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P> Three main topics discussed here

Disclaimer: Charm Physics
is very rich and broad!
Won'’t cover anything on
charmonia, rare decays,
production & spectroscopy

B Direct CPV
Bl Indirect CPV

B Measurements of | Veq|

P> Emphasis on the latest results, no details on any analysis

P But certainly the fun continues in the charming working
groups!
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Introduction

.. Charm mesons and baryons play an important role in studies
of weak and strong interactions

. Masses () (2GeV) = theoretical challenge for description of
hadronic transitions

. Unique environment with up-type dynamics (e.g. oscillations)

L Tiny expectations of CP violation and FCNC processes =
excellent for New Physics (NP) searches

I Many studies in charm as important inputs for the b-physics
sector (v, | V|, ete)
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CP violation in Charm

B The well know CKM matrix does not have charm as a
protagonist for CP violation:

1 = )\2/2 o )\4/8 )\ A)\g([) = 277) °-°°3:;;;m;,;h;;,;.;u ARRRES 6' "7 A 5
A A(2-p-in)  L-NR-M(1H44Y8 AN Il at
ANVI-p-in)+AN(p+in)[2) AN+ AN12-p-in) 1-ADNY2 | | (f; ________________________ _
B A very squashed unitary triangle... %
J p VC 7 = VJS VCS -k jb Vcb == e 0000 p ST TRRET e
A A A

B CP violation appearing only through mixing and/or in
Cabibbo-suppressed modes

 Level of CP violation in the SM hard to estimate. Expected asymmetries (?(10°)

« NP can enhance expectations. But should really reach (?(10%) or higher ....
otherwise hard to disentangle from CKM mechanism!
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B The well know CKM matrix does not have charm as a
protagonist for CP violation:

1 = )\2/2 o )\4/8 )\ A)\g([) = 277) °-°°3:;;;m;,;h;;,;.;u ARRRES 6' "7 A 5
A A(2-p-in)  L-NR-M(1H44Y8 AN Il at
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B A very squashed unitary triangle... % _:
J p VC 7 = VJS VCS -k jb Vcb == e 0000 p ST TRRET e
A A A

B CP violation appearing only through mixing and/or in
Cabibbo-suppressed modes

 Level of CP violation in the SM hard to estimate. Expected asymmetries (?(10°)

« NP can enhance expectations. But should really reach (?(10%) or higher ....
otherwise hard to disentangle from CKM mechanism!

LOOK EVERYWHERE!
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Direct CP violation



Direct CP Violation: 2-body

B Occurs when A(D — f) # A(D — f)
B In any case, necessary to have at least 2 interfering
amplitudes with both weak and strong phase differences

B In two-body decays, direct CPV is searched for through time-
integrated asymmetries

B f) S PD o)
TR e e =

¥ In the Standard Model, direct CP violation in charm appears
in Single-Cabibbo suppressed (SCS) decays

CP

d,s u

d,s

u

O(A) + 10O(A%) i O(A%)
Carla Gobel 6 CKM 2016, Mumbai Nov 28-Dic 2



0 i b v o

DV — K"K and &'

¥ Reminding the famous actor AAcp
AAGE —Aar (B Rl Ao (P e

B AAcp is mostly a measurement of direct CP violation:

Aa%if) S ’Af|2 = ’{lf|2
Ag|? +|Af]°

¥ 2016 came with the awaited update
on D*-tagged sample from LHCDb from
the full 3fbl LHCb, PRL 116 191601 (2016)

AAcr = (-0.10+0.08+0.03) %

™ and followed with individual results
LHCb, ArXiv:1610.09476

Acr (KK) = (0.0410.12%0.10) %
Ace (1) = (0.07£0.14+0.11) %
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DY— K'K-and '
¥ Reminding the famous actor AAcp

B AAcp is mostly a measurement of direct CP violation:

Aa%if) S ’Af|2 = ’{lf|2
Ag|? +|Af]°

¥ 2016 came with the awaited update
on D*-tagged sample from LHCDb from
the full 3fbl LHCb, PRL 116 191601 (2016)

