Measurements of the
CKM Unitarity
Triangle Angles
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Overview

* Introducing the triangle

* The experiments and datasets
BABAR/Belle
LHCb

* The measurements

Angles

Sides

Of interest but improvements largely theoretical rather than
experimental
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Omit in the interests of time

Other triangles
* Outlook
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CPV IN THE STANDARD MODEL
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CKM matrix Vo Via Vi |07

N (u c t)|Vy Vo Vyulls

* Extension of Cabibbo’s two V. V.V b

by two mixing matrix td T T JAE
Kobayashi and Maskawa

proposed third generation Relative magnitude of elements

to explain observed CP
violation in kaon decays

* 3 x 3 unitary complex
matrix

4 parameters
3 mixing angle and @
* Intergenerational coupling\
distavoured Responsible for

CP violation

LN
—
S~
(9]
~
~
i
=
x
<
>
(%]
=
RS
2
©
O
=
(%]
=
(%]
>
4=
(a1




Wolfenstein parametrisation -
the path to the triangle

1-1%/2 AL |+O0(1
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The goal: over constraint
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The context of flavour

* Overconstraint of Unitarity Triangle is an important indirect
test of the SM

* This is an intensity frontier pursuits
* Complements searches at the energy frontier......
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The context of flavour

* Overconstraint of Unitarity Triangle is an important test of the
SM

* This is an intensity frontier pursuits
* Complements searches at the energy frontier......

~
—
~~
Yo}
~
[
N~
—
(@)
o
Y4

-

©
©

C

©
O

* “Accurate and minute measurement seems to the non-
scientific imagination, a less lofty and dignified work than
looking for something new. But [many of] the grandest
discoveries of science have been but the rewards of accurate
measurement and patient long-continued labour in the

minute sifting of numerical results”, Lord Kelvin, 1872
Reminded of this recently in A. Hoecker arXiv:1611.07864 [hep-ex]
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EXPERIMENTS AND DATASETS
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QBABAR o
ete~ B-factories

Belle Detector
. SC solenoid Py ™ yéerogelnglgi'gillkggfocnt
Operation from 1999 to 5T <@
CsI(TI
2009 (BABAR)/2010 (Belle) 6%,
— = TOF
ete™ - Y(4S) — BB for = e ¥ S
CKM measurements 8 GeV ¢t 2@ g
Asymmetric energy to allow A 5
time-dependent Si vx. det. 1 /'K, detection <
14/15 lyr. RPC+Fe S
measurements - ) :
O 0 1200 | [ [ ! ! | l OHIZS})I?::ICG:
Coherent production of B~ B e o
1000 |- [ [ | ‘ Y(3S): 3 fb !
Low multiplicity ygfzizzszﬂf.;
800 - AL :
Detectors with good tracking, _ oo

PID and calorimetry

plus hermeticity for full
event reconstruction/tagging

r 513.7 £ 1.8 fb™!
On resonance:

400 - 1 Y(4S): 424 fb!, 471 M

Y(3S): 28 fb!, 122 M

Y(2S): 14 fb ' 9 M

Off resonance:

48 fb!

[10])

0 | |
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1




Exploits large cross
section for bb
production in the
forward region of pp
collisions

All b-hadrons produces with large boost i.e. B,
and A,
Warm dipole which can be reversed in polarity
Excellent tracking and vertexing
PID over a large range of momenta
Two stage trigger: 12.5 kHz rate to tape
Run 1 and 2 data sets
1fbt@ 7 TeV
2fbt@ 8 TeV
2 fb™! sofar @ 13 TeV

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

S L .
12.5 kHz (0.6 GB/s) to storage
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B—DK

* Tree-level determination y

A W_V . - Aerei(% ~7)
b X c b ; Vub DO
B—O Ve ODO B—O W 5
u a s

- Same final state for D and D = interference = the possibility of DCPV
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* Four types of D final states generally used
CP-eigenstates [GLW]
Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991)
K*X~ (X~=n-, ®= n° wn~ ©*) - CF and DCS [ADS]
Atwood, Dunietz & Soni, PRD 63, 036005 (2001)
Self-conjugate multibody states: K;h*h~ [Dalitz/GGSZ]
Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished)
None of the above (SCS): K;K*r ~ [GLS]
Grossman, Ligeti and Soffer, Phys. Rev. D67 071301 (2003)
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Atwood-Dunietz-Soni (ADS) Method

