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WE ALREADY SEEING NEW PHYSICS?
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There's a handful of intruiguing 3—40 anomalies
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I CKM MATRIX

d Vud Vus
s’ = Vcd Ves
b’ Via  Vis

Vub
Vcb
Vip

Wolfenstein parametrisation in A = 0.23 ~ 6. at order O(\) (Cabibbo):
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CKM MATRIX

d Vud Vus Vub
s’ = Ved Vs Vo S
b’ Via Vis Vi b

Wolfenstein parametrisation in A = 0.23 ~ 6. at order O(\3):
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CKM MATRIX

If  is the only CP-violating phase affecting
quarks this picture should be consitent at all
levels.

=>» Let’s check!

AN in)

2
Al o in) —AN2 “

%‘] Patrick Koppenburg CP Violation and CKM Physics 29/7/2015 — EPS-HEP [4 / 50]




[CKMfitter 09/14]

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation
Vud V:ka + VCb V:b + th V;Z) - 0
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[CKMfitter 09/14]

UNITARITY TRIANGLE

It all started with kaons.
Now the input from kaons needs theory input. See [sonis tal]
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[ESA/Planck]
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LHCB PHYSICS PRO%:@;[ME % :

CKM and CP violation
with b and ¢ hadrons

Electroweak and Quo
2% i - : measurements in the
Rare decays of b hadrons g kWS forward acceptance
and ¢ hadrons

Coa .
Spectroscopy in pp
interactions and B decays

Celebrating 250
publications!
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LHCB DETECTOR

Forward detector (many b hadrons produced forward at LHC, (75 +5+
13) b in acceptance (physics Letters B 698 (2011) 14, ariv:1102.0348] )

@ Warm dipole magnet. Polarity can be reversed
v Good momentum and position resolution
o Vertex detector gets 8mm to the beam

Tracke
SR



http://arxiv.org/abs/1102.0348

LHCB DETECTOR

Forward detector (many b hadrons produced forward at LHC, (75 +5+
13) llb in accepta NCE [Physics Letters B 698 (2011) 14, arXiv:1102.0348])

@ Warm dipole magnet. Polarity can be reversed
v Good momentum and position resolution, high efficiency
v/ Excellent Particle ID

LHCb data RICH1 LHCbdata
(preliminary) (preliminary)

Kaon ring Kagn ring

Cherenkov photon *
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LHCB TRIGGER

Versatile two stage trigger
o Hardware-based LO trigger: moderate pr cuts =» 1 MHz
@ Whole data sent to trigger farm
e 3 kHz output rate (2011), 5 kHz in 2012 (some of it deferred)

LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

< O I

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

450 kHz 400 kHz 150 kHz
h* H/pp e/y

Trackeri'

Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
selection algorithms

5 kHz (0.3 GB/s) to storage
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LHCb 2012 Trigger Diagram

40 MHz bunch crossing rate

~ <5 <>

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

450 kHz 400 kHz 150 kHz

h* B/ HM e/y

{ Defer 20% to disk ) ’

Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

selection algorithms

> L <>

5 kHz (0.3 GB/s) to storage

LHCB TRIGGER IN Run II

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ <5 >

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

450 kHz 400 kHz 150 kHz

% Patrick Koppenburg LHCb news from Run Il

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

- I b
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LHCB TRIGGER IN Run II

New in 2015: Introducing the

TURBO stream

e 5 kHz of 12 kHz go to
TURBO:

@ Only trigger information is
saved: tracks and vertices that
caused the event to trigger

=»> No raw event — no offline
reconstruction
v/ Smaller events, faster analysis

o Used for high yield exclusive
trigger lines : Jip, DO, DT ...

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ <5 >

LO Hardware Trigger : 1 MHz

readout, high Et/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

- I b
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CHARM FROM FIRST JuLy 2015 RUN

o
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@ Charm hadrons from TURBO stream
e Hardly any background
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@ The yields per pb are much larger than in Run | (and that'’s

mostly the trigger)
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CENTRAL EXCLUSIVE J/tp — p*p~

Events

LHCb Preliminary 13 TeV
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J/1p cross-section at 13 TeV{
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[LHCb, LHCb-PAPER-2015-037, in preparation]

13 TEV LUMINOSITY

[The Onion] he Ol
the©

ics SPORTS SCIENCETECH LocaL ENTERTAINMENT FANTASY FOOTI

27KILOMETER

mm "THERE'S GOT TO BE SOMETHING ELSE
1000 WITH THISHADRON COLLIDER"

SHARE

Bored Scientists Now Just Sticking Random Things Into Large Hadron
Collider 153

@ The luminosity at 8 TeV was measured with two methods:
Beam-gas imaging (BGI) and VdM scan pinsT o (2014) P12005)

@ In the BGI method we use neon injected in the beam pipe to
reconstruct the beams
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-037
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http://arxiv.org/abs/1410.0149

[LHCb, LHCb-PAPER-2015-037, in preparation]

13 TEV LUMINOSITY

L
Mref — oref NN,  xOverlap
—

Bunch intensity

o 1'*f is the average number of
interactions per crossing

o N are the bunch intensities from [
Direct Current Current Transformers
(DCCT) and Fast Beam Current
Transformer (FBCT)

@ The Overlap is determined from beam gas imaging (BGI)

O-E%fTeV == 642 + 25 mb (39%) [LHCb preliminary]
U{ge-frev =62.7 £ 0.7 mb (1.1%) pinsT o (2014) P12005]
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

L a0 o The trigger found 10° Jip — putp~
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

. Double-differential cross-sections are de-
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

Double-differential cross-sections are de-
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

Double-differential cross-sections are de-
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

Double-differential cross-sections are de-

N
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[LHCb, LHCb-PAPER-2015-037, in preparation]

J/1) CROSS SECTION AT +/s = 13 TEV

Double-differential cross-sections are de-
termined in Jip pr < 14 GeV/c and
2<y<45
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-037
http://arxiv.org/abs/hep-ph/0003238

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Et/Pr signatures

450 kHz 400 kHz 150 kHz

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

g I I3

% Patrick Koppenburg LHCb news from Run Il

LHCB TRIGGER IN Run III

LHCb Upgrade Trigger Diagram
30 MHz inelastic event rate

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

L :

Buffer events to disk, perform online
detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

\. J

ASAELCINL

2-5 GB/s to storage
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https://cdsweb.cern.ch/record/1701361

LHCB UPGRADE

clock new electronics
VELO: New pixel vertex detector

TRACKERS: New scintillating fibre tracker downstream the magnet.
The upstream tracker is also replaced.

PID: Hybrid photodetectors to be replaced by
multi-anode PMTs

[Upgrade TDR] [Velo] [PID] [Sci-Fi] [Trigger]
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[CKMfitter 09/14]

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation
Vud Vl)lkb + VCb V:b + th V;Z) - 0

0.7 ——— I — —— : -
8 3
= ' A A ms € S =

06 o ' my Summer14 |
g Y 3
E= ' ]
05 g 1 —
< H sol.w/'cos <0 .
E (exchatCL>095)
04 2 —
= g =
1 q —
0.3 € ' =
1 a -
0.2 ' T
' -
' 3
' -
0.1 1 I -
a : e
0.0 Pl [ L~ P N I]
-0.4
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[CKMfitter 09/14]

UNITARITY TRIANGLE

We want to over-constrain it using several measurements.

This is the UT with all constraints but sin 23

e N HES A m ——— ]
2 . —

S ! A A ms € -

06 o ' my Summer14 |
g ' Y 3

E= ' ]

05 g 1 —
® ! .

S =

8 .

04 32 7 —
= $ 7, 3
1 a —

0.3 € ' ]
. a -

0.2 | ]
H -

H -

, -

01 i | =
: B =

0.0 E——, I R W i S
0.4 1.
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sin23 wiTH B®— J/i K?

Golden mode for CP violation in

Ql

A Y
BP decays, sensitive to Vs ¢ I
VgV *
8 =arg (——ib) BY
Via Vi Ves i
S
d 4 K
BO— Jji KO
Vie  Va b c
d —» T — b Ve » c I
\
—=0
- %74 - Ves
b B ©
tb td d d s
B° oscillation. . ...and B®— JpK?
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[Eur. Phys. J. C74 (2014) 3026, arXiv:1406.6311]

sin2(3 AT THE B FACTORIES D

Ly e DT - </ I h—
S FeB us g e BELLE wany
£ 200~ = 3 . E| T
2. = n E| yre —— 0.9 101450050
% ¥ N é e [0.99 0142006
: BE| bl 074140067 £0.034 ()
e E| [oe] 0719:50.074 20,035 ()
- 3 1o 0728 5056 003 &)
S 3 " 08220090020 1)
. . E I A
Ean ] ++ <; }A s 1 Bate oty W 067 200230012 0)
Fo T 2 W* - b e

04F 3 04H] T 3 L L .

