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Introduction
G

+ Caveat: This has not been reviewed by the SPC, so
please don’t blame the rest of the SPC for anything you
do not like.

4+ Goals:

e Brief summary of 2017 B physics proposals

e Discussion of some of the physics opportunities to pin down the
CKM matrix, test the Standard Model, search for evidence of
new physics
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Proposals
)

4+ Determination of [Vop| from Semi-leptonic Decays
B—-DU | v using the Oktay-Kronfeld Action:; Pl: Gupta,

20 M J-Psi core-hr

4+ Investigation of B—~K 1t I*I" Decays with Lattice QCD; PI:
L eskovec, 18.9 M J-Psi core-hr

+ Standard Model Parameters and the Search for Physics
Beyond the Standard Model with HISQ; Pl: Mackenzie,

87.4 M J-Psi core-h

"+ 5.7 M BG/Q core-hr

+ Semi-leptonic B and Bs-decays with charming hadronic

final state; Pl: Soni, 17.6 M J-Psi core-hr

4+ The following slides will summarize the goals of each

proposal.
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Gupta

+ Uses Oktay-Kronfeld heavy quark action for b and ¢

guarks

+ MILC HISQ ensembles: three lattice spacings and three

values of p
+ a=0.15, 0.7

ilon mass at each lattice spacing.
2 fm done on local clusters. Time Is for 250

configurations of a=0.09 fm m/ms=0.1 and physical
mass ensembles.

e 2016 allocation used for m/ms=0.2 ensemble

4+ Use truncated solver method

+ Aim for 1.0% (1.1%) error for B—=D" Iv (B—D Iv ) form
factors. Currently, 1.4% (1.2)%.

4+ More about |Vep| later...
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| eskovec
-

+ Studying rare flavor changing neutral current decay
B—=K 1 Il in region of K*(892)

+ Uses 2+1 flavor dynamical clover ensemble with
a=0.114 fm and mw=317 MeV

4+ LHCb found anomalous angular dependence at low g~.
+ Sensitive probe of beyond standard model physics.
+ Previously K* treated as a stable particle

4+ Use one large volume (323x96) and several moving
frames

+ Continuation: about 285 configurations will be analyzed
this year. Would like to get to 800 with new allocation.
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Mackenzie

+ Use 2+1+1 flavor HISQ ensembles; HISQ light valence
quarks, Wilson/clover (w. FNAL interp.) b,c quarks; ¢
quarks treated with HISQ as well for some projects

+ Six lattice spacings: a=0.15, 0.12, 0.09, 0.06,0.042, 0.03 fm

+ Physical light quark mass except for 0.03 fm ensemble

4+ [est CKM unl

+B-onlv, B—

tarity with broad range of decays:

DO v, Bs—Ds!) v, K=11 v, D=1(K) | v

+ neutral B meson mixing
+B-1v, B=DU 1V, BoKO I*
+ Decay constants for pseudoscalar and vector mesons

4+ charm and bottom guark masses, Qs

+ Aim for better precision than asgtad results
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Soni

+ Using Mobius domain-wall 2+1 flavor ensembles

4+ Seven ensembles with 0.114fm >a > 0.711 fm, one

Wit

N physical mass pion

+Re

ativistic heavy quark (RHQ) action

+B-D0 | v, Bs—=Ds" | v to determine |V

+Lig

ht and strange quark propagators are already

archived.

+ Wil

| run on two 483x96 ensembles with a=0.11 and

0.07 fm, with pion mass 138 and 234, respectively.

.-

‘hree other ensembles already analyzed.

+ Wil

later compute B meson mixing, & decay constants
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Kobayashi & Maskawa

+ \Won 2008 Nobel prize for realization that with three (or
more) generations can have CP violation, which might
explain baryon asymmetry of Universe.

KEK photo from nobelprize.org
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CKM Matrix

+ Some relevant processes listed under each element

Vud Vaus Vub
T™T—lv K -—omwlv B — wlv
K — v
Ved Vs Veb

D —7nlv D— Klv B—DW¥y
D—lv Dg—lv

Vitd Vis Vib
<Bd‘§d> <BS|§S>
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CKM Matrix |l

+ CKM matrix is unitary.
e Fach row and column is a (complex) unit vector.

e Each row (column) is orthogonal to the other rows (columns).