PRL 78, 3257 (1997)

/DK e
<D — Ktn >

— =Tpe - ADS K'wK
D — Ktr~ D\
- - ~0.06 rBe}fé\’?"’[_)K—)

B~ — (K at)pK™) o 1+ (rgr8™)2 + 2rgr&7 . cos(dg — 657 —~) (1)
(B~ — (K™7 )pK™) oxrg + (r5™)* + 2rpri™ - cos(6p + 05" —7)| (2)
I'B" — (K'7 )pK") oc 1+ (rgrE5™)2 + 2rprE™ . cos(dp — 687 + ) (3)
(BT — (K 7aM)pK™) ocrg + (r5™)2 4+ 2rgrf™ - cos(dp —|—+ 7)) (4)

f(D) = non-CP Eigenstate (e.g. K*n)
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« From counting these 4 rates, together with those from CP eigenstates
(KK,zx), a determination of y can be made

» Can determine 0y from rates but external constraints improve
precision conS|derany
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arXiV: 1611.03076 [hep-ex]

LHCb y COmblnathn accepted by JHEP

e Bt 5 DK*. D — hth~, GLW/ADS, 3fb™"

e Bt - DK™, D — hta atx™, quasi-GLW/ADS, 3fb!

e BY - DK, D — hth™ 7", quasi-GLW /ADS, 3!

e BY - DK+ D — K!h*h~, model-independent GGSZ, 3fb™*

7/6/17

e BY 5 DK* D — K'K*r~ GLS. 3fb™!
e B> DK*n—, D — hth~, GLW-Dalitz, 3fb™*
e B DK D — Kta—, ADS, 3fbh™!
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e B'= DK*', D = K77, model-dependent GGSZ, 3fb ™!
e Bt - DK*nta~, D — hth~, GLW/ADS, 3fb™!
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arXiV: 1611.03076 [hep-ex]

LHCb y COmblnathn accepted by JHEP

e Bt 5 DK*. D — hth~, GLW/ADS, 3fb™" w 02 - T - | ; T

DK
y

e Bt - DK*, D — hta~nTr~, quasi-GLW/ADS, 3fh~! 015

e BY - DK, D — hth™ 7", quasi-GLW /ADS, 3! i

e Bt = DK*, D — K'hth—, model-independent GGSZ, 3! 0.1 S
= Yo}
o BY - DK* D — K'K*r~, GLS, 3fb ! Josl N
. ' I~
e B> DK*n—, D — hth~, GLW-Dalitz, 3fb™* : S
1 1 1 v
o B"— DK, D — K+, ADS, 3fb" % %0 100 50 5
Y [°] =
e B'— DK*', D — K77, model-dependent GGSZ, 3fb ™! S

e BY - DK*tgta=, D — hth™, GLW/ADS, 3fb™" B —DK™. D—h3n/hh'x

L F . =1 N
L ] B-ﬂ — D-ﬂ Kﬂ:? tl[ﬂﬁ-depﬁﬂdﬁﬂt, lfb 1 B %DK-'__ D—}Kg}!;!
B ™—DK . D—KK/Kn/nx

A// — (72 2_|_6 8) - All B” modes

Most precise single experiment determination
...but still a long way to go
Other loop based measures predict to 1 deg.
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Charm inputs to determine y

Decay Parameters Source

D D°-mixing Tp, YD HFAG

D — Kta~ riT, 687 HFAG

D — h*h™ Al Adir HFAG

D — K*nFqata= §R3m jRsm pKox CLEO+LHCb
Do rtante  Fo... CLEO

D — K*g¥Fqa0 oR2m R pRam CLEO+LHCb
D — hth 7" Fo 0, Frpno CLEO

D — KOK-7t  §psim sk plskm CLEO

D— K'K—at  rpshT LHCD

3 350

S 300 CLEO K3rmt Evans et al

K3n
D

250
200

)

50

% 0.10.20.304050.60.70.80.9 1

e T

Phys.Lett. B757 (2016) 520

Without these measurements
LHCb combination has double
the uncertainty!

Strong phase differences
between D and D vary over
phase space but can be
determined in quantum
correlated Y(3770) decay

Measurements made with
0.8 fb~1 CLEO-c data

BES Il already has 2.9 fb~* and
will collect 10-20 fb?!

