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Three Angles: (¢ ,,@,,@,) or (B, a, y)

ICHEP 2014: New
Belle result on 1t° ¢

Unitarity implies that the
weak couplings and phases
form a triangle in the
complex plane.

Vv, Vi Vs
( ==
VC’GFVCE:?
ICHEP2014: LHCb results @
B-2>D¢p K | oncpvinB,>D K

(A. Dziurda)
Big Questions: Are determinations of angles consistent with

determinations of the sides of the triangle ? Are angle
determinations from loop and tree decays consistent ?



Time-dependent CP violation is
“A Double-Slit experiment” with particles and antiparticles

QM interference between two diagrams
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Measures the phase of V.4 or equivalently the phase of
B,—anti B, mixing.
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Measurement of sin(2¢,)/sin(2f) in Charmonium K" modes
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Overpowering evidence for CP violation (matter-antimatter
asymmetries). >>>>The phase of V.4 is in good agreement with
Standard Model expectations




sin(2p) = sm(2¢1) FIa

PRELIMINARY
BaBar A 0.69 +0.03 + 0.01 ie<: Hi 1<
Lo 2009) N § f B factories: ngh precision
BaBar g ’ :  0.69+0.52+0.04+0.07
S KON LI ‘ CPV measurement and a
BaBar J/y (hadronic) K. 1,56 +0.42 + 0.21 i i
ot Al LR TG F calibration for NP.
Belle : : 0.67 +0.02 + 0.01
PRL 108 (2012) 171802
ALEPH 0.84 *152+0.16
PLB 492, 259 (2000)
OPAL : 3.20 *18 + 0,50,
EPJ C5, 379 (1998) .
EF%: 61, 072005 (2000) 0.79 %54
LHCb 073:0072004 | 2013: LHCD has
PLB 721 (2013) 24 joined the game.
Belle5S 0.57 +0.58 + 0.06
PRL 108 (2012) 171801 L]
Average : 0.68 + 0.02 |
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J. Bernabeu et al point out that by comparing decays with
t tag >t _decay and vice versa, one could check for T violation at
the B factories. N.B. This does not assume the CPT theorem.

BaBar (Valencia) did this and found a 140 signal for T violation !



M. Petric New Belle result on B%T[O T[O Timing eliminates

calorimeter pile-up bkg

B’ — 77" — fit results (Preliminary)
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A difficult mode for hadron colliders




Results from Global Fits to Data (CKMFitter Group)

ICHEP2014: Similar results
from UTFIT (D. Derkach) as
well from G. Eigen et al.

Great progress on ¢, or y (first
from B factories and now in the
last two years from LHCb (several

L O
new results at ICHEP2014). These ‘
measure the phase of V,
1'5[—'"%"’!‘*'*“""[“_ ™ NP
S L - Phase ,
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sl it 1, MR NP/SM amplitude ratio
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P But a 10-20% NP amplitude in B
d
Looks good

mixing is perfectly compatible

(except for an issue with |V, |) with all current data.




Bg u,c,t u, Eg

Although B factories can run on \ No phase expected from SM but

the Upsilon(5S), LHCb possible from NP particles
dominates here 9




B.—Jhp¢ angular and decay time
projections

PRD 87 (2013)112010 arXiv: 13042600
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B. 2J/W is a pseudo-scalar to V V decay (mixture of two CP

eigenstates). This requires multi-dimensional angular analysis.
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However, B, 2J/U f,(980) is a pure CP
eigenstate since the f, (980) is a scalar.