5 0 5 A ) 5 0 5 A . 0 05 si:u ,

A long history of sin 23 measurements at the B factories
o Started in 1999,
o First observation in 2001
Now BaBar: 0.687 &= 0.028 = 0.012 (pro 79, 072009 (2009)]
Belle: 0.667 £ 0.023 4= 0.012 [prL 108, 171802 (2012)]


http://arxiv.org/abs/1406.6311
http://arxiv.org/abs/0902.1708
http://arxiv.org/abs/1201.4643

B FLAVOUR TAGGING AT THE LHC

SS pion
T
SS kaon (nnet) (for B?)
u = ")
Kno
B d
e -
0S charm
b X K~ OSkaon
c—os
b-c
b - X" - OS muon
0OS electron
OS vertex charge
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[LHCb, submitted to J. Instr., arXiv:1507.07892]

OPPOSITE-SIDE CHARM TAGGER

o New opposite-side flavour t

- algorithm using exclusively
0.35
03 reconstructed D decays from b
025 hadrons.
0.2 ;
015 e s = @ Complementary to vertex charge
0.1 <> 0379
005 3, 002520008 1 (uses PID) and to OS kaon (softer
- A 100£006 3 ]
0545 03 0z ; cuts on K, but requirements on
N Kl other tracks)

= o Low-ish ey = 3-4%, good
: w ~ 35% =» e.5f = 0.3-0.4%
depending on mode

Raw mixing asymmetry

8 10
Lifetime t [J/ ¢ K*77] (ps)
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http://arxiv.org/abs/1507.07892

[LHCb, submitted to J. Instr., arXiv:1507.07892]

OPPOSITE-SIDE CHARM TAGGER

o New opposite-side flavour ta

eeff [%]
Channel 2011 Run | Imprvt | Reference

M BV ¢o 329 538 +64%

T BY— D DF 5.33

e BY— DK™ 5.07

W B0 — JWpKTK— | 313 373 +19%

T BO— Jpmtan— | 243 3.89  +60%

T BY— J KD 238 3.03 +27%
8 B o 145 149  +3% | preiminary

BY— Jo 097 131 +35%
Impressive improvements in tagging performance in the last 3 years

4 6 8 10
Lifetime t [J/ ¢ K*77] (ps)
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http://arxiv.org/abs/1507.07892
http://arxiv.org/abs/1407.2222
http://arxiv.org/abs/1409.4619
http://arxiv.org/abs/1407.6127
http://arxiv.org/abs/1411.3104
http://arxiv.org/abs/1405.4140
http://arxiv.org/abs/1503.07089
http://arxiv.org/abs/1507.07527

[LHCb, Phys.Rev.Lett. 115 (2015) 031601, arXiv:1503.07089]

sin23 wiTH B®— J/i K?

Tagged time-dependent analysis o 04g x :
o Exploit OS and for first time SS= é 82:
tag. eD? =2.99 4 0.03% % 0.15 N
@ Acceptance using splines for = —0(1)§ ﬂx%;
trigger (low times) and reco (high ; —02F
times) [LHCb, JHEP 04 (2014) 114, arXiv:1402.2554] 5 —0.3 F
»n E ! !
@ Production asymmetry from [t 04 5 10 15
Phys. Lett. B718 (2013) 902-909, arXiv:1210.4112] t(pS)
ARG " Lhch o
S= 07314£0035+£0020 = | b ]
= 100 EF N E
C =-0.038+0.032+0.005 3 , N ]
= 10° ¢ \\ 3
p= 0483 0 f
% 10 E MR 'l' =
Sc—o = 0.746 £ 0.030 S S T
E . . DL
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http://arxiv.org/abs/1503.07089
http://arxiv.org/abs/1402.2554
http://arxiv.org/abs/1210.4112

[LHCb, Phys.Rev.Lett. 115 (2015) 031601, arXiv:1503.07089]

sin23 wiTH B®— J/i K?

Golden mode for CP violation in B9 sasar | , ! " 06920035001
PRD79,b72009(2009/ |
£ oK2 | 0.69 +0.52 + 0.04 + 0.07
o World average orD80, fiabot ooy | 1
y U I 1.56 +0.42 +0.21
sin 23°® = 0.682 & 0.019. PAD g6 posony oy et
Belle | | 0.67 +0.02 +0.01
. . | [
o Expectation from global fits it g Do 0500
. SM _ + 0017 PRLWDBNT\EDW (2012) : 1 .
sin 267 = 0.771 ~ g oa1- S N— ot
[CKMFitter, arXiv:1501.05013] OPAL | h 3.20 % J0 +0.50
EPJ C5, 3‘79(1998) :
. .« e C I ] 79+ (3 £0.16
o Systematic uncertainties mostly e osoo | [T B
oy LHCb | W ! 0.731 £ 0.035 + 0.020
from data =» will improve Runl | !
Average ! 0.69 +0.02
S= 0.731+£0.035+ 0.020 - 0 ! 2 S
SBelle ' —  0.670 4+ 0.029 + 0.013
I K2
SSis = 0.662 +0.039 £ 0.012 Now competitive
S

with B factories!

[Belle, Phys. Rev. Lett. 108, 171802 (2012), arXiv:1201.4643]

[Babar, Phys. Rev. D79 072009 (2009), arXiv:0902.1708]
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http://arxiv.org/abs/1503.07089
http://arxiv.org/abs/1501.05013
http://arxiv.org/abs/1201.4643
http://arxiv.org/abs/0902.1708

BY— D(C";)h0 dominated by g — cd.
If DO decays to a CP eigenstate it
interferes with the decay via oscilla-
tions. Penguin-free!
- Sensitive to S 2 sin 203
o First combined fit of Babar and
Belle data (1.243 x 10° BB
pairs)
o BY— D70 Dn, Dw with
D° — K970 KOw (CP-even)
and DY KK~
D*® — DO(KO70)7® (CP-odd)
=» 508 £ 31 and 757 + 44 decays
for Babar and Belle

% Patrick Koppenburg

CP Violation and CKM Physics

Events / 1 MeV/c?

S

g

g g 8

=
5

[Babar & Belle, arXiv:1505.04147]

B°— DY KO wiTH BABAR AND BELLE DATA

F (a)BAB#R

°

2 B E &
S S S 3

Events / 1 MeV/c?

,,,,,,,,,

M, (GeV/c?)

 (b) Belle ]
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AAAAAAAAA

1 5.2
Ml (GeV/C)



http://arxiv.org/abs/1505.04147

[Babar & Belle, arXiv:1505.04147]

B°— DY KO wiTH BABAR AND BELLE DATA

B — DYHO dominated by g — cad.  [wesw T waee T @
B Tag
If DO decays to a CP eigenstate it 0p ?

interferes with the decay via oscilla-
tions. Penguin-free!

. M .
- Sensitive to S 2 sin 203 o QR s PPt L .

o First combined fit of Babar and : J
Belle data (1243X 109 BB B B e e

. (c) Belle iy = +1 (d) Belle n; = —1
pairs) w S
30 L BELLE

NS = +0.66 = 0.10 £ 0.06
C = —0.02+0.07 +0.03

104

Events /1 ps

Raw asymmetr
tloos
» = S = o
T ; T

Events /1 ps

Raw asymmetry
Loo
P

; .
R
I it I

—0.8F

with § = 0.524+0.15 (Babar), 0.83+0.15
(Belle), 0.52 £ 0.15 (CP-even), 0.80 + U I A N :
5 CP Odd At (ps) At (ps)
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[CKMfitter 09/14]

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation
Vud Vl)lkb + VCb V:b + th V;Z) - 0

0.7

0.6

Summer 14

!
'
'
: Amy
'
'
05 1
H sol.w/ cos <0
(excl.at'CL > 0.95)

0.4

excluded area has CL > 0.9

0.3 &

0.2

0.1

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

p
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[LHCb, LHCb-CONF-2015-003][LHCb, LHCb-PAPER-2015-031, in preparation]

Amy WITH SEMILEPTONIC B? DECAYS

£ 06 LHCD preliminary
£ 04
£ 02 3
Z o
=02
-0.4
_06E @ ®)
0.6
0.4
0.2
0 w et
-0.2
—0.4]
0.6 @) @
5 10 5 10
decay time [ps]
g’ 0.6jqq LHCD preliminary F $
2 04F = + E
£ o02f ¥
7 oo 3 E
—02f ¥ ]
—04f ¥ E

f (b)

e

1 @

% Patrick Koppenburg

5 10

decay time [ps]

o Use B — D™~ p+y, X with
22x10° D~ — Ktntat and
8.2 x 105 D*~ — DO(K+7n~)n~

o Tagging power 2.32—2.55%
depending on mode and ye

Preliminary result:
Amg = (503.6 +2.0+1.3) ns™!

