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Motivation

_|_

14
-
example: BT — KT ¢T¢~ %

Experiment vs. SM theory:

(experiment) = (known) x (CKM factor) x (had. matrix element)

U L)

dT'(B — mtv) dT(B — KT0-) Lattice QCD
e , " .
dl'(B — D{v) dI'(B — D1v) parameterize the ME in
dw ’ dw e terms of form factors,
Amgs) decay constants, bag
. parameters, ...
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Semileptonic B-meson decay to light hadrons

Example: B — 7wlv
Wg Vi

d 194 2
T—aY

* shape for semileptonic B decays:
use z-expansion for model-independent parameterization of ¢> dependence
* calculate the complete set of form factors, f+(¢?), fo(¢*) and fr(¢*) with LQCD.
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Rare semileptonic B decay
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Parameterize the amplitude in terms of the three form factors f, o.7(¢*):

A(B — Pt) ~ CM fr + (CS™ + Chp) f+ + nonfactorizable terms

/-

more on these later
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Form factors for B — K ¢/
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w Two LQCD calculations (on overlapping ensemble sets, different valence actions):
HPQCD (NRQCD b + HISQ), FNAL/MILC (Fermilab » + asqtad)
w consistent results for all three form factors
w also consistent with LCSR (Khodjamarian et al, arxiv:1006.4945, JHEP 2010)
v Note: First LQCD calculation of Ay — A £ ¢~ form factors (10 total)
(Detmold and Meinel, arxiv:1602.01399, PRD 2016)
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Form factors for B — K ¢/

HPQCD (arXiv:1306.0434,
1306.2384, PRL 2013)

FNAL/MILC
(arXiv:1509.06235, PRD 2016)

w Two LQCD calculations (on overlapping ensemble sets, different valence actions):
HPQCD (NRQCD b + HISQ), FNAL/MILC (Fermilab » + asqtad)
w consistent results for all three form factors
w also consistent with LCSR (Khodjamarian et al, arxiv:1006.4945, JHEP 2010)
v Note: First LQCD calculation of Ay — A £ ¢~ form factors (10 total)
(Detmold and Meinel, arxiv:1602.01399, PRD 2016)
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e Form factors for B — 7 ¢¢

(arXiv:1501.05373, PRD 2015)

EﬂAL/ I\élleC (arxivi1503.07839, PRD 2015) = FNAL/MILC (arxiv:1507.01618, PRL 2015)
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v Two independent calculations (RBC, FNAL/MILC): consistent results for fo, f+
w Shape of f. agrees with experiment and uncertainties are commensurate
w Fit lattice form factors together with experimental data to determine 1V,;| and

improved form factors (f:.fo)
w First calculation of fr (FNAL/MILC)
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Form factors for B — 7 ¢/

(arXiv:1501.05373, PRD 2015)

FNAL/MILC (arXiv:1503.07839, PRD 2015)

FNAL/MILC

(arXiv:1507.01618, PRL 2015)

(1= q2/Mé*)fT

|attice data

26.4 25 20 15 10 0
0.005 T | I | [ | | 0.0
O BaBar untagged (2012)
0 BaBar untagged (2011) 0.5
0.004 - < Belle tagged B’ (2013) | 7
2 > Belle tagged B" (2013) 0.4
: 88 :
’ IVubl (] -q /mB*) f+ : Belle untagged (2011)
0.003 - - : | 0.3
lattice data >
- vz extrapolation 0.2
0.002 |- = P - P B
0.1
0.001- Pt g 0
; 0
created by R Van de Water
|
%3 0 2 0 1 0 0 1 02 0.3

Z

5 10

15 20

q* (GeV?)

v Two independent calculations (RBC, FNAL/MILC): consistent results for fo, f+
w Shape of f. agrees with experiment and uncertainties are commensurate
w Fit lattice form factors together with experimental data to determine 1V,;| and

improved form factors (f:.fo)
w First calculation of fr (FNAL/MILC)
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Form factors forB — D /v, ¢ =e, u, 1

w
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v Two LQCD calculations
(FNAL/MILC, HPQCD)

v Combined fit to LQCD form
factors and BaBar data.

w LQCD form factor
uncertainties (~1.2%)
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v Form factors can be used to calculate the CKM free ratio:

_ B(B — Dtv;)
R(D) = B(B — Dlv)

A. El-Khadra EFT and LGT, 18-21 May 2016
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Form factors forB — D /v, ¢ =e, u, 1

w
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v Form factors can be used to calculate the CKM free ratio:
B(B — Drtv,)