AAcr = (-0.10+0.08+0.03) %

. and followed with individual results s o0 '( | o) 507
Acp(m ) [%]
LHCb, ArXiv:1610.09476

Acp(KK) = (0.04t0.12+0.10) % Good news is that sensitivity has

reached 10 in a single mode
Acp ("") e (0'0710' 1410. 11) % Bad news that there are no news
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T'ime-integrated asymmetries

¢ Bhardwai, WG Twesday | DO—Vy Belle
D°— K. K- : Belle CONF-1611 ArXiv 1603.03257

CONF-1609 ArXiv 1609.06393 *Radiative decays sensitive to NP
(chromomagnetic dipole operators)

CP violation should be enhanced even

through CKM only. Upper limit 1.1% Acp(D°—cpy)= (-9.4 +6.6 £0.1)%
Nierste & Schach Phys. Rev. D92, 054036 (2015) Aco (D° %K*Y)= (-0 2 +3 0 +0 0)%
Belle measures Acp (D°—py)= (5.6 £15.2 10.6) %
Acp = (-0.02 ¥1.53 +0.17) % f
L ‘
+ Tobe compared to therecent LHCb P*— Ks 1 K' (110) BESIII

JHEP 10 (2015) 055
Acp=(2.915.2 £2.2)%

-1.54+28 £ 1.6

D', > 1’ 1 LEHCD 14 +4.0+24

LHCb-PAPER-2016-04 (3)(9’ i j? i iz
Acp(D*) = (-0.61 £0.72 +0.55+0.12) % —

Acp(D*:) = (-0.82 +0.36 +0.2410.27)% D*— Ki, €*Ve PRD 92 (2015) 112008

Acp (DY) = (-0.59 +0.60 +1.48)%
_WG7, Tuesday
.{ M. Gersabeck - _

Carla Gobel 8 CKM 2016, Mumbai Nov 28-Dic 2




T'ime-integrated asymmetries

v. Bhardwai, WG Tuesday | DO—>Vy Belle

D°— K. K- Belle CONF-1611 ArXiv 1603.03257
CONF-1609 ArXiv 1609.06393 *Radiative decays sensitive to NP
(chromomagnetic dipole operators)

CP violation should be enhanced even

through CKM only. Upper limit 1.1%
Nierste & Schach Phys. Rev. D92, 054036 (2015)

ph 0.3 £2.0 £0.0) %
Belle measures gt B 115.210.6)%
Acp = (-0.02 £1.53 +0.17) %" _ P
© To be compared to the rege»" 2 K K BESIII

-1.5+28+£1.6
14+40+24
3.0+£32+£1.2
-094+4.1+1.6

Acp(D*) = (-0.61 +0.72 +0.55+0.12) % ~

Acp(D*:) = (-0.82 +0.36 +0.2410.27)% D*— Ki, €*Ve PRD 92 (2015) 112008

Acp(D*) = (-0.59 +0.60 +1.48) %
_WG7, Tuesday
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Direct CP Violation: Mult-body

® In multi-body decays, CPV can be studied through the phase
space: local asymmetries larger than integrated ones

2 Direct comparison of distributions: just a yes or no
Miranda method, Energy test

2 Model-dependent amplitude analyses -> direct access to phases
2 Triple-product asymmetries (4-body, baryons):
Cr = p3 - (p1 X P2) = CP(Cr) = —C(Cr) = —Cr
¥ Rich environment, many potential (SCS) channels:
D" KK'nmt Dst— nmmK+ N — P KK

D*— it D°— K Knm+ AS—prnmt
Dsi's— KKK D°—nmnnmnmt etc ...