We are still working on the systematics
=» expect them to decrease

World average [Hrag)

Amg = (510 4+ 3) ns! (without this)
Amy = (505.5 4 2.0) ns™! (with this)
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2015-003
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-031
http://www.slac.stanford.edu/xorg/hfag/osc/fall_2014/#DMD

os in BY mixing

i B i
i ﬂ
; L R .
I, g £obCo H‘iﬁ ng ‘,’..[

r
Patrick Koppenburg

- 07092014 - www Koppenburg o1
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BY UNITARITY TRIANGLE

This is another CKM UT

0.10 1 L —— LA B S B B B trlangle' Where the phase
: %} £ excludedaleahasCL>0.95: Of Bg mixing ¢S, appears
< Py l

005 % 1 External constraints

: ¢ m, : . . .

/ TR | 1 fix it very precisely to
.\ ! VeV

65 = ~20r8 (1) =
0.001
—0.0363 T 3015

v’ Good potential for NP
searches

_0_10\\\\11\\\1\\\\‘\\\\

[CKMfitter 09/14]
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[LHCb, Phys. Rev. Lett. 114 (2015) 041801, arXiv:1411.3104]

CP VIOLATION IN B? — J/WKTK~

& 1sooof @ Measuring the CP-violating phase (< :
f o 120 = e (Vi Vi Ves Vi) =
3 —0.0363 + 0.0013 in SM
8
s T 1 e Angular analysis needed to disentangle
o, polarisation states
MWK MVl g = —0.058 + 0.049 + 0.006 rad,
“ |A\| = 0.964 & 0.019 4 0.007,
. ] s = 0.6603 =+ 0.0027 +0.0015ps™ ",
NSRS, Al = 0.0805 =+ 0.0091 + 0.0033 ps~*
™" ecay tm (modulo Am (]
Bk ‘ "l 18 g ot "o 18 sl LHCo ]
! et ol o
2 8 150k //’/l \\\\ 7m1500:,///_\\\\4//"\\<
5 -l o ]
5 S s 3 -

Decay time [ps] cos8,
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vs AND Al; AT ATLAS

. 0 . _ T T T T T T
Atlas analysis of B — J/i) ¢ with 2012 dataset % . ATRS Premnaryirlc LT
. . S pe=eTeviesn ToelH{EToIe)

o Tagged tlme_dependent angular anaIyS|S 0.157Al‘5c0n5trair\ed|0>0 = Standard Model

o Total effective tagging power 1.49 4 0.02% 0.1; @ 1

= Retuned wrt 2011 and added electrons D
o Size of Bt — J/ih KT control sample main .
source of systematic uncertainty on s

o Statistically combine 2011 and 2012 data

2011 (5 fb~1)

[PRD 90, 052007, arXiv:1407.1796]

[Atlas Preliminary]
o~

=,

oF E

—0.0’_" 1 | | I I 1

2012 (20 fb~1) Run |

[ATLAS preliminary]

% Patrick Koppenburg

CP Violation and CKM Physics

BY= Jpo 22670 + 150

s [rad] 0.12+0.25+005 | —0.119+0.088+ 0.036 | —0.094 + 0.083 + 0.033
AT, [ps~!] | 0.053+0.021+0.001 | 0.096 + 0.013 +0.007 | 0.082 + 0.011 + 0.007
Mo [ps™!] | 0.677 +0.007 + 0.004 0.677 + 0.003 + 0.003
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http://arxiv.org/abs/1407.1796

arXiv:1507.07527]

©s AND Al AT CMS /l/%%

49000 BY — Jjp ¢ decays
o Tagged angular analysis

o Total effective tagging power
(1.307 + 0.031 + 0.007)%

¢s = —0.075 4 0.097 £ 0.031 rad
Al = 0.095+ 0.013 + 0.007 pS -1

197 m @Tev) 197 fb 8 Tev)
37000 P he £ —— (BT,
2 F CMS ¢ Daa j;& E CMS . Data 3
el el a8 T Total fit ]
< L - ::Jcnkag‘vgtnd fit 1510° & Signal fit 3
p F 12 - Background fit 3
€ F s 3 200F- ]
85000~ 15 ]
o £ ] TP
£ 1 = R S
[ ] E 3 cosy,
4000~ - C | . S .15 % )
3000 B E ERN E
C ] £ | “1000f, P
2000~ J 10k ot il
F b E QN | 600> 2 1
1000 3. 4 I I I I I ol ]
s s " I e el I s S E
At 0 Al rvoins s mwen an SR
0525 5.3 5.35 5.4 5.45 0.05 01 015 02 025 02 S L
JIPK'K” invariant mass [GeV] Bg proper decay length [cm] cosy
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[HFAG]

Als VERSUS ¢ IN SUMMER 2015

Contours of A(logL) = 0.5

AT, [Ps™]

0.10}

0.05

0.00L

mmmmm

T(BY — J/mr,
J/¥fo)

Theory

1/ fH [ij

0.62

@ These measurements set constraints on s, the decay width

066 070 074

1.7

1.6f

1.5

Contours of A(logl) = 0.5

7(BY|— D{D,) HFAG

difference Al's =T — Ty and T
o Here are the lifetime plots. Note the large Al's. BY ~ K°!

% Patrick Koppenburg
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13 14 15 16
1/T; [ps]
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[HFAG]

Al's VERSUS s IN SUMMER 2015

HFAG B
[Summer 2015]
—— 0.12¢ CZ'V'S _, 68% CL contours

0 fb ]
‘. (Alog £ = 1.15)
‘Ix ]

| CDF 9.6 fb~"

ATLAS 19.2 o'

—04 —02
Combination of BY — Jip KTK~, BY — JhpmTn~
and BY — DI D7 : ps = —0.034 4 0.033 rad

HCD
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Table Mountain National Park ‘.

Penguin Protection Fence

PENGUINS

WARNING
Penguins will bite

Please do not touch, feed or disturb
the penguins R500 fine

Table Mountain National Park
Warning
-~ Please look under
your vehicles
for penguins

v =)
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[Pietures from here]


https://www.google.ch/maps?ll=-34.195925,18.4504111111&t=h&q=-34.195925,18.4504111111

[LHCb, LHCb-PAPER-2015-034, in preparation]

ANGULAR ANALYSIS OF BY— J/iy K*0

The predictions of ¢s and sin2( assume
these are measured in b— cCs transitions.
@ Size of penguin topologies?
X Effects ~ exp. sensitivity

=» Measure it in decays where these are

. ‘>.754OU 5500 5600
enhanced relative to the tree MOy K [MeV/c?]
C
, J/
Colour singlet,’l c
exchange ,/
B g
b . d
u, ¢, t
B(s) W [(*H
S S

: O”OWing [De Bruyn, Fleischer, JHEP 1503 (2015) 145], [Faller et al., PRD79 014005]. See [baCkU p]

Patrick Koppenburg CP Violation and CKM Physics 29/7/2015 — EPS-HEP [37 / 50]



https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-034
http://arxiv.org/abs/1412.6834
http://arxiv.org/abs/0810.4248

[LHCb, LHCb-PAPER-2015-034, in preparation]

ANGULAR ANALYSIS OF BY— J/iy K*0

2

Angular analysis in helicity frame E
> 100
ﬂ“:é 80
e 208700 4500 B and 1800 = 60 BY decays =
S 40]
o Correction for production and detection "
asymmetries [Phys. Rev. Lett. 114 (2015) 041601] [Phys. Lett. 3 ) E
—1 05 0 0.5
B739 (2014) 218] [JHEP 07 (2014) 041] cos@)
—1
Preliminary results: iF Heoery
ERg t E
B(B® = JWE™®) = (4.131 0.16(stat) % 0.25(syst) :t0.24(fd/fi)) x107° R T
40 . //"’ R\\ &
i ™3
fo = 0497 + 0025 (stat) & 0.025 (syst) zg_, . f
1 = 0179 + 0.027 (stat) + 0.013 (syst) L .
ASP(BY = JRK) = —0.048 4 0.057 (stat) + 0.020 (syst) cos(®,)
AHC”(B_‘_.’ — JAWK®) = 0171 £ 0.152 (stat) & 0.028 (syst) ;! T T
APP(BY — JJWE®) = —0.049 £ 0.096 (stat) + 0.025 (syst) L1wp 1 ,,,eﬁm‘;gci E
& sf E
Tt z )\"A é 60 + )t
Pt NG S e
I3 O 20fF - 7
i’>/ K=+ BY TR, : of ) ; X 3
K- P = 0 7y a0
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-034
http://arxiv.org/abs/1409.8586
http://arxiv.org/abs/1408.0275
http://arxiv.org/abs/1408.0275
http://arxiv.org/abs/1405.2797

[LHCb, LHCb-PAPER-2015-034, in preparation]

ANGULAR ANALYSIS OF BY— J/iy K*0

A(BS = JK™®) = ~AA; [1 =~ ajeen] =0, L

A(BY — Jpbg) = (1 - )\72> Al [1 _ ea:-eign{e"’Y]

with € = 0.054, v = 74 £ 7° (CKM) and a; = a},
0; =0} (SU(3)) =

ay = 0081557, Oy = (64*119)°
Q= 0'32i2:§2 s 5‘” =— (]E')i}in)u X
aL = 04553, 6= (175=10)° .