Key ingredient of a future 1
deg. measurement of y
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Kowolski: Physics Coordinator
~. Rico: loose cannon!

/ (every exp. has one)

7/6/17

Private:
Graduate student
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Skipper: Spokesman
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LHCb-CONF-2016-018 (Run 1 3 fb?)

W _
" b }J\n‘? ) d, 3

By—hh

w d,3 d
* Sensitivity to y but potential i _
for new phVSICS i, s - i, & d, 5 - i, &
contributions with presence T ~
of the penguin (P) diagram . i M) b e dlS) Q
-ré gw . .
T T t 4
(7) . 5 (&) A e D
u, o, f W

N~
—
o
N
2
—
©
©
c
©
O

 \
=
(o)

—




S

LHCb-CONF-2016-018 (Run 1 3 fb?)

B(S)—>hh e

e : w+ ds I
* Sensitivity to y but potential i _
) P

for new physics .
contributions with presence *’ T
of the penguin (P) diagram

7/6/17

d(5) é g

* Combine B4 »>mut and B.->KK et
measurements to reduce
QCD uncertainties — U-spin
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0.8

0.7

* CP violation comes directly |
but also from the 05
interference between mixing S04
and decay — time-dependent 03
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measurement 0.2] ,;é’,;":/ :

010 20 30 40 50 60 70 80 90 100 110 120
7 [deg]

0.0,




Observables

Observables are the time-dependent asymmetries of the
B> n*n and B2 K*K

A(t) _ FE?SJ—)f(t) - FBESJ—?f(t) =@)5 (&md(sjf) (&md(ﬂ)t) §
Fﬁ?sj—a‘ _f(t) + FBEL;,—H‘ (t) cosh (ﬁizﬁ”ﬂt) : inh (M—;@lt) -
CPV from mixing/decay ' %
nterference CPV in the decay g
2 2 AT |2 3
S = 2ImA o 1 —|Af[? ‘Cf‘ +|Sf‘ +|AJf | =1
Af2+1 RN TNPWE

q Af . q;’p__is related to the neutral B mixing
)‘f — —_ < « A/Ais the ratio between the CP

p Af conjugate decay amplitudes

(2]




Measurements
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Measurements

S5 Pion

5SS Kaon Signal Deca
PV SS Koon NNet i mseicrieg
SS Proton
. SS Pion BOT
" p
Same Side
4 r

Opposite Side

7/6/17
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Measurements

S5 Pion

S5 Kaon O
= SS Koon NNet il btz
SS Proton
‘ SS Pion BOT
Same Side
i .V Opposite Side

N~
x5 Q
b—c

OS b XI” k

taggers 5 Vertex Chargs 0 _

'gg 0S Charm ' C 8

(@]

4

E

©

C

S
‘i! | n rt' I:"2: I

= LHCb Prelimi £ |
gEﬂﬂﬂl— iminary :En'ﬁ-— LHCb Preliminary :
2 : 05 KK 15 a4t i
‘:: B Elah Ig ﬂ'.‘lE :
£ = 0.05
§ 20001 | B3 :5 : :
1

w i i .aﬂndarhhﬁ I ‘—// I
| 0085 el
1000 Comb. bkg. g I
I | 0150 I
I S—
95 5.2 54 ''56... 58 i 0.05 0.1 0.15 0.2 0.25 0.3 n_ssl

(t-t )mod(2/A m,) [ps]

A e e e

My, [GeV/c?] " =«-..



Measurements

oy SS Koon NNet
SS Proton
SS Pion BOT

Same Side
P .' Opposita Side

b—e

% i
2 3000 :
e | U 236 i [J 062 !
§2000f- 0.216 +0.062,| - !
5| :
] —0.751 £0.075.| T 1

|

statistical error only ]
m‘*"""“ I %% 005 01015 0.2 0.25 0.3 n'.lasl

o [GOVIEH . i___io _____E?fi"fi"i“_‘"_'i“’_j

b XI”

taggers 0S Vertex ','l»"-:\*. OS Muon
gg 0S Charm . US Electron

=

“.'::v i' aon
5 . 08 K. NNet

/' §

5.30 significance
for time-dependent
CP violation in By

First observation!