R(D) =
(D) B(B — D/{v)
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Neutral B mixing

Standard Model

SM:

A. El-Khadra

AM, = (known) W BO|(’)1|BO>

also:

AM., __ MmB;

with é‘ — /5

AM MBd

AT, = G1 (Bo|O1|B)) + G3 30103\30 cos¢q+0(1/mb)

EFT and LGT, 18-21 May 2016
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Neutral B mixing

Standard Model

D e b d
BY BO » BY BO
O;
d b
In general : SM: BSM:
5 _ (Fe ay (1.8 A O, = (b*La®) (b’ Ra’
Heﬂr — Zci (N)Oz (M) O1 = (% vuLg®) (0" vuLg") 4 (_ qﬂ) (_B q”)
i—=1 Oy = (b*Lg™) (b° Lq") Os = (b“Lq”) (b Rq®)

O3 = (b*Lq”) (b° Lq®)

Recent and ongoing LQCD calculations of K, D, and B mixing quantities
now include results for hadronic matrix elements of all five operators.
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Neutral B mixing

FNAL/MILC (arXiv:1602.03560)
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w new LQCD calculation by FNAL/MILC (Fermilab » + asqtad)
w significant reduction of errors, especially for g
w first three flavor LQCD result for all five matrix elements

A. El-Khadra EFT and LGT, 18-21 May 2016
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Neutral B mixing

ETM (n=2, arXiv:1308.1851, JHEP 2014) vs. FNAL/MILC (n=3, arXiv:1602.03560)
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w LQCD calculation by FNAL/MILC (Fermilab b + asqtad)
w significant reduction of errors, especially for g
w first three flavor LQCD results for all five matrix elements

A. El-Khadra EFT and LGT, 18-21 May 2016
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Summary of recent progress

errors (in %) (preliminary) FLAG-3 averages + new results

I L I L I L | I I |
fB.,/fp Semileptonic decays
IB. — form factors for B — D ¢v at nonzero recoil by
N FNAL/MILC (Bailey et al,arXiv:1503.07237, PRD 2015)
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Summary of recent progress
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fe./fp Semileptonic decays

IB. — form factors for B — D ¢v at nonzero recoil by
N FNAL/MILC (Bailey et al,arXiv:1503.07237, PRD 2015)

B I HPQCD (Na et al,arXiv:1505.03925, PRD 2015)

FBE2DY(1) v B wlv,B; - Klv,B—>nll,B— KU,

GP7P (1) HPQCD (Bouchard, et al, arXiv:1306.0434;1306.2384,

R(D RL 2013, 1406.2279, PRD 2014; arXiv:1510.07446, PRD 2016)
(D) RBC/UKQCD (Flynn et al, arXiv:1501.05373, PRD 2015)
ff (%) FNAL/MILC (Bailey et al, arXiv:1503.07839, PRD 2015;

s arXiv:1507.01618. 2015 PRL: 1509.06235. PRD 2016:
S I B Du et al, arXiv:1510.02349, PRD 2016)
B
| | I | | | I . | | | I . | I | I I | | |
0 > 4 6 8
error in %

A. El-Khadra EFT and LGT, 18-21 May 2016

18



Summary of recent progress

errors (in %) (preliminary) FLAG-3 averages + new results
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Summary of recent progress

errors (in %) (preliminary) FLAG-3 averages + new results
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Theory uncertainties are commensurate with experimental errors
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Summary of recent progress

errors (in %) (preliminary) FLAG-3 averages + new results
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Rare semileptonic B decay

Nonfactorizable contributions:

(P 00)Qi(y)|B) ~ tr" vy / 24z 99 (PITTE (2)Qi(y)|B)

e at low recoil (high ¢?) use OPE (Grinstein&Pirjol, hep-ph/0404250, PRD 2004; others):
expand in1/¢* ~ 1/m;

(PLL)Q;|B) ~ f+ o1 + quark-hadron duality violations
(Beylich et al, arXiv:1101.5118, EPJC 2011)

® at high recoil (low ¢?) use SCET:
Ep~mp/2, expand in A/ Mg

(PLUUQ;i|B) ~ fror+ ¢p*xT *dp
A t

hard ~ m? hard collinear ~ A m?