4+ Violations of unitarity are evidence of non-standard
model physics.

+ If two different processes are used to determine an
element of the matrix and they do not agree, that is
evidence for new physics.

+ LQCD input for decay constants and form factors is
needed to determine elements of CKM matrix

2
G% ch|27_D(s) 2 2 m%
B(D(S) — KVE) — S fD(s)memD(S) 1 - m%( |
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First Row: Light Quarks

4+ Processes involving only light quarks test first row unitarity

Vus Vub
s
semileptonic
Vcs Vcb
D —7lv D— Klv B—DWYuv
D—lv Dg;—lv

Vti Vti Vib
<Bd|Bd> <BS|BS>

leptonic
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fr and fk

¢ | ight decay
constants as

summarized by
FLAG

® Some calcs. use fn
to set the scale so
fewer results on left

e Ratio of decay
constants Is easy to
calculate and used
to test unitarity
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fr[/ fK

FLAG2016

N

FLAG average for N, =2+1+1

| ETM 14E

] FNAL/MILC 14A
—HH ETM 13F
HPQCD 13A

—
LI
H MILC 13A
MILC 11 (stat. err. onIY
—] 1 ETM 10E (stat. err. only)

¢ | ight decay
constant ratio
summarized by

Ne=2+141

FLAG
® From experimental

FLAG average for Ny =2 +1

RBC/UKQCD 14B

RBC/UKQCD 12

Laiho 11

MILC 10
LQCD/TWQCD 10
BC/UKQCD 10A

| ‘%.@-h
S|

+[]

measurement:

BMW 10

— — {\I/_IRC(Z:D/TWQCD 09A (stat. err. only)
MILC 09

Aubin 08

PACS-CS 08, 08A

RBC/UKQCD 08

HPQCD/UKQCD 07

NPLQCD 06

MILC 04

Ne =2 +1
.,

] 1
i

.
[]

i
Tt

FLAG average for N =2
ETM 14D (stat. err. only)

T — 02758(5) h M T | ALPHA 13A
ud fﬂ‘i Z"‘ M I_' | ETM 10D (stat. err. only)

@--

ETM 09
QCDSF/UKQCD 07

N,

1.14 1.18 1.22 1.26
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K semileptonic decay
.

+ Semileptonic decays have three-body final states, so
there is one kinematic variable, usually denoted g2,
which is momentum transfer to the leptons.

PK = Pr T+ Q + qu
q=qr T q,
4+ To extract [Vus| we just need f.(0) as experiment tells us

4+ From FNAL/MILC with 2+1+1 flavors PRL 112, 112001 (2014),
arXiv:1312.1228 (0.34 % error)

£1(0) = 0.9704(24)(22)
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f+(0) for Kaon Decay

e -_AG averages for

Kaon decay

constant at g°=0

Ne=24+1+1

e Only one value for

Ni=2,2+1+1

e [Wwo values for

Ni=2

e Next, we look at

unitarity test

Ne=241

N¢=2

non-lattice
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f4+(0)

FLAG2016

o Tl

FLAG average for N, =2+1+1

ETM 15C
FNAL/MILC 13E
FNAL/MILC 13C

AW

i

FLAG average for N, =2+ 1

RBC/UKQCD 15A
RBC/UKQCD 13
FNAL/MILC 12|
JLQCD 12

JLQCD 11
RBC/UKQCD 10
RBC/UKQCD 07

FLAG average for N¢=2

ETM 10D (stat. err. only)
ETM 09A

QCDSF 07 (stat. err. only)
RBC 06

JLQCD 05

JLQCD 05

| @
| O |
——

Kastner 08
Cirigliano 05
Jamin 04
Bijnens 03
Leutwyler 84

0.94 096 0.98 1.00
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First Row Unitarity Test