B Also important for y measurements in D° decays (see later)
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Direct CP Violation: Mult-body

+ e ° it 2 °
DO - Kgs K*mr*Dalitz D° —m 't amplitude
analysis LHCD analysis
PRD 93 (2016) 052018
e d'Argent et al, CLEO data legacy
A(Fit fraction) [%] preliminary , shown at CHARM 2016
Resonance GLASS LASS 0 - £ -
g o B As DO =K m*n 1, can provide
D’ - KK )
K*(892)* 0.6 4+1.0+0.3 09+1.0+0.3 lmportant lnput for Y in B— DK
K*(1410)f 14+08+02  12+16+02
(Kon)f. . 1+4+3 234354133 -
T (892)0  —0.43 £ 030 £0.03 047 £ 0.29 = 0.03 Dgcay mode . A (%]
K (1410 03+£1.0+0.1  04+07+0.1 DO 7 7T+31(1260)_ 2.0 £ 3.2
(Kn)llowe 22413404 26422404 D — 7™ 21(1260) 6.8 +13.2
a,(1320)~ —0.20 + 0.13 £+ 0.05 =0.15 £ 0.10 = 0.05 D” — =~ m(1300)* —7.4+8.0
ap(1450)~ -0.0+04+04 —04+04+04 D° — 7w 7(1300)~ —9.6 +£16.5
p(1450)~ 0.34+0.7+0.6 —0.3+0.7+0.6 D° — 7~ a;(1640)" 7.8+ 125
D’ — KsK*n D° — 7~ m,(1670)* 6.7 + 14.0

K*(892)- —-1.1+0.7+02 -094+0.74+0.2 D° = & fo(1370) - 87+45
K*(glél»l())_ 0.62:f::t267:t:’c62.4 —i ::ft: gi é DO gy ,0(770) 26.3 + 15.2
(Ksm)smave N D° — p(770) p(770) —46.7 + 34.0
K*(892) 04+04+£00 —0.4+04+0.0 pO[p 270\ (770 91+79
K*(1410)° 19+1.1+02  1.6+08+02 0[ ] = p(770) p(770) - :
= - Y- D°[D] = p(770) p(770)  —7.9+83
ao(980)"  22+28+24  46+33+24 D" — £(1270) £(1270) —28.7 +20.7
ao(1450)* =021 +£030+023 —0.4+0.440.2 D° - ntm—mtm™ —5.54+33
p(1700)*  —=0.07 +0.25 +0.19 —0.27 £ 0.27 £ 0.19
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DV -1

Energy Test LHCD B F.rom. simulation, sensitivity for CP
[.HCb-PAPER-2016-044, in prep violation at least 30 found to be
; ; TS : e ~4-5% in amplitude
2 Unbinned, model-independent method to e ~ 3-4° in phases
search for local CP violation e assuming main contribution
. : coming from ai(0°7t)7t and %?°
B Pioneered by LHCDb, alternative for the et : A

binned (aka Miranda,) method
D° -1, PLB 740 (2015) 158

n - | L B '| L DL 7
'§60 -~ LHCb preliminary (@ 4 -
EF :

B Construct a test-statistic T used to CP even

compare the average distances of events - P
in phase space o (4.3
= T
wl] wlj w’L]
I'= Z nn—1) Z nm—1) Znn o X10°
w>z w>z 216f
é L4 ‘Iﬁi(ljltr)nlnary
& Two tests: ol

[u—y
TTTT

marginally

S
[

» compare D°and D° CP-even

o o
&~ N

¢ consistent with }
! CP conservation ]

» compare Cr>0 and Cr<O CP-odd 3
(triple product)

(@)
8}

m(7,7,)[MeVic?]
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Mixing and Indirect CGP violation



Mixing and Indirect CP violation

B Mixing in the up-quark sector only occurs for D meson
already firmly established

& Both short- and long-distance effects contribute:

Short Range e
C > ¢ > u D1>:pDO> qDO>
d,s,bY Ad,s, b 0 0

— — . Doy=pD) ~4| D7)

7%

Lo m_m1—|-m2 F_F1+F2
Long Range oK t = 2 ’ G 2
D'—> O—Eo

= Am AL
- Lty ieiop
o,

& Indirect CP violation with very modest expectations in the SM
? Occur if |q/p| #1 or ¢ =arg(q/p) =0