A. El-Khadra EFT and LGT, 18-21 May 2016 23



Phenomenology for B — K. 7 474~

Experiment vs. Theory

HPQCD (arXiv:1306.0434, 2013 PRL) FNAL/I\/IILC (arXiv:1507.01618, 2015 PRL)
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Phenomenology for B — K. 7 474~

Experiment vs. Theory
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Phenomenology for B — K, m ¢T¢~

Experiment vs. theory

AB(Bt — 7T+/L+/L_)(1O_9)

A. El-Khadra

LHCDb data + FNAL/MILC form factors
(arXiv:1509.00414, JHEP 2015;1403.8044,
JHEP 2014)

focus on large bins above and below
charmonium resonances
theory errors commensurate with
experiment

yields ~1-2¢ tensions

= determine |Via/Vis,|Vidl,| Vis|

or constrain Wilson coefficients

D Du et al (arXiv:1510.02349, PRD 2016)
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Phenomenology for B — K. 7 474~

A. El-Khadra
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Phenomenology for A, — A /T4~

1.6

Experiment vs. theory

e | HCb data + Detmold&Meinel form factors
(arXiv:1503.07138, JHEP 2015)

® focus on regions above and below charmonium resonances
® cxp. data lie above SM theory ~1-30 tensions

Detmold & Meinel (arXiv:1602.01399, PRD 2016)
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Phenomenology for BY
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B Mixing and FCNC decays

D. Du et al (arXiv:1510.02349, PRD 2016)
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Blanke & Buras:
(arXiv:1602.04020, EPJC 2016)

tension between A p7. & ¢
inconsistent with CMFVl "
(Constrained Minimal Flavor
Violation)

Buras & De Fazio
(arXiv:1604.02334):

implications for “331” models

~20 tensions between loop
processes and CKM unitarity.

“from CKMfitter 2015 (hep-ph/0406186, http://ckmfitter.in2p3.fr)

EFT and LGT, 18-21 May 2016
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Exclusive vs. inclusive |V and |Vl

A. Kronfeld (priv. communication)
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_I ] | | | | | | | ] | | 1 | ] | | | 1 |1 "I e | | I | | 1 1 1 | ] | | I_ ° VUb/VCb| from A—b % péy/Ab % Ac’éy
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UT analysis

Laiho. Lunghi & Van de Water (Phvs.Rev.D81:034503.2010). E. Lunghi. nrivate comm.

A. El-Khadra

Using 1Vl |Veplexe from Kronfeld

1
ex+Vay | 4

p—value = 37.0% | Ve

excl

EFT and LGT, 18-21 May 2016

latticeaverages.org
Summer 2015

\ _~
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http://arXiv.org/abs/0910.2928

UT analysis

Laiho, Lunghi & Van de Water (Phys.Rev.D81:034503,2010), E. Lunghi, private comm.

Using Vsl 1Veplexer from Kronfeld February 2016
+
0.8 ¢ from FNAL/MILC
0.6
n
04

bextVa | L

ool —vue = 7.4% Ve

-1.0 -0.5 0.0 0.5 1.0

Significant reduction in the allowed region! | L

A. El-Khadra EFT and LGT, 18-21 May 2016


http://arXiv.org/abs/0910.2928

BSM phenomenology for B — K, 7 {74~

Constraints on Wilson coefficients (Co, Cio)

< New physics contributions modify the Wilson coefficients:
C; — C; + CZNP
at the high scale, uo= 120 GeV
v take C7'§ =0 using constraints from B — Xy

v assume MFV so that C;(b — s£¢) = C;(b — d ¢0)
w assume Cj 1, are real (no new CP violating phases)

v take measured AB(B — K, mput ™) in Ag? =1 —6,15 — 22 GeV?
v and FNAL/MILC form factors

v add B, — pu~ constraint with lattice f3;

A. El-Khadra EFT and LGT, 18-21 May 2016
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BSM phenomenology for B — K, {14~

Constraints on Wilson coefficients (Co, C1o)

D. Du et al (arXiv:1510.02349, PRD 2016)
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I 1 s
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> L—angles’ — BR's ) o Elanges”  Cgre™
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BSM phenomenology for B — K, 7 {74~

Constraints on Wilson coefficients (Co, Cio)

D. Du et al (arXiv:1510.02349, PRD 2016)

— 1o  __—-----
® 20 tension with the SM 7 20" < .
e favored region AT N
consistent with i
¢ inclusive constraints | | |
{ ® competitive with RN
‘' B — K*upconstraints |, e
B> (K mup [B-Xll : -Bs_’_%,,")““
-5 TGS OBy ™ oK bpamt)
—10 -8 -6 —4 -2 0 2 4 -10 -8 -6 -4
Re(Cy") Re(C
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BSM phenomenology for B — K*pu™* ™