)
¢ Black line Is unitarity

¢ \/ertical band Is from

nuclear 3 decay (LQCD 00508 1=
iIndependent)
e Angled band is from 00504 L
leptonic decays -
® Horizontal band is from N i
semileptonic K decay > O
e Some tension between I
the two types of decay 0.0496 [
for 2+1+1. I
° Canlvve reqluce 0.0492 |-
semileptonic error? i
] ] ] | ] ] ] | ] ] ] ] ] ]
1 61 1 041 88 0.9484 09488 0.9492 0.9496
FNAL/MILC, Phys.Rev. D90 (2014) 7, 074509 arXiv:1407.3772 IVM dlz

S. Gottlieb, USQCD AHM, 4/28/17



First Row Unitarity (FLAG)

* Preliminary FLAGS
results for 2+1 and
2+1+1 flavors 0.230

FCAG2015

e Matrix elements not
squared here

e Dotted line is 6@\ —————————————————————————— _

unitarity 3 e
o~
e 2+1 flavors has 0.220f
[1 lattice results for f,(0), N; =2+1+1
|arger error and B attice results for fi+/f .+, Ny=2+1+1
Conslstent Wl'th lattice results for f,(0), N;=2+1
0 lattice results for fys/f+, Ny =2+1
ﬂ |'t r|'t [ 1 lattice results for N;=2+1+1 combined
U a y 0.215F [ 1 lattice results for N; =2 +1 combined
nuclear g decay
0.96 0.97 | 0.98 0.99 1.00 1.01 1.02
Vud
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Vus| & |Vud| Summary

e plot from FLAG
® sguares leptonic

e triangles
semileptonic

® good agreement w.

2+1 flavors, some
tension for 2+1+1

® Note tension
between T decay

results and 1 and K N = ]

decays
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FLAG2016

IV udl

FLAG average for Ny=2+1+1

ETM 15C
ETM 14E
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FNAL/MILC 13E
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| gAy
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1
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\
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ETM 14D (stat err. only)
ALPHA 13A
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ETM 10D (stat. err. only)
ETM 10D (stat. err. only)
ETM 09A

ETM 09
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QCDSF 07 (stat. err. only)
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JLQCD 05

Qﬁ+ o [hilfﬂ_%
‘T |

HFAG 14 r decay

Maltman 09 7 decay and ete”

Gamiz 08 r decay

|—Q—|

Hardy 15 nuclear g decay

*%ﬁ

0.973 0.975




Second Row: Charm Quark
D

4+ Processes involving charm quark test second row unitarity

Vud Vus Vub
T™T—lv K -—omwlv B — wlv
K — v
Vcd Vcs Vcb

D - 7mly D — Klv B— D%y
leptonic D—lv Ds—lv \ semyleptonic
Vid Vis Vib

<Bd|§d> <BS|§S>
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Charm Decay Constants

e Note improvement

of precision from o bo; ETM 09 l

initial 2005 2+1 N iuen — ETM 11

flavor results to = — —O— ALPHA Lat'13

current 2+1+1 flavor _ o o FNAL/MILC 05

esults 1
fo+ = 212.6(0.4)(F19) MeV | = o o Pacpis

~ —O— vQCD Lat’13

/D, = 249-0(03)(1%%) MeV $ i o FNAL/MILC Lat'12
e FLAG3 averages ‘l\L —— —{— ETM Lat'13

should be quite < * i fhis work

similar with slightly T In,

smaller errors e BT vy

FNAL/MILC, Phys.Rev. D90 (2014) 7, 074509 arXiv:1407.3772
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Charm Decay Constant Ratio

e ONnce again, note
remarkable
improvement over
the past decade

fp./fp+ = 1.1712(10)(*33)

N O ETM 09
I o ETM 11
> —— ETM 13
o : ALPHA Lat’13
i : o FNAL/MILC 05
AN —Q— HPQCD 07
' o FNAL/MILC 11
= O HPQCD 12
~
sy —— FNAL/MILC Lat'12
+ — ’
& . '} ETM Lat’13
I
> HH This work
fo ! fy
| | | | | | | | | | | |
1.1 12 14