¥ CP violation observables in mixing/induced: Ar, ycp
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Indirect CP violation: fundaments

I Two CP-related observables: Arand ycp
B With still no sign of direct CP violation in D°—KK,rm at ((109),

Arprimarily probes indirect CP violation:

CP violation in interference

)rod

A

B2 (e (]
(DY — f)+T(D° — f) 2 [\|p q p q

CP violation in mixing

| i .
B It relates to Acp(t) by Acp(t) = alp + adp = with acpind = - Ar

I Again, in the absence of direct CP violation, ycpis given by

7(D° —» K~ n) 1 q p q P :
o e s 2 r o 4 P b e 1
Ycp 7A-( = e _) > [<|p = : Y COS @ - > X sin @

¥ and ycp =y for no CP violation
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DO— Kint

DCS

t
R = R+ BBy (1) +

T

- Incremental measurement with bins with
low decay time from double-tagged events

B—-[D*(D-Kmm ] uwvy

Parameter DT + Prompt Prompt-only
No CPV
Rp[10~7] 3.533 4+ 0.054  3.568 &+ 0.067
2" [1074] 0.36 £ 0.43 0.55 % 0.49
' [1077] 5.23 4 0.84 4.8 +£0.9
X2 /ndf 96.6/111 86.4/101
All CPV allowed

RE[1077] 3.474 4 0.081  3.545 & 0.095
(2/F)°[1074]  0.11+0.65 0.49 &+ 0.70
y'T[1073] 5.97 & 1.25 5.1+ 1.4
R;[1073] 3.591 £+ 0.081  3.591 % 0.090
(z/=)°[1074]  0.61 £ 0.61 0.60 & 0.68
y'~[1073] 4.50 +1.21 45+ 1.4
x? /ndf 95.0/108 85.9/98

e —
Carla Gobel

R
15

LHCDb

-0.2
-04
-0.6
-0.8

{ Prompt
t Doubly Tagged

— No CPV

|||||||||||||"|||||||||||||||||||III IIIIIIIII|IIII|IIII|IIII|IIIIII‘ IIIIIIIIIIIIIIIIIIIIIIIIIII

-.--No Direct CPV
..... All CPV allowed
D-D :
| L
% } It l ...... :
6 3 it

H
=y
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Mixing in 4-body!

DCS
DO—K'mn'm LHCDb /\
PRL 116 (2016) 241801 o S
B DO flavour tagged through D** chain \\Do/é
B Measures wrong-sign (WS) to right-sign(RS) in bins|[ o """
of decay time L | ssp e /
R pe] K3 2 K3 RKST{' / t .CU2 _l_ y2 t 5 ] —
(t)_(TD ) T ( D 'y)__l_ = & :
{7 4 T n 4.5 /+* « Data -
3 %" —— Unconstrained .
+ ‘ - Mixin'g—.constrained _E
y' = ycosdp>" — zsin 5" I S
K3 53 K3 R N S T
W rp", Rp™", 0p° " needed for y in B -D(K3m) K /1
g 350
: L2 - 3. - LHCb + Cleo
I Fit constraining x, y to world averages: ;. ::z_ o
ke R A et Oy A P [ o
3 A ¥ —3 -
Rgi% ) L — (—3.0 = 0.7) Al 150" &
100~
B 50

E....l....Iu..I.H.I.H.I..HI....M...IH..IH..
% 0.10.20.30.405060.70.809 1
vans at al, arXiv 1602.07430 Ry,
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PhysRevD 93 (2016) 112014

- Time-dependent Dalitz plot analysis:
unbinned logL fit to (t, s(1m-1°), s(m*1°))

x = (1.5+1.2+0.6) %
v = (0.2£0.9+0.5) %
DO— Ksn*m LHCD (1fo1)

JHEP 04 (2016) 033

- Model independent technique: uses
info from Cleo-c: yields Ti and strong
phase differences Adp; in Dalitz bins

x = (-0.8610.5310.17) %
y = (0.0310.4610.13) %
* The way to go in the future!