Interpretation fory
to follow

7/6/17
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3 - the golden mode




The Golden Mode

0 i _
B° — J/wK_ sensitiveto: i :
VEios c S/
* cb \
ﬂ:arg(_mJ PR
* VCS
thth 3 N
CP violation in the ‘interference of d a4 K3 e
mixing and decay amplitudes’ B° — Jjip KO ~
Vie@ Vi b c 2
d +— —W——>_ b Vcb‘\ c ‘]/d) _(gu
\ (@]
w7 e
B Vv
— W — [6F]
b —a—t — e -
Vip td d d Bs

F[I§°(At)—> f]—F[BO(At)—> f]
Aer (A1) = r[B°(At)—> f |+ B°(At)— f |
INnSM S, =7, sin2p and C, =0 when no CPV in f
n, = CP eigenvalue of f

=S, sin(AmyAt)—C, cos(Am,At)

(7]




Comparison of measurements

. . , )
Sln(ZB) = S]n(zq)l) & fnoenaS;lSJtreerr\sz:tr:ongstt e

PRELIMINARY
BaBar ! ! : 0.69 +0.03 + 0.01
PRD 79 {2009) :072008 i E -: Systematics largely derived
Egg%ﬁ}%ugh 112001 ., 089£052+0042007 | from data control samples o
BaBar J/y (hddronic) Kg 1,56 +0.42 +0.21 =
EF‘E 89 {20941‘ 052001 : The SM prediction excluding S

: : : 0.67 + 0.02 + 0.01 : .
pgl_e-}ﬂg {2012} 171802 ' L - this measurements is %
ALEPH : o :3 084710186 +0.034 k=
PLB 492,259 (2000) " = ‘ sSin 2,3 0.771 0,032 S
OPAL " i P 3.20 "380 + 0.50, ,
EPJ C5, 379 {1993} : i | * [CKMFitter]
CDF : : L 0.79 "o
PRO61,072005(2000 | T I | | Control of Ioo /penguin
LHCb ’ : L 0.73+0.04 +0.02 L 'p PENg
arXiv:1503.07089 : : contribution important
Belle5S : i : 0.57 +0.58 + 0.06
PRL 108 (2012) 171801  } *f . Iy
Average | 0.69 +0.02 SM  ~W, C

S

-2 -1 0 1 2 3 B t.c,u K




Tree level measurement

* Another avenue is to measure sin2[3 with a tree-level only final
state

—er 0 ho. hD—,,.[D _

JI“T], ) n:“n, Q)
Leading : Tree Sub-Leading : also Tree
No complex phase V,, has complex phase,
iIn decay amplitude but it is within the SM, to be

under control.

. DO/F to a CP eigenstate i.e. KK~ or self-conjugate final state
such as KO-

* Branching fraction is limiting factor
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PRL 115, 121604 (2015) ﬁBABAR

Combined B factory analysis

* First analysis of combined 160 e 160 s
Babar and Belle data sets wor (a)BB 1 ' (b)Bele
. Il ~ 1201 1201
c?rrr(ispondlng to 1.2_b||||on ¢ |
@ + 2 3
* Reconstruct: S T >08+31 18" J’ =
B > DY, W’ =710 " g Lo T b“ =
D - K%, K @, K"K~ AR I IR T >
S ! S ! 0 5.-.'21 {.-i23 (Gﬁiz‘&f 2).’:.I2T ;.29 v 5.:21 f{lzs (dﬁt_:jf 2-);.-._7 -g
* My, (GeVic I, (GeVic S
D — D(Koﬂ'o)ﬂ'o o
o af caememmrosm T ]
* > 50 significance of CP il 413 < 1051 @ B Fam=t
violation . Al
E a combined
sin23=0.66+0.10+0.06
. . E": . | [ 30 J
* Very interesting measurement g ™ _
for Belle 1l 5=0.02 2 = |

o
Fatg =]
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PRD 94, 052004 (2016) 2_5;
BY—>D(Ktr)h

on

.

* Knowledge of average
strong phase difference D
to D in bins of the Dalitz

m2(K"n) (GeVZ/c?)