Combine with B® — Jp P [Phys. Lett. B742 (2015) 38]

A | ANBI— o) A (B2— Jfip9)

A~ | A(BO= Jp K=Y | | Ai(BO— Jjp°)

A5 = 0.000 538 (stat) Zong (syst)
AGY = 0001548 (stat) 27 (svst).

M

AGIY = 0.0037031 (stat) G o0r (syst) .

Penguin pollution is small wrt £0.039 rad
Patrick Koppenburg CP Violation and CKM Physics

09 = AT (B~ J/
. HY(BY —
08 | ] ’
07flez 90% CL ;
06 | ; !
S 05 B \ |
Jos ! ' :
04 |i ! |
osff |\ 6 ! ;
o2f| \ E
01 N -
005300 o0 S0 100 120 10 160 130 200 20 20 200 280 W00 20 50 w0
10
a == (B — J/up)
09

008

= S|(B" = J[uf)
= AL = R
== 1B = Jfup"y
HI(BY = JpeR™)

B A
180160~ 110-120 - 100 ~80 ~60 ~40. 0 20 40 60 80 10 120 L0 160 180

) Ideg)
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http://arxiv.org/abs/1411.1634
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[CKMfitter 09/14]

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation
Vud Vl)lkb + VCb V:b + th V;Z) - 0

0.7 ——— I —— ———— T -

8 .

S ! A A mg & : .

0.6 3] ! md Summer14 |

g Y 3

E= ' .

05 g 1 —]

s H sol.w/'cos B <0 .

E (exclarcL>095)

04 —32 —

= g =

' [o Qe

0.3 € ' =

1 a -

0.2 ' T

' ]

' 7

' 7

0.1 . I -
i B

[ P (R O I,
0.2 0.4 0.6 0.8 1.0

ol
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[CKMfitter 09/14]

UNITARITY TRIANGLE

The unitarity triangle with only constraints from tree decays

0T ]

0.6 y(@) Summer 14

0.5

excluded area has CL > 0.9

0.4

N

Q

g IIII|IIII|IIII|IIII|IIII|IIII|IIII

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

ol
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[LHCb, JHEP 10 (2014) 097, arXiv:1408.2748]

v FROM Bt — DK™ witH D— K%hh

o Can access y through interference of B™ — D°K™* and
Bt — DOK* with D— K97t n~ or KIKTK™

b

ol
IS

0 b

A) — A) 0
Vs u D Vs c D
cb ub
\ \
\ \
Bt Bt
VUS %S
s 5
u u Kt u u Kt

GGZS method (phys.Rev. D68 (2003) 054018]

=» Interference of b— ¢ and b— u, v = arg(— Vg Vi / Ve V)
o We also need a strong phase difference dg and a ratio of amplitudes
e
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v FROM Bt — DK™ witH D— K%hh

o Can access 7 through interference of Bt — DK™ and
Bt — DOK* with D— K97t n~ or KIKTK™
o But needs strong phase of D— K{hh: Use CLEO-c data

o Shown here for D— Kort7n—

[GeV¥/c)

m2

me [GeVZ/cf]
me [GeV ¢t

21

me [GeV?/cd] m [GeV/cf]
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2.5
m? [GeV¥cd]

R S T

[LHCb, JHEP 10 (2014) 097, arXiv:1408.2748]

IBin numberl
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[LHCb, JHEP 10 (2014) 097, arXiv:1408.2748]

v FROM Bt — DK™ witH D— K%hh

=rgcos(dg+7)=(—7.7+24+1.0+0.4)%
y+ =rgsin(dg+7) =(-22+25+04+1.0)%
x_ =rgcos(dg —y) = (+25+25+1.0£0.5)%
y_=rgsin(dg —v) = (+75+29+05+1.4)%

rg=0.080 13919 g5 = (13411)° 4= (6271)°

These are the most precise measurements from a single experiment

> 0. T T T
m 0.25 T —~ T
0d RO = e
-+ LHCb 1 W LHCb
02F R
o1F ] 300+ B
200 B
01 RN
\\@/l
-0.2F 1001 Tl ~
L L 1
-0; 0 00 200
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v COMBINATION FOR CKM

LHCDb

Preliminary

1-CL

0.8

0.6

0.4

0.2

100 110
y [7]

T
LHCb

maimmay ]

1-CL

06 40008 1
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[LHCb, LHCb-CONF-2014-004]

@ Using only B— DK gets
v =(7311)°

=» More precise than B

factory combination

New results sensitive to v
came out in the meantime
Bt — D(hih:ﬂro)hJr [Phys.
Rev. D91 (2015) 112014]
BT — Dhtrntn~
[arxiv:1505.07044] and more will
come soon.
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[LHCb, LHCb-CONF-2014-004]

v COMBINATION FOR CKM

@ Using only B— DK gets
v = (73 J—rgl)o)o

LHCb

Preliminary

Till Moritz
Karbach

(1979-2015)

Till Moritz Karbach
Scientific Legacy
Wissenschaftliches Vermichtnis

more wi
come soon.

[arXiv:1505.07044] ANC
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[CKMfitter 09/14]

UNITARITY TRIANGLE

“The" unitarity triangle exploits the relation
Vud Vl)lkb + VCb V:b + th V;Z) - 0

e e IS s mo s e o e L
8 3
ii H A mg sK 3 -
! 3
0.6 3] ! Amd Summer14 |
g ' Y 3
E= B —
05 g 1 —]
g . sol.w/ cos B <0 .
3 @chaicl>095
04 3 —
= g =
' (o} —
' .
' _
» AN a =
b ' =
b ' J
0.1 . I -
: B
0.0 |a L 1 L L L Il L L n n | - L L 1 L " h
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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[CKMfitter 09/14]

UNITARITY TRIANGLE

The unitarity triangle with only constraints from tree decays

0T ]

0.6 y(@) Summer 14

0.5

excluded area has CL > 0.9

0.4

N

Q

g IIII|IIII|IIII|IIII|IIII|IIII|IIII

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

ol
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V,» HISTORY

@ There has been a long standing PDG Bxclusive _Inclusive
version T T T
discrepancy between the value of 2004
| V.| determined from exclusive 2006 —_—
B — mlv and inclusive b— ulv 2008
decays. zziz S
e PDG 2014 reports 2014 —— ——
0 AOIOS 0 AOIO4 0 AOIOS
Inclusive : (4.41 +0.15 £ §:12) x 103 v

Exclusive : (3.28 +0.29) x 103
Average : (4.13 4 0.49) x 1073

o CKMFitter uses
3.55 7217 %1073,

o UTFit 3.75 4+ 0.46 x 1073

K (1,0)

/
LHCb [Vub|/ [Veu| | o (CKM 2014),

Inclusive [V B (HFAG 2014)
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[LHCb, Nature Physics 3415 (2015) , arXiv:1504.01568]

|Vis|/|Ves| FROM A — pp= i

O4F | HCh simulation
0.12 Eo—puv oW Oeorr E
01F — PV high Opeer 3
E = AV IOW ey E
00BE  —— Acuv high O E
0.06f E
0.04f E
0.02f E
‘ ]
oo 4000 5000 6000
Corrected mass [MeV/c?]
T T
B Combinatorial
0 Mis-identified L HCb
0%V

AV

% Patrick Koppenburg
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4000 _ 5000
Corrected py~ mass [MeV/c?