Dalitz modelling adds irreducible
systematics!

Carla Gobel 119/
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PhysRevD 93 (2016) 112014

- Time-dependent Dalitz plot analysis:
unbinned logL fit to (t, s(1m-1°), s(m*1°))

x = (1.5+1.2+0.6) %
y = (0.2£0.9+0.5) %
DO— Ks 1" 1 LHCDb (1Y)

JHEP 04 (2016) 033

- Model independent technique: uses
info from Cleo-c: yields Ti and strong
phase differences Adp; in Dalitz bins

x = (-0.8610.530.17) %
y = (0.03:0.4610.13)% (N

* The way to go in the future!
Dalitz modelling adds irreducible
systematics!
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DY—hVrtr __

V. Bhardwa; , WG, Thursday
DO— monm* m | A WG?, Tuesday | D°— Ks 11* 11- BESIII
i R R preliminary at CHARM & others
- Time-dependent Dalitz plot analysis: - Quantum correlations in
unbinned logL fit to (t, s(m-m©), s('m®)) V(3370) to tag D flavour and CP
x = (1.5%1.210.6) % - Obtain ¢; = cos(Adp;) and
y = (0.210.910.5) % Si = 8Sin(A0p.i)
| - Precision improved wrt to Cleo-c
DO— Ks 1° 1T LHCD (1fo1) | * Fundamental for the GGiSZ
JHEP 04 (2016) 033 method for y - uncertainty due

- Model independent technique: uses to ¢, sy reduced by ~40%

info from Cleo-c: yields T; and strong e 293 MI@ITTIGEY 7 Mode pfedicﬁm’

phase differences Adp; in Dalitz bins v CLEO-c

x = (-0.860.53+0.17) %
y = (0.03+0.46+0.13) %

* The way to go in the future!

2 (GeVaicY)

m

m?2 (GeV2/c?)

Dalitz modelling adds irreducible BaBar 2008 optimal binning F . BESIIpreliminary
systematics! CLEO, PRD 82 (2010) 112006 "0 i80S o0 0 6
| — ————
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Recent results on Arand ycp: Belle and BES

BES III PLB 744 (2015) 339
. 2 Belle PLB 753 (2016) 412
B Quantum-correlated pairs D°-D°
B CP-tagging technique: & Final data set
» one D° CP-tagged (via a few CP B Simultaneous fit to D° — K",
eigenstates) DO—K-K'and D°— 11"

» the other decaying semi-

. : & Fits in bins of cosB*
leptonically (combined Kev and

—] - o= =+
1 ( i BD@HZ) Ar = (-0.03£0.20+0.07) %

& Assuming no direct CP violation, ‘%' & {Q; Jiﬁ T . 5: WT
yep = (-2.011.310.7) % ) * *‘% + ?ﬁ

A (%)

S5t St

B¥ Still statistically limited but 10l ol

should improve with other - - " cos6’ cos 8

channels being added <day
X Ly, . G, TaesP ey
f w@@ Thursday | v shardwah ¥
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New results on Ar: LHCb

B} LHCDb updates D*-tagged Arwith two different techniques

Unbinned Method
L.HCb-CONF-2016-010

& Analysis with 2012 data sample
(Rfb ™)

B Unbinned maximum likelihood fits
to obtain the effective lifetimes

& Per-event acceptance (swimming
method)

¥ Check with control channel
DO—K-1T*:
Ar &M (2012) = (-0.07+0.15)x10-3

& Combine with previous results fron
2011 (1fb1)

~ D r=—
i D" — K"K -
—— Prompt signal
bossccssctccsctcotscatetas oo & ¥
B LHC‘tI) Preliminary | | |

! ! : '
@ Data

—_ 1t —

—— Prompt signal DO — ]'[+ T

Ar (1) = (0.14+0.63%0.15) x10-3

Ar = (-0.07+0.32+0.11) 103

Carla Gobel 19
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New results on Ar: LHCb

