrix
{0.0216(27),
FNAL/MILC 08A[350] 241 A O O & O v 22130407 BGL'  “gg3g(19), ves’
—0.113(27) }
[426] 2+1 A O O Kk O / 2074139 - - no

HPQCD 06

S
o)

&
n

(1-g'im’ ) f.(q)

<
N~

® FNAL/MILC 08A
m HPQCD 06
— 3-parameter BCL fit

. = Viy — ¢ — I =1

- Viy — ¢ + Vi = 1o

-0.2 -0.1

gt )

0.1 0.2

[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]

tr = (mp+mg)?, to < ty



FLAG-2 on B — 7lv

QO
(o) § .,QQ %&
S &F &
> & s &
S > § 8§ F
S §F &£ ¥ ¥ 8
§ $ \6)57 £ 'é’v A:OY
5§ F g é& $ é‘,} z-parameterization  cov.
Collaboration Ref. Ng I & ¥ ¥ £ ACB™ type {ao,a1,a2} matrix
{0.0216(27),
FNAL/MILC 08A[350] 241 A O O & O v 22130407 BGL'  “gg3g(19), ves
—0.113(27) }
HPQCD 06 [426] 241 A O O Kk O /  2.07(41)(39) — - no
08MG|2013| T T T T T OSmG|2013| T T T T T
—3 ] . -3
ol 1 V| = 3.37(21) x 1072 | 1] - V| = 3.47(22) x 10
N; 0.6 Tj\.&c — N; 0.6 ®
a:" = i :;+ q
o~ 205 | 4 & 205 j
o~ M- ] N -
a T
= 041 1 T 04
® FNAL/MILC 08A ® FNAL/MILC 08A
0.3~ | m HPQCD 06 0.3~ | m HPQCD 06
| | * Belle % Babar
— 3-parameter BCL fit — 3-parameter BCL fit
02 1 I 1 I 1 I 1 I 1 02 1 I 1 I 1 I 1 I 1 I 1
' -0.2 -0.1 0 0.1 0.2 ' -0.2 -0.1 0 0.1 0.2
2 2
xq.1,,) q.t,,)
[FLAG 2013, Eur J Phys C74 (2014) 2890, arXiv:1310.8555v2]




new results for B — nlv

FNAL/MILC RBC/UKQCD
ensembles MILC RBC/UKQCD
N; 2+1 2+1
a (fm) 4/0.045 — 0.12 2/0.086, 0.11
M=® [MeV] 220 289
M, 3.8 4.0
| quarks asqtad DW
b quark RHQ (Fermilab) RHQ (Columbia)

reference
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new results for B — nlv

P S R T

statistics

chiral-continuum extrapolation
lattice-scale uncertainty
renormalization factor

HQ discretization errors

LQ and gluon discretization errors
other systematics
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B, — Klv

RBC/UKQCD HPQCD
ensembles RBC/UKQCD MILC
Ng 2+1 2+1
a (fm) 2/0.086, 0.11 2/0.09, 0.12
M [MeV] 2389 260
M, 4.0 3.8
| quarks DW asqtad
b quark RHQ (Columbia) NRQCD

reference
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impact of fitting, systematics estimation

significant differences in estimates of fit and systematic uncertainties
in otherwise very similar computations

well-known example from light-quark physics (both computations use
MILC ensembles, relatively minor differences)

stat CL FV e.m.
\\ /7
MILC 13 fK:i:/fW:l:‘Nf:2_|_1_|_1 = 1.1947(26)(33)(17)(2)
HPQCD 13 fr /[ frt | Npmogp141 = 1.1916(15)(12)(1)(10)

JAVAN

stat CL FV (misc).