FNAL/MILC, Phys.Rev. D90 (2014) 7, 074509 arXiv:1407.3772
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FLAG Charm Decay Constant Ratio

FLAG2016 fo,/fo

e ONnce again, note
remarkable
Improvement over
the past decade o

FLAG average for N, =2+1+1

H FNAL/MILC 14A
H—— ETM 14E
T ETM 13F

- FNAL/MILC 13
FNAL/MILC 12B

Ne=2+1+1

T
. FLAG average for N =2+1
—-

=

HPQCD 12A

FNAL/MILC 11

PACS-CS 11

HPQCD/UKQCD 07
. FNAL/MILC 05

fp./fp+ = 1.1712(10)(*33)

241

[]

&,

[]

e FLAG 1.1716(32) for

2+1+1 flavors = FLAG average for N; =2

—11+—— TWQCD 14
— ] —t— ALPHA 13B
HilH ETM 13B
] ETM 11A

| ] | ETM 09

N
I
z

1.10 1.15 1.20 1.25
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Extraction of Veg & Vs

+ The experimental results for charm meson leptonic
decays are summarized by the Heavy Flavor Averaging

Group (HFAG):

FolVea| = 46.40(1.98)MeV,  fp.|Vis| = 253.1(5.3)MeV

+ Experimental error is 2.1-4.3%.

4+ Using decay constants from LQCD, we get CKM matrix
elements:

V.a| = 0.217(1)(5)(1), |Ves| = 1.010(5)(18)(6)

+ Errors are lattice, experiment, and structure dependent
electromagnetic, respectively.
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Second Row Unitarity
.

¢ Black line Is unitarity

e Horizontal blue band is Ds
leptonic decay

e \/ertical green band is D*
leptonic decay

e Note the =1.8 o tension
with unitarity

e Fajfer et al,. PRD91, (2015)
094009 bound new physics

¢ Fewer results for
semileptonic D meson
decays

e Expt. error dominant now.

FNAL/MILC, Phys.Rev. D90 (2014) 7, 074509 arXiv:1407.3772
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D semileptonic result
.

+ Interestingly, there is a new BaBar paper, PRD91,
052022(2015), on semileptonic D decay that uses
HPQCD result.

4+ It yields |V_{cd}| = 0.206 \pm 0.007_{\rm exp} \pm
0.009_{\rm LQCD}.

+ Adding errors in quadrature 0.206 (11) compared with
our leptonic decay result of 0.217(5).

4+ Their central value is two of our sigma below our result,
but our result is only one of their sigmas high.
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B Meson Decays

4+ Leptonic and semileptonic decays studied in LQCD

+ Rare decays involving flavor changing neutral currents
(FCNCQC) also studied

e FCNC vanish at tree level in Standard Model, so a good place to
look for new physics

e Some tension between recent SM prediction from LQCD and
LHCb measurements

e Alternative to B meson mixing for determining |Via| and |Vis|
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B Meson Leptonic Decays

f ]
. — 201 B s
e FLAG3 will have only ~ ¥r2efs—— —
minor updates to X O HPQCD 13 .
these results bt
1 our average for N, =2+1 | m
e RBC/UKQCD 2+1 _
+ I HPQCD 12 —
o ETM 2+1+1 (p|0tted) Cﬁl 155 HPQCD 12/ 11A -
e both have large errors < —m— FNAL/MILC 11 — il —
—_H+— HPQCD 09 H
®for 2+1 and 2+1+1
flavors errors about m— our average for N¢ =2 e
2% N 11| ALPHA 12A —
I
¢ f3=190.5(4.2) MeV, = = ETM 125 -
H—{ ALPHA 11
2+1 flavors (2013) {1 ETM 09D -
150 175 200 225 210 230 250 MeV
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\Vub| from FLAG2

3
FTAG2013 IVublx10
® | arge errors for " . . . . .
leptonic decays from 7
experiment (25%) N " . Bt
Z

e Semileptonic decays
give smaller value

B—1v
B— v (Babar)
B—nfv (Belle)