1.2 x10 1.0 x10

— SM — SM — SM

Horgan et al (arXiv:1310.3887, PRL 2014; arXiv:1310.3722, PRD 2014, arXiv: 1501.00367)

—— binned —— binned —— binned Y
05 + LHOD | L0} 4 LHOD | 0sl + LHOb |
4 |
0.8} ]
T 0.6} {1 T 0.6} | T
= = =V
O @) @) 2|
R & 0.6 | & o
= )i = = O
9 0.4} | = 9 0.4} I 1 s
= T = I =
0.4} ! ] I
0 |
0.2} ] 0.2} ] SM
0.2} ] L
_ +,,—
BY — Kty BY = K** ity By — o™ p
_ 1 1 1 1 1 1 1
VR TR T T S TR Ty 5 16 17 138 1 007 15 16 17 18 19 -3 -2 -1 0 1 2 3
¢ (GeV)? ¢* (GeV)? ¢ (GeV)? ONP

caveat: K*, ¢ treated as stable (narrow width approximation)

A. El-Khadra

Theoretical framework for weak decays to resonances, B — K ¢/

etc... being developed
(Briceno et al, arXiv:1406.5965, PRD 2015; Agadjanov et al, arXiv:1605.03386)

EFT and LGT, 18-21 May 2016
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A. El-Khadra

@ Motivation and introduction
e for BSM focus (mostly) on loop processes

€ LQCD results for
® semileptonic B meson form factors

® neutral B meson mixing matrix elements

e summary of recent progress

¢ Phenomenology
e SM pre/post-dictions
e (CKM unitarity & BSM implications
e | epton Flavor Universality

@ Conclusions & Outlook

EFT and LGT, 18-21 May 2016
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BSM phenomenology: LFU t/¢

B(B — DYry,)

R(D™) =
( ) B(B — D™)/(v)
HFAG average for EPS 2015

| | | T | | | | | 9? 0.5 A L ) B S S B B E S . | -
i a [ —— BaBar, PRL109,101802(2012) A=10 7
BaBar EZ 045F = Belle, arXiv:1507.03233 ]
0.440 = 0.058 = 0.042 = N LHCb, arXiv:1506.08614 _
C m— Average i
Belle 04 - E
0.375 = 0.064 = 0.026 i n _
i 035 -
Average N ]
0.391 = 0.041 + 0.028 '_’_' 03— —
SM prediction E E
0 ' - | — —
0.297 + 0.017 R 0.25 - M oredict .
FNAL/MILC -.- : 02 - pre Ilcuon | 1|°(X2) =55% .
HPCD s 0.2 0.3 0.4 0.5 0.
HFAG ' R(D)

: | HFAG average: combined 3.90 excess

0.2 04 0.6

R(D)

A. El-Khadra EFT and LGT, 18-21 May 2016
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BSM phenomenology: LFU t/¢

B(B — DYry,)

R(D™) =
( ) B(B — D™)/(v)
HFAG average for EPS 2015

| | | | | | | | | 9? 0.5 L L L T ~
i i a) [ —— BaBar, PRL109,101802(2012) A=10 7
BaBar EZ 045F = Belle, arXiv:1507.03233 —
0440 £ 0058 0042 | g T E LHCb, arXiv:1506.08614 ]
- m— Average 7
Belle 0.4 - -
03750064 0026 - -
035 — —
Average - -
0.391 = 0.041 = 0.028 '_’_' 03 :_ _:
SM prediction E E
0.297 + 0.0 B 025 —
FNAL/MILC -.- 0o E SM pred:Ctlon | 1|°(X2) =55% E
HPaCD s 0.2 0.3 0.4 0.5 0.
HFAG ' R(D)

;l HFAG average: combined 3.90 excess

0.2 0.4 0.6
R(D)
still need LQCD form factors for B — D* at nonzero recoil for R(D*)
A. El-Khadra EFT and LGT, 18-21 May 2016
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A. El-Khadra

BSM phenomenology: LFU t/¢

| D. Du et al (arXiv:1510.02349, PRD 2016)

dB(B" — 7~ 7tv)/dg*(10~°GeV?)
() (S (\©) w M~ (@ D =~J o0

o 5 1. 15 20 %
¢*(GeV)*

B(B — wTv,)

B(B — wlv)

SM prediction for R(m) = = 0.641(17)

EFT and LGT, 18-21 May 2016
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BSM phenomenology: LFU u/e

Lepton universality test: B — Ku*pu~ /B — Kete™

——[HCb —s—BaBar ——Belle

& T THCh 1 LHCD (arxiv:1406.6482, PRL 2014):

1.5F | - — 90 \
) -

- SM

——++
0.51 =
T T R R

¢ [GeV/c?