The LHC is a A9 factory: B%:B2:A9 ~ 4:1:2
in LHCb acceptance.
o Key to finding A2—> puv is the
corrected mass
Meorr = \/ m? + Pﬁ_ +pL, the

minimal b-hadron mass compatible
with its direction of flight.

v First observation of A9 — puv

A

PL

pPL

§
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[LHCb, Nature Physics 3415 (2015) , arXiv:1504.01568]

|Vis|/|Ves| FROM A — pp= i

- Using 2 fb~! (2012) we measure
Inclusive —— e 0
o B(Ab_) p/“/)q2>15 GeV/c?
—— PDG 2014 0 +
Eyclusve —— ST B(Ap— Adpv)gesy GeV/c?
T R = (1.00 % 0.04 + 0.08) x 1072
LHCb arXiv:. . .
("-piv) etk @ The result is |V | =
Goas a0 goo oais dos (327 £0.15£0.17 £0.06) x 107
Ve where the uncertainties are statistical,
@ 6 experimental and from lattice.
—_— PDG 2014 +
X [ e o We measure |V,|/|Vep|, while the
= A,~puv (LHCb) .
> "~ B factories measure |V,| and | V)
separately
=» The puzzle is still alive

42 44
IV, x10°
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Inclusive

|Vis|/|Ves| FROM A — pp= i

DG

PL
2014

——

PDG 2014

Eolae | e TR
. arXiv:1503.07839
(FNAL/MILC)
LHCb arXiv:1503.01421
(/\%—> pLv) (RBC/UKQCD)
L L L L
0.003 0.0035 0.004 0.0045 0.005
Vo |
% 8 T T
— I inclusive 7
x 7 I B-niv 7
= [ A\,—puv (LHCD)
>=’ 6 [757] combined -

€

04

[LHCb, Nature Physics 3415 (2015) , arXiv:1504.01568]

Using 2 fb~! (2012) we measure
B(A([))_) p/“/)q2>15 GeV/c?
B(A?)_) Acf/'“/)q2>7 GeV/c?

= (1.00 £ 0.04 + 0.08) x 1072

@ The result is |V | =
(3.27 4 0.15+0.17 £ 0.06) x 1075
where the uncertainties are statistical,
experimental and from lattice.

o We measure |Vp|/|Vep|, while the
B factories measure | V5| and |V
separately

=» The puzzle is still alive

@ It was proposed that a NP
right-handed coupling eg could
explain the discrepancy [semiochner et al.,
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V,p INCLUSIVE

Inclusive b— uev result by Babar.

o Full reco tag on other B

e OFF 7(4S) data subtracted
from ON data

=» Excess of electrons beyond
b— cev kinematical
endpoint (2.3 GeV).

Neyents /(50MeV/c)
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B reIimj&gy

B—Dev B Dwev

B —Xev B— Xev

05 1 15 AT
Electron Momentum (GeV/c)

., @

Ty

o, (6)
b cev MC ey, ON-OFF data

&, %o
g
&
cﬁ‘?

L]

! 35
Electron Momentum (GeV/c)
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V,p INCLUSIVE

Inclusive b— uev result by Babar.

o Full reco tag on other B

o OFF 7(4S) data subtracted 8 oo
from ON data g 00
=» Excess of electrons beyond < o0s

b— cerv kinematical
endpoint (2.3 GeV).

s
oI

1 1.‘2 1.‘4 1.‘6 1.‘8 é 22 24 26 28
Y Result depends on model. Electron Momentum (GeV/c)
Babar favour GGOU model ~ 5
[JHEP 908 10, 058 (2007)] 2 48
= |V = (40£02) x 1073, = jj l +
closer to the mean of ’

exclusive and inclusive 4

Also new exclusive Vp using D de-
cays to constrain form factors [proor 34

w IN
© N
A RARNRARARARNRARNRARNRRRRRRRRRRN:
—.
—.—
—.
—

DN DGE BLNP GGOU

052022 (2015), arXiv:1412.5502].
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V,p INCLUSIVE

Inclusive b— uev result by Babar.

o Full reco tag on other B

e OFF 7(4S) data subtracted
from ON data

violation in b— s¢¢/ and B— D1y
22 24 26 2.
d B f . | bl' h bmentum (GeV/c)
Babar fa -tfactories: please publis

UHEP 908 10 semileptonic measurements

Y separately for electrons and muons
| ub
exclusive and inclusive H
Also new exclusive Vp using D de-
cays to constrain form factors [proo:
DN DGE BLNP GGOU

052022 (2015), arXiv:1412.5502].
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Charm: |
Looking for anything but
zero

sy

22/07/2015 - www koppenburg org
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AAcp OF D°— KtK~ AND D — ntp~

So6F
,+¥ 0.4
v 0.2
Belle praiim. S| EE— 2 i‘ Belle praim
— e <

L HCb prelim. (pion tagged)
1.0fb "

LHCb (Ilzuon tagged)
3.0fb

Wg;l_giaverage
| S T T TN NN T TR W W |

1
DA [%]
Acp(K*K™) = (—0.016 + 0.012)%

Acp(rt7n7) = (—0.05 4+ 0.15)%
AAcp = (—0.253 % 0.104)%

HCD
NCD PR 8 (P Violation and CKM Physics 29/7/2015 — EPS-HEP [48 / 50]
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http://www.slac.stanford.edu/xorg/hfag/charm/May14/DCPV/direct_indirect_cpv.html

[LHCb, LHCb-PAPER-2015-030, in preparation]

CP ASYMMETRY IN D% — KOKJ

o D%— KOK? proceeds via two 2 Tveimirary,. | 2 [ *
annihilation diagrams =» in SM phases ; HE
should cancel i o b
LAASURT 3
et
§m ;zhfd T
o Can only trigger on cases where both ... *w (IR A
0 - I - n Am [MeV] Am [MeV]
KS decay in Velo (“LLtrig") o

o Three other categories with 0 (DD), 1
(LD) or 2 (LL, but not triggered) K?
in Velo ‘

Entries / (0.33 MeV)
Entries / (0.33 MeV)

=» 600 decays, tagged by D* charge MMW Z
Acp = —(2.9£5.2 +2.2)% (Prelim.) 45
)

Compatible with CP symmetry

150 [

Am [MeV]
% Patrick Koppenburg CP Violation and CKM Physics 29/7/2015 — EPS-HEP [49 / 50]


https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2015-030

« LHCB had a very good start in Run Il
=» We are commissioning the trigger and processing of the
future
v/ First bb cross-section
* CP asymmetry measurements consistent with SM

=» Precision and penguin control improving
v Expect all uncertainties to go down with LHC & Belle
1

+ There’s something going on with V,

« CKM matrix elements are crucial input to rare decays
=» See Karim’s talk

Conclusion

e
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[CKMfitter 09/14]

UNITARITY TRIANGLE

L
itarity tri i : T s
The unitarity triangle with only constraints from angles |~ "t ~°

07 L .
C2 ' % won
06 o Summer14
SN 3
< =
05 —§ —
E s sin Zﬁ sol.w/'cos 2 < 0 J
F B ' (exclatCL > 0.95)  —
i 4 -
04 3 . -
g + .
1= g ' ) -
0s - | o -
F 1 o -
0.2 — ' —
= I -
E h -
E H J
01 : =
— v B "
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[Preliminary]

_ =
B"— p*p D>

Belle performs a tagged time- Sosl
. . L] 0.8,
dependent angular analysis using g3 ™
their full dataset 98
0.4
B(B® — pTp~) = (28.3 £ 1.5 (stat) = 1.4 (syst)) x 1076, 0.3H! 68%
fr.=0.988 £ 0.012 (stat) = 0.023(syst), 0.2F
Scp =—0.13£0.15(stat) £ 0.05 (syst), 0.15
Acp = 0.00 £ 0.10(stat) = 0.06 (syst) 0
0 120 150 180
= a = (93.7 £ 10.6)° from isospin analysis %
& g G
= S g
£ @ &
2 &

01 0 0.1 5
AE [GeV] cos(6;)

Normalised
Residuals
P
Normalised
Residuals
i
asymmetry
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I INTERPLAY OF CKM AND RARE DECAYS

CKM matrix elements uncertainties dominate in many “clean”
measurements
o SM BF uncertainties on K?— 7% and KT — 7tviy dominated
by CKM uncertainties
e Wilson coefficient extraction from b— séf affected by form factors
and CKM elements.
o BY— putpu~: 6.9 of 8.5% theory uncertainty comes from CKM
elements
We are entering a regime where an improved knowledge of the CKM
matrix will help constraining new physics in rare decays.