B} LHCDb updates D*-tagged Arwith two dlfferent techmques

g 8 83 LHCb prehmmary .
Binned Method < 2 5 —— 3
T 0.00 F- Smiaieesope e =
LHCb-CONF-2016-009 00k 7 E
0-04 + 2012 Up + 2012 Down .
—U. = [ 4 —
o ; 0 2 4 6 8 20|
& Analysis with full data (3fb1) tirn
B Asymmetry Acp(t) looked in bins of ST T
decay proper time gc S 0.00 |- Amtiapmmerasstoapect————— —=
i —0.05 F R
Acp(t) = a%lf;; — —Ar _0.10E 4 2012Up ~+ 2012 Down 3
0 N
B Detection asymmetries are PN {rn

corrected using control channel
DO—K-1*. Ar consistent to zero

ArfT = (0.16+0.10)x10-3 Ar (rim) = (0.4610.5810.16) %103

Ar = (-0.12%0.28+0.10)*103

EE——

Most precise CP violation measurement so far!
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So: There 1s Mixing....

HFAG Status 2016

E’,1 2mcmzo1e R _ICPVaIIowed
=1

CKM 2016

1
0.8}
0_6:._ ...................................................................................................
0.4 A i N W
0.2~
0
d Bio] | ol B ST Y 00
—0.2: B
. : 40 _60 _ .................................. .................................. .................................. .........
_O.GI—illi‘ll'lll{i1ill'lllli£li'-l-1£.50 |_i|||i|||I|||I|||i|||ilk
-06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
X (%) l9/pl

x=0.33+0.14 lq/p|= 0.89.0.07*°:08
y = 0.69.0.07"9-¢ ¢ =(-12.9 5.79:2)°
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... yetno CP violation in mixing

HFAG Status 2016
HFAG’.‘D‘W.L’H‘ Illlllllllllllllllllllllllllll A
CHARM 2015 CKM 2016
" .I 0.732 + 2.890 + 1.030 %
SIL1999 i 1 'l ) ’ Belle 2012 % | o | ; -0.030 = 0.200 = 0.080 %
3.420 = 1.390 = 0.740 %
_ 2012 0.088 = 0.255 = 0.058 %
CLEO 2002 } % - % { -1.200 = 2.500 + 1.400 %
Belle 2009 H 0.110 = 0.610 = 0.520 % 0120 = 0120 %
LHCD 2012 H 0.550 = 0.630 = 0.410 %
LHCD 2015 u tag }_._{ -0.125 +0.073 %
Belle 2012 H 1.110 = 0.220 = 0.110 %
0.720 = 0.180 = 0.124 % LHCb 2016 D™ tag H -0.013 = 0.028 = 0.010 %
BESIII 2015 P_._,_{ -2.000 = 1.300 = 0.700 %

Wl averige H 0.835 + 0.155 % World average H -0.032 £ 0.026 %
J.lllllllIlllllllllllllllll lllllllllllllllllll.Ll II|IIII|IIII|IIII|IIII|IIII|II
43210123465 02 -01 -0 01 02 03

Ycp (%) AL (%)
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and no Direct CP violation

HFAG Status 2012
o 0.02 —
°c z AA., BaBar
m ICHEP 2012 ” CP .
< 0.01 5 K AA; Belle Prelim.
- X £ AA, LHCb
- f,s 7777 AAp CDF Prelim.
0.01 — ’z’ S A, LHCb
- zg XX A, BaBar Prelim.
0.005 — ,03 S 7] A, Belle Prelim.
) i X
- 3
X2
S

HFAG Status 2016

-0.005
-0.01} BN
-0.015 3:2
CL =2x107° A
0020l il 1N NN v a—— i I
-0.02 -0.015 -0.01 -0.005 0 0.005 001 0.015 0.02
amd
HFAG Status 2014
~a 0.02
'Umo May 2014 iﬁcp g?ﬁar |
< 0.015 B MGy COF |

BSSSY) AAp LHCb prompt prel
FZZZ AAcp LHCD semil.

|

A LHCb 2010
0.01 =X A; BaBar
S AL LHCD KK
0.005 A, LHCb
0

-0.005 -
-0.01

001501, = 5.1%
_002 I....I....I.k A . .