~2.6 0 tension between LHCb measurement and SM theory

A. El-Khadra EFT and LGT, 18-21 May 2016 43



BSM phenomenology: LFU u/e

o

D. Du et al (arXiv:1510.02349, PRD 2016)

T T T . T 4 T T T T T
200 | Standard Model |This work| s | Standard Model [This work| mmm
LHCb [PRL113,151601(2014)| —o—
= S LLE
< 0F — X Rﬂ. — ]_
| T
.-100 |
3 e
- 6 Q:
=200 | R'I;( —1 | T2y
-300
! - L L I I _4 ! L L L I
0 5! 10 15 20 25 0 5 10 15 20
¢*(GeV)? ¢*(GeV)?

~2.6 0 tension between LHCb measurement and SM theory

In the SM these ratios are insensitive to the form factors
(see also C. Bouchard et al, arXiv:1303.0434, PRL 2013)

A. El-Khadra EFT and LGT, 18-21 May 2016
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Summary

w Precise LQCD results for semileptonic form factors for B — 7, K, D
transitions (and A,—A,A.p transitions)

v SM pre/postdictions with errors that are commensurate with
experimental uncertainties

m ~2cg tensions
v¢ hew LQCD resu

significantly smal

petween exp. and SM theory
ts for neutral B meson mixing matrix elements with

er uncertainties

m emerging ~2o tensions between loop processes and CKM unitarity
w observed LFU violating effects ~2-40 level:

+ still need LQCD form factors for B — D*at nonzero recoill

4+ also needed for exclusive 1V | determination

A. El-Khadra

EFT and LGT, 18-21 May 2016
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A. El-Khadra

Backup slides

EFT and LGT, 18-21 May 2016
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Introduction to Lattice QCD

. NP R
Y(P+m)Y + E(F,w)z_

use monte carlo methods (importance sampling) to evaluate the integral.

(O) ~ / DYDYDAO (1,1, A) e S = / d'z

Note: Integrating over the fermion fields leaves det(lD +m) in the integrand. The
correlation functions, O, are then written in terms of (ID+m)! and gluon fields.

steps of a lattice QCD calculation:
1. generate gluon field configurations according to det(D+m) e~

2. calculate quark propagators, (D+m,)"!, for each valence quark flavor and source
point

3. tie together quark propagators into hadronic correlation functions (usually 2 or 3-
pt functions)

4. statistical analysis to extract hadron masses, energies, hadronic matrix elements,
.... from correlation functions

5. systematic error analysis

A. El-Khadra EFT and LGT, 18-21 May 2016 48



systematic error analysis

...of lattice spacing, chiral, and finite volume effects is based on EFT
(Effective Field Theory) descriptions of QCD = ab initio

The EFT description:
@ provides functional form for extrapolation (or interpolation)
@ can be used to build improved lattice actions/methods
@ can be used to anticipate the size of systematic effects

A. El-Khadra EFT and LGT, 18-21 May 2016 49



systematic error analysis

discretization effects

discrete space-time = discrete QCD action
Symanzik EFT: (O)"?* = (O)°™ 4+ O(ap)"

p is the typical momentum scale associated with (O)
for light quark systems, p ~Aqcp

L
<« <«
>

a (fm)

The form of O(ap)" depends on the details of the lattice action.

All modern light-quark actions start at n =2
(improved Wilson, twisted-mass Wilson, asqtad, HISQ, Domain Wall, Overlap, ...).

A. El-Khadra EFT and LGT, 18-21 May 2016 50



systematic error analysis

discretization effects for b quarks

e |f we use light quark actions for heavy quarks, L T -
discretization errors ~ O(amy,)?, >
with currently available lattice spacings a (fm)
for charm am.~ 0.15-0.6 and for b:  amp>1

mmp> need effective field theory methods for » quarks
for charm lattice spacings are sufficiently small so that we can use improved
light quark methods

* avoid errors of (amp)’ by using EFT in the formulation/matching of lattice action/currents:
+ relativistic HQ actions (Fermilab, Columbia, Tsukuba)
+ HQET
+ NRQCD

or

e use the same improved light quark action as for charm (HISQ, twisted mass Wilson, NP imp.
Wilson, Overlap, ...)