C
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[De Bruyn, Fleischer, JHEP 1503 (2015) 145]

PENGUINS ROADMAP

ANE(By — J /") AT | AN (Bs — J/0)
A By = I | e | ABE(B, — J/0) -

‘\ Minimal Fit

|
|
|
|
|
|
|
1
|
| N
| BBy — I/ B(By — J/¢K™) Alp(Bs — J/vE™)
|
|
|
|
|
|
|
|
|
|

New Link
" Extended Fit

Lo oo o DD ool |

| Test 1 Old Input

l ‘ QCD Calculations ‘ ]
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[DO, Phys. Rev. D 89, 012002 (2014), arXiv:1310.0447]

DIMUON ASYMMETRY AT DO

@ DO measure the inclusive

«20.02 \ i

& DO, 10.4 b single muon charge o
AL JT. = 0.0042 asymmetry and the like-sign

(SM, 10.0008) dimuon charge asymmetry
of 1 @ Interpreted as semileptonic

charge asymmetries as
Asl = (—0.62+0.43)%
-0.02 - E

- Standard Model
1 po B">u'DX
| [[J p@ B.—u'D; X @ 30 deviation from the SM

-0.04 | * Central value from |
dimuon asymmetry

S = (—0.82 + 0.99)%

20.04 0.02 0 0.02
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[LHCb, Phys. Rev. Lett. 114 (2015) 041601, arXiv:1409.8586]

SEMILEPTONIC B° ASYMMETRY A

o Use 1.8M B®— D~ ytu, X and 340k «

0 = F LHCh  + Daa

— 12} £ — —_ 4

B°— D*~ptv, X and measure charge§ wne DU Tsgu 7

. E - B” bkg. ]

asymmetry versus decay time s Comb. bkg.

X10° SOF S E

3 ER ;

3 ] £ E

= el E

@ q < I
\‘1‘/ 3 10

> E tps]

o 3 LHCb + Daa E

g '

i g. E

- Comb. bkg.
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@ Use 1.8M Bo—> D~ ptv,X and 340k ¢

asymmetry versus decay time
o Time distribution (¢ = +1 for f, f)

Asymmetry [%]

1
N(t) e 4t [1 + CAp + Ciaj

1
—C (Ap + 535) cos Amdt]
allows extraction of
Ap(7 TeV) = (—0.66 £+ 0.26 + 0.22)%
Ap(8 TeV) = (—0.48 £0.15+ 0. 17)°/~

o Consistent with [Lrce, hys. Lett. B739 (2014) 218,
arxiv:1408.0275] (gives pr,n dependence)
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[LHCb, Phys. Rev. Lett. 114 (2015) 041601, arXiv:1409.8586]

SEMILEPTONIC B% ASYMMETRY A9

B®— D*~ptv,X and measure chargegloooi

500F

LHCb Da: E
+ — Tot; q
Dy 7rSgnd 7

- B" bkg. 3
Comb. bkg.

N oo
U L R

10
t[pg
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[LHCb, Phys. Rev. Lett. 114 (2015) 041601, arXiv:1409.8586]

SEMILEPTONIC B® ASYMMETRY A%

= L S N P B T =
X Tt Standard Model ]
== [ ]
Y S, - ]
-1F % =
[ 2 i
[ & ]
20 8% E
- I 3 -
[ = o DI()HC(})) DOy ]
3 DYuvx —]
3- 8 BaBarDy/v b
C BaBar # ]
L | Belle # | | ]
4 TR e
- -2 -1 0 1
d ro

ad [%]
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ag = (—0.02+0.19 + 0.30)%
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@ Surprising deviation
from SM expectation in
d
(a§, a3) plane from DO
results [Phys. Rev. D 89, 012002

(2014), arXiv:1310.0447]
@ LHCb measured a with
1 fb1 (Phys. Lett. B728 (2014)

607]

=» New LHCb result of a9

with 3 fb~1

e The a; update will
come soon
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b FRAGMENTATION FRACTION f;/fy

Fraction f; of b— B9X is an essential ingredient
for B — ptp~ and other rare decays

o LHCb has measured it in two ways
o Ratio of b— DX to b— DT uX modes

[LHCb, Phys. Rev. D85 (2012) 032008, arXiv:1111.2357]
o Ratio of B®— DK and B? — D} modes
[LHCb, Phys. Rev. Lett. 107 (2011) 211801, arXiv:1106.4435]

=» Combination [LHCb, LHCb-CONF-2013-011]

f‘
(—5) = 0.259 + 0.015
fa LHCb

o Similar to LEP, and below Tevatron result

@ Quite ironic it's known better than at the
T(55)
=» B? BFs better measures at the LHC

[LHCb, LHCb-CONF-2013-011]

Events / (8 MeV/c?)

Np o+ —4103£75
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[LHCb, Phys. Rev. Lett. 113 (2014) 211801, arXiv:1409.4619]
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5 % rh e i S .
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02 07
‘Wrong-tag probability, c(n)

0‘4
Wrong-tag probability, w(n)
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[LHCb, Phys. Rev. Lett. 113 (2014) 211801, arXiv:1409.4619]

¢s FROM BY — DD,

@ Time dependent CP

? :
§_ 10° LHCb _ analysis of _
= : B? — DF D7 with
g 0E - B%— DD as
2 control.
° L | o Time acceptance from
E data and resolution
. ] 1 from MC
5 10
Decay time[ps] o Excellent tagging
= 5
= power of 5.3%
o (P e o
gt
T T

$s = 0.02 +0.17 £ 0.02 rad
or ¢s = 0.02 4+ 0.17 + 0.02 rad with CPV |A\| =0.91 7218 1+ 0.02
0.15
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o The CKM angle + is the least constrained
angle of the unitarity triangle,
v= (731 ?O)O [LHCb, LHCb-CONF-2014-004]
o BT — D(hhmO)h* [Phys. Rev. DO1 (2015) 112014],
BP — DK™ [Phys. Rev. D90 (2014) 112002,
Bg — DF K= DHEP 11 (2014) 060],
B — D(Kgﬂ+7r_)hi [JHEP 10 (2014) 097],
[Nucl. Phys. B888 (2014) 169],
BE — D(KOKT)hT Phys. Lett. B733 (2014) 36]

unlimited precision [Brod, Zupan, JHEP 1401 (2014) 051]
o Here look for B~ — DK~ nt7x~ and

B~ — Dr ntnx~ with D— K¥r*

(ADS) and D— h*h~ h =7, K (GLW)

% Patrick Koppenburg CP Violation and CKM Physics

@ But it can de determined in tree decays to

2
)

s vic

Events / (50 Me'

2
g

[LHCb, submitted to Phys. Rev. D., arXiv:1505.07044]

v WITH B~ — DK ntnr~ AND B~ — Drn 7™

15000

0000

Events / (50 MeV/c?)
8
8

200|
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http://arxiv.org/abs/1505.07044
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2014-004
http://arxiv.org/abs/1504.05442
http://arxiv.org/abs/1407.8136
http://arxiv.org/abs/1407.6127
http://arxiv.org/abs/1408.2748
http://arxiv.org/abs/1407.6211
http://arxiv.org/abs/1402.2982
http://arxiv.org/abs/1308.5663

[LHCb, submitted to Phys. Rev. D., arXiv:1505.07044]

v WITH B~ — DK ntnr~ AND B~ — Drn 7™

B (') K

B[] K'nim

LHch

Candidates | (10 Mevig?)

H

]

Candidates | (10 MeVIc)
i

H

andidates (10 Mevic?)
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H

|
Candidates (10 Mevic?)

]

Mase Mevics)

Top to bottom: GLW X;
and Xy modes, ADS X,
and Xy modes

Between 90k (favoured
B~ — Dratn7)
and 20 (DCS B~ —
DK~nt7n~, 30) decays
seen
29/7/2015
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A combined fit to all CP observables gets _,

68% CL. At 95% there are no constraints
yet.