-0.02 -0.015 -0.01 -0.005 O 0.005
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CKM elements: Vg and Vs

¥ Charm leptonic and semi-leptonic decays enable the
measurement of CKM elements |Veq| and | Ves|

G m; \ d[(D — Ply,) G2V, |
B(DF — ¢ty,) = =L 2 1y |2 21 - ¢ () YFIVeql 3 2\(2 i 2
(D ve) = <=0, I, [Veal M, mj ( m%) Pdest — 3o p* | f(¢7)|" sin b

I Theoretical input is necessary: decay constants fps, fpo and
form-factors .57 (q?=0) = coming from Lattice QCD

B Fundamental for precise test of CKM unitarity in the second
POW

Y More recent (< 8y) experimental activity comes from BaBar
and BESIII (important increase in precision)
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CKM elements: new results

BES III

D's —u(v)v PRD 94, 072004 (ZO%MQ’ WGy, Tuesq
B(D*s — 1*vy) =(0.517 £ 0.075 £ 0.021) % 4
B(D's — T'v:) =(3.28 £ 1.83 £ 0.37) %
D' — u'vy PRD 89, 051104(R) (2014)

f0:|Vea| = (45.7511.20£0.39) MeV

1, Tuesday
DO — M etV PRD 92 (2015) 072012 L"Y.. znend, WG

£.7(0) |Vea| =0.1435 £0.0018 £ 0.0009  D* — Kr%+Ve PRD 92 (2015) 112008

DO — K e+Vv,
£.£(0) |Ves| = 0.7172 £ 0.0025 + 0.0035

£.X(0) |Ves| =0.728 £ 0.006 £ 0.011

DO — metv, BaBar rrp o1 (2015) 052022

£.7(0) |Vea| = 0.1374 £0.003810.002210.0009
| Vea| = 0.206 £ 0.007exp % 0.0091.q0p

e — ———
Carla Gobel 26 CKM 2016, Mumbai Nov 28-Dic 2



Vedand Ve status from FLAG

S. Aoki et al., arXiv:1607.00299

- PDG (R016) averages for lept. decays
- HFAG (2014) averages for semi-lept.

FTAG2016 |ch| | | Vsl |

E‘ FLAG average for N,=2+1+1 HEH

:1_ —l ETM 14E -

I FNAL/MILC 14A ™~

z

. FLAG average for N;=2+1 r USGS:

E‘ —— HPQCD 11/10B i

[l — HPQCD 12A/10A HEl-

2| — FNAL/MILC 11 —

yQCD 14 +r+

cal . m| FLAG average for Ng=2 - deoa‘ys

Z| . = ETM13B —

[}

O

% —@—— neutrino scattering

n ° CKM unitarity °

C

€7 020 022 024 0.95 1.05

from Ref. Vedl V]

Ny=2+1+1 fp & fp, 0.2164(51) 1.008(17)
Ny=2+1 fp & fp, 0.2195(61) 1.004(18)
Ny=2 fp & fp. 0.2207(89) 1.004(32)
Ny=2+1 D — wlv and D — K/lv 0.2140(97) 0.975(26)
PDG neutrino scattering [25] 0.230(11)
Rosner 15 (for the PDG) CKM unitarity 2] 0.2254(7) 0.9733(2)

Carla Gobel

P

a few 20 tensions when
compared to values
constrained by CKM
unitarily

CKM 2016, Mumbai Nov 28-Dic 2



CKM elements: status from HFAG

August 2016
D — Ly, e 0.2164 4 0.0050 4 0.0015
D — mwluy et 0.2141 £ 0.0029 + 0.0093
Average o 0.216 + 0.005
44
vN —e— 0.230 4+ 0.011
Indirect o 0.205201"5 ¢
0.15 0.2 0.25 0.3
I Vcdl