M2

—

. 05 — 1 1.5 2 2.5 3 g
space allows a time- m?(K ) (GeV2/c?) N
dependent fit to extract ‘ =
both cos 23 and sin 23 = AN J SEp b, . $ 5
Measurements from CLEO-c to §§ B % 52 * {/ .
be improved by BES I e e e A S S
At (ps) At (ps)
* ~1000 events from the full Bin 1 Bin 5

Belle sample
sin 2¢; = 0.43 + 0.27(stat) + 0.08(syst)

* Not as precise as CP states
cos 2¢; = 1.06 + 0.33(stat) 73 (syst),

but unambiguous
determination of B=¢, @, = 11.7° + 7.8°(stat) £ 2.1°(syst)
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Charm physics
* Unique arena to study up type dynamics
* Tiny expectations for CP violation and FCNC

—1p2 -1 A AL (p—in)
A+ A2 - p—in) 1-1 4212 (1+4A%) AL +0(1°)
A/I?’[l—(l—%lz)(pﬂn)] ~AE+ LA [1-2(p+in)] 1-1/2A%2°

* Expected to appear in Cabibbo suppressed decays or via
mixing O(1073)

* But general idea is to look everywhere as any anomaly a
signature of new physics

* B factories and LHCb are also D factories

* Will focus on a couple of examples of direct CP violation
searches at Belle and LHCb

For mixing and mixing-induced CP violation
see Gobel, Bhardwaj, Maguire and Martinelli at CKM 2016
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Events / { 0.2 MeVic® )

arXiv:1609.06393 [hep-ex]

D° - KIK?

Standard model prediction A, < 1.1%
Nierste & Schach Phys. Rev. D92, 054036 (2015)

No vertex — ideal for the B factories

Due to cancellations among the diagrams involved

> Select D** —» DY(K2K)m* events so that charge of pion tags
the flavour of the D

* Also AM = M(D*) - M(D) excellent signal and background

discrimination

so0- 5399487

200

- ]
- i - 1 i

H7a 013801440, 146 0168 515 B.158 0154 6 156 0.1 58 018
AM (GeV/c)

Preliminary

Events / ( 0.2 MeV/c? )

-
B 1i80 140 0.1480.148 D15 DAB2 8 15401500168 018

AM (GeW/ic®)

Ap=(-0.02+1.53+0.17)%

Three times more precise
than previous

Excellent Belle 2 prospects
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arXiv:1612.03207v1 [hep-ex]%

DY » gt i~

* Huge sample 0(10°) collected by LHCb

* Look for variations over the 5D phase space using an energy
test for n D events and nn D events with a test metric of phase

space separation l/)ij S
S D
n(n—1) n ﬁ — 1) nn <
1,71 i,7>t ,] =

D e D D oD Do D

* T=0 in the absence of CPV — two tests that probe CP even and
CP odd part of the amplltude

090—

* p-value from comparing

8a]
TO
60
50
40
30
20
10

LHCb ' -ﬂso ;
3 =_F
E 70E

to no CPV pseudo
experiments

60
50F
40F
30F
20F

* Even: p-value =4.3%
-------- : ot e .3 Odd: p-value = 0.6%

10F

4 6 - 2 4 6
Tvalue [107] Tvalue [10_6]

—
w
(92}

—/




~
i
~~
Yo}
S~
N~
N~
i
(@)
o
o

—

©
©

=

©
O
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Belle I1

Goal to prOduce a 50 ab_l waveform sampling

dataset

KEKB and Belle detector
significant upgrades

Time of Propagation PID
Pixel vertexing

Waveform sampling
electromagnetic
calorimetry

Better precision on all
measurements discussed
and many more

Csl(Tl) EM calorimeter: RPC u & K_ counter:

scintillator + Si-PM
for end-caps

electronics, pure Csl
for end-caps ‘

4 layers DS SiVertex 4
Detector —+

2 layers PXD (DEPFET),
4 |ayers DSSD

Cherenkov Counter —
Time-of-Propagation counter
(barrel),

prox. focusing Aerogel RICH
(forward) -

Central Drift Chamber:
smaller cell size,
long lever arm

* 2016 first turns
* 2018 first collisions
* 2024 end 50 ab™!
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LHCb run 2 and upgrade

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

QR S A [ N S B O

RUN-1 RUN-II Upgrade
Run I: 3 fbtat 7 and 8 TeV — 5 kHz to tape
Run II: 5 fbt at 13 TeV — 1.6 x the cross section — 12.5 kHz to tape
Upgrade: 50 fb! - 5 x instantaneous luminosity — no 1 MHz hardware trigger
New tracker, new vertex, ECAL, and all new frontend electronics

SciFi tracker with

Upgrade Il: 300 fb?