® [ension between
exclusive and inclusive
results

7
a1

e Plot from T. Vladi
arXiv:1509.01155

F=2

B H B—1v

¢ Belle |l will improve
B—T1Tv measurement

——C—+— HFAG Inclusive

(5% error expected)

rohon—lattice

5 30 35 40 45 50 55
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Exclusive B Decay Update

+ FNAL/MILC updated form factors for semileptonic
decays PRD 92, 014024 (2015),arXiv:1503.07839

+ FLAG:
Vup| = 3.37(21) x 1072, Ny =2+ 1;BaBar

Vup| = 3.47(22) x 1072, Ny =2+ 1; Belle
+ New FNAL/MILC result
V| = 3.72(16) x 1072, Ny = 2 + 1; BaBar&Belle

4+ This result decreases, but does not eliminate tension
between exclusive and inclusive results.

+ Next slide also includes Lambda baryon decay result
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Updated Semileptonic [Vup

Lattice error now comparable to experimental error.

This work + BaBar + Belle, B — wlv

Fermilab/MILC 2008 + HFAG 2014, B — wlv
| | I RBC/UKQCD 2015 + BaBar + Belle, B — wlv

Imsong et al. 2014 + BaBarl2 + Bellel3, B — wilv

| = | HPQCD 2006 + HFAG 2014, B — 7lv

—A—] Detmold ef al. 2015 + LHCb 2015, A, — plv
—&— | BLNP 2004 + HFAG 2014, B — X Iv

@ UTFit 2014, CKM unitarity

32 3.6 40 44
Vo Ix10°
ub

PRD 92, 014024 (2015),arXiv:1503.07839
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Vb

c—/— "
+ Exclusive calculations of B=+D*|v and B—D | v yield

Vcb
+ Experimental error dominant for B—=D | v (3.9% vs 1.4%)
+ Again, tension between exclusive and inclusive results

PRD 92, 034506 (2015), arXiv:1503.07237 [hep-lat]

+ But two exclusive decay modes consistent

| N I Fermilab/MILC ’15 + BaBar ’09,B—=D,w =1

| 2 4 I Fermilab/MILC 15 + HFAG '14,B =D, w =1

—— Fermilab/MILC 14 + HFAG ’14,.B — D . w =1

—m— | Gambino & Schwanda ’13, B — XC inclusive

36 37 38 39 40 41 42 43 44
WV 1x10°
ch
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http://arxiv.org/abs/1503.07237

B—D | v form factor

¢ WO results with 2+1
flavors both on

MILC asqgtad
ensembles.
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uses CLN parametrization

[Caprini, Lellouch, Neubert 9712417]

V..», and V. p: exclusive vs inclusive

Exclusive:
Vaub| Bsrer = 3.73(14) X 1073 FLAG] T X BB . F
_ - - B — D*lv :
V| Bosrv = 4.33(72) x 1077 PDGHLAGT , (] ——
Vool 5o pew = 40.1(1.0) x 1073 FLAG] | EEDpe |
_3r i B — TV '
S e Vcb‘B—)D*ﬁy = 39.27(56) (49) x 10 .FLAG] o
Vb /Veb|Ay— (p, A )er = 0.083(6) PDG]
[Detmold, Lehner, Meinel]

Inclusive [PDG]:
Vb B x, 00 = 4.49(16)(F15) x 1073

Vip| B x.00 = 42.2(0.7) x 1073

i — =027
B The overall tension between all these / ® Dexci= 1

, — 68%CL

determinations is 3.2 0 by T 9%CL
40 42 44

B Future progress
TP [Veo| x 10°

4 B—D* form factor: q* dependence and use

< >
of BCL/BGL parametrization [Berlochner et al. 1703.05330] B — D*fv
[Bigi, Gambino, Schacht 1703.06124] » using the new Belle
# Bs—Klv [Grinstein, Kobach 1703.08170] result 17020152

Enrico Lunghi 17/25 Moriond QCD 2017



Ken Lane’s List from LHCDb

+ BT 5 K utu /BT — Ktete™ 25%< SM (2.60)
+ Independently, BT — K™~ branching ratio 30%
<SM (20)

4+ Earlier results for electron mode consistent with SM

¢ | epton nonuniversality may not demand much more from LQCD,
.e., BSM physics will change Wilson coefficients. (pheno ms.)