August 2016
' D. — (1, -eo— 1.006 & 0.018 = 0.005 {
D = Ktv,  —io— 0.967 + 0.005 =+ 0.025
 Average heH | 0.997 +£0.017
DS — EVe +D — KEVE ) '
® T0.32
W — 3 0.9479% +0.13
- Indirect ¢ 0.973394 300000
\ l \ l l
0.85 09 0.95 1 1.0 1.1 1.15
|Ves|

Updated with most recent results from BaBar and BES III
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... not to forget: Baryons

¥ Charmed baryons can provide important information on
weak/strong dynamics in general, complementary to that from
D mesons

¥ In particular, in the CKM context,
2 Input for Ap physics (including Vup)

2 Search for CP violation in the SCS decays A" — p '~ and A." — p K'K-

" News from Belle and BES III: BES III arXiv:1608.00407

o Measures A:"— p ' and
A:"— p KK~ BR relative to
Ac+ = pK+TT_

Belle PRL 117, 011801 (2016)

& 1t observation of the DCS
As = p K- BES III PRL 116 (2016) 052001

112 A" BF measured, including
At — p K~ used for
normalisation

T
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Conclusions ...

Mat Charles
Charm plenary @ CKM 2014

Futurology ]
CKM 2016: |

* LHCDb will be the main game in town.

. _s.
Q..
.

i e Data on tape will be worth about a
factor 2 more than today.

* Hopefully all Run | analyses finished. ’
Notable absences today include: ~ 

*ycpin D? = h*h~
* (x,y) from D% = Ks h*h~ ,
® Some early Run Il charm analyses ‘

* Solid improvement but not statistical
jump w.r.t. today

* More input from BES-IIl, especially for ;.
D% = KSh*h™? |
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Conclusions ...

Mat Charles "
Charm plenary @ CKM 2014

Futurology
CKM 2016:

* LHCDb will be the main game in town. @

* Data on tape will be worth about a
factor 2 more than today.

* Hopefully all Run | analyses finished.

Notable absences today include:

from BESIII & Belle
. 0 +L— N\
*ycpin D” = h™h but not LHCb X

* (x,y) from D° = Ks h*h™ 1!
® Some early Run Il charm analyses

* Solid improvement but not statistical |
jump w.r.t. today

* More input from BES-IIl, especially for
D% = KS h*h™? e
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Conclusions ...

Mat Charles
Charm plenary @ CKM 2014

Futurology ]
CKM 2016: |

* LHCDb will be the main game in town. w

B Since CKMR2014, there were
really a number of interesting
results in Charm Physics!

. _s.
.

¥ Special mention to

2 LHCDb runl completion of Ar

- * Data on tape will be worth about a and AA
.‘ CP

factor 2 more than today.

* Hopefully all Run | analyses finished. ? 15t observation of mixing in a

jump w.r.t. today

absolute BF’s of A. decays

for BESIII & LHCb synergy, see LHCb-PUB-2016-025

® 1}
N;;:?:‘e;f o ?S%E%%%}C%eue | #body decay (LHOD)
| e(xy)fromD? = Ksh*h™ 1m0 @ P> Still some nice results from
: * Some early Run Il charm analyses | BaBar and Belle!
* Solid improvement but not statistical | 9 BESIII efforts on K, |ch|

* More input from BES-IIl, especially for ;.
D% = KSh*h™? J
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...and what’s next?

& For a few modes already reaching 103, the observation of CP
violation will no longer be a sign of New Physics

& Yet, specially for direct CP violation, we do not know where it would
appear first, either due to SM or NP a

LOOK EVERYWHERE!

& Various analyses still in the oven with current data)!

& Next couple of years will witness fresh data from LHCb and BES

&0 ... and soon Belle & comes into the game

70
2 ;
T e detcions g o /
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