Expression of Interest
CERN-LHCC-2017-003

WGZ~XZ

2x~3m

Eapm o omm oo

A A A A A A A A A L Al LA L.
25 3 35

AR ; :
. JE ' ’
" . ., 22201y B>u/ye | ;
New experiment” to £ of |mBom /i/
| exploit — LHC hi-lumi ; 18F-| A B~ ¢y Ve
running to 2035 8o —
2 ]

. Si PM readout deS_ign 201 2

A 1‘4A,5L A AL
Luminosity [x10 ¥em?s )
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Summary

* Flavour physics is probing the SM indirectly in complementary
way to other approaches: energy, v, cosmological

* Many measurements not discussed — apologies

* Indicates the rich range of observables available — strong
interplay between experiment and theory in their
interpretation
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* More data required to go to the next level of precision
Belle Il to start in 2018
LHCb Run Il until then
LHCb upgrades from 2020
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Terry Gilliam, Monty Python credits

& ;
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Fouilascral TS P Hight - angled L= P T
trimnslc triamEls triariele trimmngle

ds: A SQUASHED TRIANGLE




¢, introduction

| | T [ I [
exchuded area has COL = 0.95 |

0.10
This is the phase of B, mixing
It is related to the small opening
angle of another squashed
unitarity triangle 0.05
Predicted from other CKM
measurements _
@ 0.00 |
¢, =—2p =0
V V
=-2arg| —
cs Vb -0.05 -

=—(36.3'7; ) mrad _

Preserve of the LHC: -0.10

: : -0.10
* B, production with large

boost to resolve oscillations

Different loops potential new physics contribution
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LHCb: B, - | /WK *tK ™

Candidates / (2.5 MeV/c")

* Full angular analysis of KK invariant
mass spectra required to resolve
different helicity components and
non-VV component
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* Tagging power of 3.7%
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Same side kaon better than pion

—0.058 = 0.049 + 0.006 rad,

¥s = E T
E
. _ N T S T
* Also determine the lifetime K =1
difference between the different "t
mass eigenstates of the Bs bt ( 43 J

Al = 0.0805 =+ 0.0091 =+ 0.0033 ps~* Decay tme (modulo 2nAm) [pe]




10.7 o (8 TeV) :
|||||||||||:

- _| TrrrrrorT _| |-| rr[rrrrrrrrprrrrt |_ E EI T | T T 1T | LI | T
a L ATLAS Preliminany === 6% G.L ({s =7 TeV) _ =  ECMS ¢ Data
= 02rGorTev,aam Bt CL (5= TToV) ] 8 r Total it
- L~ e — Lilg= ) ] —qa= Sinnal fit —
: [ (5=8TeV, 14307 oe o) (5= B Tav) | gm“ igna =
- AT, constrained io=0 & Siandard Model 1 =
0.15F 2 E
i - 10°
0.1 — - g
| b ; .r--..'x '.m _”]2
[ s R F =
005 i ! .: ] — - %
L H """.. r.‘r. i 1[: &
L 1 - Iy 3 ™~
o . : - C
[ = g: g
L o 50
_,DDE_-I....I....I....I....I....I....I- | . . . . . 2
315 -1 =05 0 05 1 15 0.05 0.1 n.15n 02 025 0.3 =
o [rﬂd] By proper decay length [cm] 'rgc
O

Luminosity (fb=?) 19.2 19.7
Tagging power (%) 1.49 1.31
¢, (mrad) —94+63+33 —75+97+431
AL, (ps™) 0.082+0.011+0.007  0.095%0.013+0.007
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Comblnatlon Additional modes from LHCb: J/ynr and D D,

DO 8 fb"

0.14} m
! Summer 2015
— 0.12 / sz'ﬂf:jb . 68% CL contours - 5
| j . (Alog L =1.15) S
i p! _— ’ N
ot ' : :
— 0.10r | CDF 9.6 fb™ »
=
<1 .08l
0.06} ATLAS 19.2 fb™"

‘—Ij_dd , .—(?]_2‘ . ‘Dj[}d , -Uizd . .0:4.

b-(sarz)mad
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