RES T = 1.043 £ 0.069 + 0.034,
rpn = 1.035 £ 0.108 £+ 0.038,
AKTET = —0.019 £ 0.011 £ 0.010,
AT = —0.013 £ 0.016 £ 0.010,
AE ™ = —0.002 £ 0.003 £ 0.011,
RY = (428 +5.3+2.1) x 107",
R¥a = (42.54+53+2.1) x 1074,
AKTKT = 0,045 £ 0.064 £ 0.011,
AE™ = —0.054 4 0.101 + 0.011,
AKX = 0.013£0.019 +0.013,
R = (105%59 £11) x 107 [ < 0.018 at 95% CL ],
R¥ = (5455 £6) x 107" [ <0.012 at 95% CL ].
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1-CL

v = (74%29)° and r% = 0.08+0.03at 7 -

[LHCb, submitted to Phys. Rev. D., arXiv:1505.07044]

v WITH B~ — DK ntnr~ AND B~ — Drn 7™

— B DK 1, D~h*h", 3fb*
B —Dh1m, D-h*h", 3fb*

F LHCb 1
0.8 -
06F 42 B
04 l‘\ 633/
0.2F

L 95.4%

0 I I I
50 100 150
o
v
12F — B -DK'mw, D-h'h, 3fb? 3
r B -Dh 1, D-h'h, 3fb? 1
1 T T T T T ]

r y LHCb 1
0.8 -
0.6~ 0i0819%°

E 00821095
04R,  68.3% oA
0.2F __d4 ]

L 954 ]

0 L I
0 0.05 0.1 0.15
rDKTm
B
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[LHCb, Phys. Rev. D91 (2015) 112014, arXiv:1504.05442]

v WiTH Bt — D(h*h 7% K™ (ADS/GLW)

B 8

Events/ (10 Mev/c?)
Events/ (10 Mev/c?)

_8

5600 5800
m(DN) [Mev/c?]

8 8

LHCh

B KKK |

Events/ ( 10 Mev/c?)
Events/ ( 10 Mev/c?)

LHCh 7]

B e B KK T

5200 5400 5200 500 5600 5800 5200

5600 5800
m(Dh") [Mev/c?]

B~ — D(h*hTn%)h~ with 70 in the final state:

37k D(K— 7t 7% ~, 3k D(K~mt7%)K—, 88+£20 D(K+*7~=%)m~ (FO),
40+ 13 D(K*t7r~7n%)K=, 3k D(r—ntn%)r~, 164 4+ 27 D(x~ 7 70)K~,
D(K*K=79) 71—, 76 + 17 D(KT K~ 7%=~ (FO).
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http://arxiv.org/abs/1504.05442

[LHCb, Phys. Rev. D91 (2015) 112014, arXiv:1504.05442]

v WiTH Bt — D(h*h 7% K™ (ADS/GLW)

@ Ratios R of suppressed to favoured modes and asymmetries A of
B~ and BT are determined following ADS (pros3 0se00s) and GLW
prescriptions [pLe26s 172].

o hth~ 70 is almost a CP eigenstate (quasi-GLW).
o Systematics dominated by mass PDF and instrumental ymmetry for
kaons

=» Bounds on «, rg and dg. Consistent with average [trcb-conr-2014-001).

AREE = —0.20 £ 0.27 £0.04
ARFE ) = 0.438 % 0.190 £ 0.011
ARKE 1) = 0.30 £0.20 £ 0.02
AT = 0.054 % 0.091 0011
AKER = —0.030 £ 0.040 £ 0.005
AZEvm = —0.016 % 0.020 £ 0.004
AR — 0,010 + 0.026 + 0.005
REBE ¢y = 0.0140 & 0.0047 £ 0.0021
RIET. ) = 0.00235 % 0.00049 % 0.00006
REE = 09540224005
Ry = 0.98 £ 0.11 £0.05

7
)

20 40 60 80 100 120 140 160 180
v [degrees]

20 40 60 80 100 120 140 160 180
v [degrees]
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[LHCb, JHEP 06 (2015) 131, arXiv:1503.07055]

CPV 1N BY— JAh KO

In B — Jip K the penguin is enhanced by
a factor 20 wrt the tree, compared to B® —
I KS

=» Penguin control for B — J/i) K? Bly
X Cabibbo-suppressed

[ = Nre'™/ "8 [cosh (AT t/2) + Aar sinh (AT t/2)
—Smix sin (Amg t) + Cgir cos (Amg t)] ,

SM predictions: [pe Bruyn et al., arxiv:1412.6834] G) T/

,
Colour singlet,’ c

Aar (B = JWKY) = 095740061 el
Cair (B2 — JAKS) = 0.003+0.021 O ey 0
s) 4 K{
Six (BY — JpKO) = 029 £020 "

d(s) d(s)
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CPV 1N BY— JAh KO

[LHCb, JHEP 06 (2015) 131, arXiv:1503.07055]

In B — Jip K the penguin is enhanced by
a factor 20 wrt the tree, compared to B® —
J KS

=» Penguin control for B® — J/i KO

X Cabibbo-suppressed

Events/ (2 MeV/c?)

@ Selection in three steps:
@ Preselection, identical to B®— J/p K?

o o gk
T

5400 5500
My (MeV/c?)

@ NN to suppress B® — Jjp K*
background (LL)
© NN to suppress background

Events/ (2 MeV/c?)

10‘M

i, Downstream K;’

LHCb

ol il

bt

it

(KL (e W ke

-5k
5200 5300

5400
My ™ evlcz)
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[LHCb, JHEP 06 (2015) 131, arXiv:1503.07055]

IN B — Jj KO

o Time-dependent

§ ol : d fi
2" g tagged fit
g we g e Identical to
B B ok BO — Jhp K?, except
; ; for same-side kaon
1 1F
5 5 703 ¥ e That has some
Cﬂﬂl lmnluﬂlwm S Cnlu 1"14' s Impluln r|| i il .
o J i o i efficiency on the
° T ® R BP, when its
_ R decision is reversed
3 @ 3
= =
N o~
= e =
g g
£ £
5 10 5
g g
(8] (&)
15, 1 | 3
= 5| = 5E =
I a ol AALI.VIh._ﬂ“ "l'Mr'nld“m' e
S 5300 5400 5500 B e o
My, 0 (MeVic) My 0 (MeVIE)
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[LHCb, JHEP 06 (2015) 131, arXiv:1503.07055]

CPV 1N BY— JAh KO

With 3 fb~1 we can

2 2
b=y S make a measurement
g g but are not sensitive
8 § o to penguins yet

1k
H E

Cnlu 1"14' i Iml ‘I“n r|| i Ty

iy

5 10 i
t(ps)

o
Aar (BS — J KS)
Cair (B — J K?)

Smix (B — Jib K?)

0.49 *3T7 (stat) 4 0.06 (syst) ,
—0.28 - 0.41 (stat) =+ 0.08 (syst) ,
—0.08 £ 0.40 (stat) = 0.08 (syst) .

B(B) = JK3) _
B(B0 S ko) ~ L0431 4 0.0017 (stat) £ 0.0012 (syst)
+0.0025 (f,/fy)
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[LHCb, Phys. Lett. B736 (2014) 186, arXiv:1405.4140]

¢s IN B — Jppm—mt

o F ; , ; ;@ Follow-up of CP-components in
7000 1 _
g 2 Bg — J/’(’ZJT(- 7I'+ [Phys. Rev. D89 (2014) 092006,

I arxivil402.6248] => > 97% CP-odd
e Tagged time-dependent angular
1 analysis
A\ 3 o Use opposite and same-side taggers
oEe: - e o Effective power 3.89 + 0.25%

5300 5400 5500
m(Jyrn'n) [MeV]

® Daa
—Fit
~Signal
Background
980)
1525)
1270)
1500)
- £,(1790)

LHCb |

10%

Events/ (20 MeV)

0.5 1 1.5

2
m(r') [GeV]
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[LHCb, Phys. Lett. B736 (2014) 186, arXiv:1405.4140]

¢s IN B — Jppm—mt

—~ 1600 " " " ; = _ _ H
z o 4 °© Follow-up of CP-components in
? 1200 é Bg — J/’l’ZJ 7T_7T+ [Phys. Rev. D89 (2014) 092006,
g '222 E arxiv:1402.6248) =¥ > 97% CP-odd
'g I R Taggeq time-dependent angular
© ol E analysis

200 = i .

of — F—s o Use opposite and same-side taggers

e e (5) o Effective power 3.89 4 0.25%
2 4 6 8

Decay time [ps] @ Result: ¢s = 75 + 67 + 8 mrad
o ¢s =70+ 68+ 8 mrad and

g5uf TR A = ’gﬁ“ — 0.89 4+ 0.05 + 0.01 if
e 3 CPV allowed

o Consistent with SM
¢s = —36.3 + 1.6 mrad and
BY— JKK: ¢s =70+ 90 + 10

0 o1 . Rev. 201 Xiv:1304.2
3 tlmemoduloanAms(ps) [Phys. Rev. D 87, 112010 (2013), arXiv:1304.2600]
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[LHCb, Phys. Lett.