+ keep amy <1

+ use HQET and/or static limit to extrapolate to the physical b quark mass

A. El-Khadra EFT and LGT, 18-21 May 2016
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systematic error analysis

light quark mass effects

Simulations with miigne = 1/2 (m, + mg) at the physical u/d quark masses are
now available, but many results still have

Miight > 1/2 (my + md)phys

¥PT can be used to extrapolate/interpolate to the physical point.
@ Can include discretization effects (for example, staggered yPT)

@ It is now common practice to perform a combined continuum-chiral
extrapolation/interpolation

A. El-Khadra EFT and LGT, 18-21 May 2016

52



systematic error analysis

finite volume effects

One stable hadron (meson) in initial/final state:

If L is large enough, FV error ~ e~ ™~

Q@keep m,y L 24

To quantify residual error:

@ include FV effects in CPT

@ compare results at several Ls (with other parameters fixed)

The story changes completely with two or more hadrons in initial/final state!
(or if there are two or more intermediate state hadrons)

A. El-Khadra EFT and LGT, 18-21 May 2016



systematic error analysis

other effects

v’ statistical errors: from monte carlo integration
consider/include systematic errors from correlator fit procedure

v ny dependence: realistic sea quark effects: use ny=2+1 or ny=2+1+1
Note: ns= 2 (effects due to quenching the strange quark appear to be small)

“* renormalization (and matching):

= with lattice perturbation theory: need to include PT errors
= nonperturbative methods
= use absolutely normalized currents where possible

A. El-Khadra EFT and LGT, 18-21 May 2016



systematic error analysis

...of lattice spacing, chiral, and finite volume effects is based on EFT
(Effective Field Theory) descriptions of QCD = ab initio

The EFT description:
@ provides functional form for extrapolation (or interpolation)
@ can be used to build improved lattice actions/methods
@ can be used to anticipate the size of systematic effects

To control and reliably estimate the systematic errors

@ repeat the calculation on several lattice spacings, light
guark masses, spatial volumes, ...

A. El-Khadra EFT and LGT, 18-21 May 2016
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A. El-Khadra

CKM determinations

TV

V

us

K —x by
K —uv

V

(6\Y

D —K fv
Dy —fvy

Vi
BY - BY
B— K¢

- K°

Vub

\

B —=xfv, B; =K fv

Ap —=p v

Vcb

B() =Dy, D7) £v

EFT and LGT, 18-21 May 2016
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The z-expansion

t=q° 1z
L 2t tg) = Vig =1 =l = o
Vip =T+ Vi — 1o
] R > ty = (mp £ my)? 4
I 4 oz = t- o Lfor kinematic
kinematic range [m7, ¢;,qz) range: jz| < 1.

Bourrely at al (Nucl.Phys. B189 (1981) 157)
i Boyd et al (hep-ph/9412324,PRL 95)

The form factor can be expanded as: Lellouch (arXiv:hep- ph/9509358, NPB 96)

Boyd & Savage (hep-ph/9702300, PRD 97)

Bourrely at al ( arXiv:0807.2722, PRD 09)

1

H0= Piyatem) & o) o)

* P(¢) removes poles in [z, t+]
* The choice of outer function ¢ affects the unitarity bound on the ax.
* In practice, only first few terms in expansion are needed.

A. El-Khadra EFT and LGT, 18-21 May 2016



A. El-Khadra

B meson decay constant summary
S. Aoki et al (FLAG-2 review, arXiv:1310.8555, FLAG-3 update)
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BSM phenomenology B4 — ut

CMS+LHCDb combined (arXiv:1411.4413, Nature 2015)

CMS and LHCb (LHC run I)
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BSM phenomenology B4 — ut

A. El-Khadra

CMS+LHCDb combined (arXiv:1411.4413, Nature 2015) and ATLAS (arXiv:1604.04263)
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D meson summary

errors (in %) (preliminary) FLAG-3 averages + new results

fp./fp+ wm small errors due to
. + physical light quark masses (/o))
+ improved charm-quark action
fD+ — + ensembles with small lattice spacings
EK(O) I + PCAC or NPR
f T(0)
Ei -« * First results for D mixing bag parameters
D

(all five) of local operators by ETM (2013,
2014) np=2,2+1+1

0 | 2 3 4
error in %

e work in progress:
FNAL/MILC (J. Chang thesis), see backup
slides
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