+ BY — K*%u%~ angular distribution differs from SM by
2.90 In two bins. Theoretical error guestioned.

e \Ve have not done this decay. (Not gold plated...)

+ B(s) — pp~ branching ratios jointly measured by
CMS and LHCD ...
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B = j -

+ Nature: doi:10.1038/nature144 74 (we’re cited)

c = v
= 3 ¢ J
g 104 =_>K ....... >K ..... ' ......................................................... 108 " ’ }[1
o ; * ¥ 7 A " .* - [ ]
% B y 107" .l o &
(4] 10—5 e vu\v ............. ?
© E X
S u A 0 L r—————
LL 10—6 s S S — 2012 2013 ... 2014 .
(04 = W x* ';’.E'A A
6 -
j 10—7 =? ................................................................................................. Aﬁﬁ ................................................
O = & L
0 m
oo 10—8 E_ X CLEO A BG"B ........................................... * ............
25 ~— | % ARGUS [ ] BaBar 5
= | YV uat EN LHCb SM: B — p'p-
.g 10 E— 'ﬂ{‘;’:‘;’ CDF " CMS .................................................................
- = | VV L3 {) ATLAS 0
o | AA Do @®® cwms+LHCh | SM: B” — piu-
10— '=r1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I
1985 1990 1995 2000 2005 2010 2015

Year
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CMS+LHCD |l

+ 2D contour plot of branching ratios

e Bs too small by 10
* B too big by =20

CMS and LHCb (LHC run |)

¢m (% 9 - T T 1 r T T T T ] 1 T T T I -
ol 8 ? — _;
G / 2 =
6 ;;' ‘.' |I’,"‘ . % O:)) _;
56 o & \» \= =
- ’ ‘ | ® ;8\ \ 2 \ @, =
— ™ \ Yo -
4E7 'u > o .
3 E— | | ’ ‘ | _f
o | E
n SM =
1 s g a —
O — ! | | | | | -

0 0.5 1 1.5 2 2.5
B!
SSM
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CMS+LHCD |l

+ Individual contour plots
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Rare B Decays
.

+ FNAL/MILC has recently calculated form factors
needed for several rare decays that require flavor
changing neutral current.

+ Good place to look for new physics

+ Some tension between SM prediction and recent LHCDb
measurement
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Rare B Decays |l
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¢ | HCb measurement is smaller than SM prediction in 3 of 4 bins. 1.7 0

tension.
e arXiv:1510.02349
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Rare B Decays ll|

4+ Rare decays depend on |Vig| with g=d or s

|V;5d‘ — 745(69) X 10_37 H/ts‘ — 357(15) < 10—3
+ The same elements of CKM matrix can be determined
from B-meson mixing

Vig| = 8.4(6) x 1072, |Vi| = 40.0(2.7) x 1077

+ New |Vig| is 1.4 o below that from mixing with smaller
error

+ Values of |Vi4| are comparable

+ LQCD will help improve both determinations
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e BaBar: PRD88,
072012 (2013)

* FNAL/MILC:
PRL109, 071802,
(2012

e R(D): 2.00

e R(D*): 2.70

e [ogether: 3.40

¢ all BaBar’s values

® However, No
agreement is 2H
Model
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R(D) and R(D") Il

® BaBar’s comparision 08—
with two Higgs :
doublet model _0or
predictions %0_45
¢ X-axis should be 0ok
tan(3)/MH T
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.
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0.2 |
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S. Gottlieb, USQCD AHM, 4/28/17 42



1 | I I I | I I I | I I I | I I I | I I I
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Introduction
G

+ Goal is quick summary of some of the places where
there is a hint of beyond the standard model physics.

e Emphasis on where lattice QCD might have an impact.
e Many graphs from our recent papers.

+ Obvious non-lattice:
® neutrino masses and mixing

e dark matter
e dark energy

+ Muon g-2

e Many talks on this subject, so just point out it is one of the most
significant anomalies.
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