AMPLITUDE ANALYSIS OF B%— p%p°

B747 (2015) 468, arXiv:1503.07770]

B — pp sensitive to a but size of

. . .. . >2505—
penguin must be determined via isospin 2 L
. 2 200F
analysis of charged and neutral modes. Il
. . . S 150§
@ Discrepancy in polarisation of 3

B%— p%p0 : f; =0.12 fg:gg at

Belle (proso, 072008, arxiv:1212.4015] and

—+— Daa
— B’ ~ (Tm)(rm)
— B - (')
< Combinatorial B
... Partially reconstructed
B’ — (K'm)(rm) ]

0.12
fL =0.75" g1z

071104, arXiv:0807.4977]

at BaBar [provs,

5300 5400 5500
M (reTt)(reT) [MeV/c]

o Select B — (nt7 ) (nt77)
300 < m i~ < 1100 MeV/c? (no

3

z
charge ambiguities) §1%
=» 634 £ 29 decays % 1%
o BY— ¢K* used as normalisation ~ %0
channel 400
200

% Patrick Koppenburg
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~ 5200

—4-Daa

— B . (K'K)(K'T)
— B . (K'K)(KTT)
e Combinatorial

- Partially reconstructy

ng'

5500
M (K*K)(K*TT) [MeV/c]]
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[LHCb, Phys. Lett. B747 (2015) 468, arXiv:1503.07770]

AMPLITUDE ANALYSIS OF B%— p%p°

3

Yield/ (0.314)
8 3B

n
o

600 800 1000, - . . R 2
M(rm), , M evid cosh, , d[rad]

o Amplitude analysis used to determined the VV (p°p° and p°w), VS
(p°fy and p°7F77) and VT (p°£(1270)).

o F, =0.745 5538 + 0.034 (same as BaBar, more precise)

o BFs normalised to B — ¢K*:
B(B® — p°p°) = (0.94 +0.17 £+ 0.09 + 0.06) x 10~° and
B(B®— p°%(980)) x B(fy— 7wFm~) < 0.82 x 107°
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http://arxiv.org/abs/1503.07770

[LHCb, Phys. Rev. D90 (2014) 052011, arXiv:1407.2222]

CP VIOLATION IN BY — ¢¢

o BY— ¢¢ is a QCD penguin

5l o induced decay. Allows to measure
I the phase of interference of mixing
é 10 and decay. SM prediction is ¢s = 0.
5 @ Select almost 4000 decays and do a
e \ time-dependent tagged angular
Z ikl analysis
5300 5350 5400 5450
M- MeV/c - €D2 >~ 31%
£ LHCb
§ L 2012
2 10;
2 |
5
d A L I L
s RRTARARRC RN
a [ ¥

r
4
v
3
2

+
;

5300 5350 5400 5450
M- Mevie?]
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[LHCb, Phys. Rev. D90 (2014) 052011, arXiv:1407.2222]

CP VIOLATION IN BY — ¢¢

o BY— ¢¢ is a QCD penguin
induced decay. Allows to measure

the phase of interference of mixing
and decay. SM prediction is ¢s = 0.

Select almost 4000 decays and do a
time-dependent tagged angular

10°
100
10

10t
102
10°

Candidates/ ( 0.32 ps)
=

10% P bl analysis
Decay time [ps] = D?~3.1%
B ¥ LHCb
9
(=}
4]
8
=]
=}
%
o
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[LHCb, Phys. Rev. D90 (2014) 052011, arXiv:1407.2222]

CP VIOLATION IN BY — ¢¢

3 350F ‘ o BY— ¢¢ is a QCD penguin
S 300?— LHCb induced decay. Allows to measure
% 250; the phase of interference of mixing
% ig; and decay. SM prediction is ¢s = 0.
O 100t e 3 @ Select almost 4000 decays and do a
500 E time-dependent tagged angular
gy analysis
cosd, = D?~3.1%
3 ss0f LHCh & @ ¢s=—0.17+£0.15+0.03
P 1 (A=1.04+0.07 +0.03)
¢ me
S 20055 —~ @ T-odd triple product asymmetries:
Baso- >~ F e
Cwo- L TEEETTL Ay = —0.003 + 0.017 + 0.006
50F .- e 4
ok ‘ ] Ay = —0.017 £ 0.017 4+ 0.006
-1 05
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D°— hh Ar WITH SEMILEPTONICS

[LHCb, JHEP 04 (2015) 043, arXiv:1501.06777]

Measurement of time-dependent CP violation

; t
Acp(t) ~ AdL — Ar= £
T

=z o

¢Daa
—Tolal fI!

-Comb bkg

nrﬁ-—ﬂJrv'\‘-r\-r‘- n-i.r-.vT-.-.M

where Ar is the asymmetry of effective limetimes
of D° and D°.
In terms of mixing parameters x and y:

py Candidtes/(1.35 Mev/c?)

1 .
Ar ~ (5 'g;,x—Ad")ycow—xsingb

1850 1900
M(KK*) [Mev/c?]
x10°

T
—~Data

@ This is measured for D°— K+K—,
D% — 7t7~ and D°— K—xt in 2509
semileptonic B decays 200

1900
M(rtT) [MeV/ic]

¢Daa 3
—To'al fI! 3

-Comb bkg E|

nuet«,.-r...lﬂ.liﬁ-‘.»-mwu
i 1850

MK~ rr) [Mewcq
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D°— hh Ar WITH SEMILEPTONICS

Measurement of time-dependent CP violation

- t
Acp(t) ~ AZr — Ar—

e This is measured for D° — KTK—,
D% — 7tn~ and D°— K~ nt in
semileptonic B decays

o Lifetime obtained from D% to D — hh
vertices

o Mistag asymmetry is the largest systematic
uncertainty

=» Mistag larger for larger lifetimes. Checked
with D° — K=+

% Patrick Koppenburg CP Violation and CKM Physics

[LHCb, JHEP 04 (2015) 043, arXiv:1501.06777]

Pull

AF 1%

5 &
QU
Lo
49
El

+baa 4
— Linear fit
£+ 10 band]

Mistag probability
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[LHCb, JHEP 04 (2015) 043, arXiv:1501.06777]

D°— hh Ar WITH SEMILEPTONICS

Measurement of time-dependent CP violation

- t
Acp(t) ~ AZr — Ar—

where Ar is the asymmetry of effective limetimes
of D° and D°.
In terms of mixing parameters x and y: BaBar D°th |

Belle D hh) —_—————

CDF D°-KK| ——e——

1 . . .

LHCh D°~ KK B
: LHEp D ——
We measure: ENISE R e
LHCh D° - KK —e—
(30fb™, mucur(\) tagged)
- _ +0.026Y0 et I S
Ar(KTK™) = (—0.134 £ 0.077 £ 5:032)%,  Srdmems o
04 -02

Ar(mtnT) = (~0.092 + 0.145 +5:925)9 .

3 fb~! Prompt still to come
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[LHCb, Phys. Lett. B740 (2015) 158, arXiv:1410.4170]

CPV IN D°— 7#t7~ 7% WITH ENERGY TEST

T g g s © Model-independent search for
g 0 LHCb 140§ N 0 LHCb o g .
g freohed ™ @ g § [méeed 0 B, % local CP asymmetry in tagged
& 00 18 130 —
£’ o E = D% — 7770 decays.
f 60 E 20
g P s o Use resolved (both ~ seen)
e s B W e and merged 7°
1 2 3 1 2 3
(et (5ot () (v o 2fbtat8TeV
— T T T 8
% 3 LHCDb T|!1403§
v [ © 141503
S 115
e 2 4 41009
B | {40 _ o
€T 1 deo §m @ LHCb | gaoooo @ LHCb
1+ - E resolved 7° E merged 70
- 1740 < o000 1 S 200000 1
R 140§t 14
L ;; 1 1 1 i EZMO* P! 1 EIOM7 ]
% 1 2 3 ¢ ¢ - °
M1t Te) [GeV2/c4] Q% s m0 1% %o s 1m0 1

Am[MeV/c?] Am[MeV/c]
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[LHCb, Phys. Lett. B740 (2015) 158, arXiv:1410.4170]

CPV IN D°— 7#t7~ 7% WITH ENERGY TEST

@ Model-independent search for
local CP asymmetry in tagged
D% — 7770 decays.

o Use resolved (both ~ seen)
and merged 7°
o 2fb ! at8TeV
-1 @ Energy test: Unbinned test of
2 compatibility between D° and
D° Dalitz distributions

. o Based on distance in
MRt Te) [GeVcd] phase-space of events

o] @ The data are found to be

] consistent with the hypothesis

of CP symmetry with a p-value

" ] of (2.6 +0.5).

g

w

N
o [ N w
Significance

(i TP) [GeVZcH]

Entries
2
C
T
o
e

5
Tvalue[10°]
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