Stone & Zhang pointed out that this mode provides more statistics and a more
straightforward analysis. Phys. Rev. D79 (2009) 074024.
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Results on the phase of B .-anti B,
mixing (i.e. phase of V)

LHCb 1.0fo " + CDF 9.6fb '+ D@ 8fb~ +ATLAS 49fb™
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R. Aaij: Does not include arXiv: 1405.4140 using Does not include new CMS
J/ynt decays, which are dominantly S-wave. result at ICHEP2014 (G. Fedi) 1>
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\ No phase expected from SM but

possible from NP particles
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Phase of
Vts

ICHEP2014: New
Belle results on
B2ow K,

B>n’ K
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Talk by

V.Chobanova 2[3 = sin(2 ) New Physics Phases in
( ) q)l Moriond 2014 .
| rrecvmary — Penguin b—=>s decays
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M. Needham

But LHCb dominates these B, modes
Again, NP Penguin phase is
found to be consistent with zero

Results are found to be:

¢s =—0.17+£0.15+0.03
= 1.04+0.07+0.03

-A In Likelihood

IA0]2=0.364+0.012+0.009
IA.[2=0.305+0.013+0.005

First uncertainty statistical and
second systematic



“Missing Energy” Decays
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The BEH boson is now firmly
established by experimental
results from ATLAS and CMS.

B | FON LEDERMAN

CHRISTOPHER HILI

Does the GP (Brout-Englert-
Higgs particle) have a “brother”
i.e. the charged Higgs ?

Measurements at B factories and direct searches-at hadron colliders
take complementary approaches to this important question. 18



B*=27r* v,

(Decays with Large Missing Energy)

b N
Sensitivity to new (H"W"
physics froma )} A
charged Higgs
\
Gimp m2\ 5 5
B(BY — 17v,) = 3 mi (1 ——1 [Vl 7B
0 'TTI-B
-
[';( B—Ttr) = lg_g;_u X (1 — t'dll2 ‘_1'3 ’-’.lé,’i ) I
My

The B meson decay constant, determined by the B
wavefunction at the origin

(|V,,| taken from indep. measurements.) 1



Consumer’s guide to charged Higgs

Higgs doublet of type | (couples with equal

strength to upper and lower generations)

Higgs doublet of type Il (couples with different

strength to u and d-type quarks, tan(B) = v /v,
(favored NP scenario e.g. MSSM)

Higgs doublet of type lll (not type | or type Il;

anything goes)




Why measuring B—>7 v Is non-trivial

Most of the
sensitivity is
from tau modes
with 1-prong

B*otv,, tToetv,v,

The experimental signature is rather difficult:
B decays to a single charged track + nothing

(This may be hard at a hadron collider) 21



Example of a Missing Energy Decay (B- =2 1t v_) In

Data

Exp 33 Run 678 Farm 0 Evenl 1707483

Bt — D'%x*
(— Ko whsw)

BT — 17(— evi)v

The clean e+e- environment makes this possible

22



Example: Belle measurement with
full data sample and hadronic tags

Idea: With the “single B meson beam”,
we look for a single track from a T,
missing energy/momentun and extra
calorimeter energy close to zero.

S350 143+35.5 1

Eznc-: | )

2ol sianal | With the full B factory
Semileptonic 5~ | 3'9nd o v “evid ”
tags 200 4 statistics only “evidence”.

160 |

No single observation from
either Belle or BaBar.

100 E

50 background
O b i

0 02 04 06 OB 1 _ 12
Ecp (GeV)

The horizontal axis is the “Extra Calorimeter Energy”

23



Complementarity of e+ e- factories and LHC

(Slide adapted from A. Bevan) b "
The current combined limit places a (H' W)
stronger constraint than direct searches [/} ~
from LHC exps. for the next few years.
V
-1
120 5 1ab
= ‘ TR
£ 100 | 7 15ab 2
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g0 4 [/ rg = (1 — —2 tan® 3
L H
3 .
OE
§
20 1 &1
‘5,,1 | . Currently inclusive b to sy rules
20 3 '5!'.1 ] ’ This region is allowed out m,, below ~400 GeV/c? range
:-;,,./ L (independent of tanf)
0 + | — http://arxiv.org/abs/1208.2788
0 1 2

Mi: [TeV]
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W~ /H <5
b - ¢

B{ _ - ()

R p'* JaHDM 'R.':”[H}}:;M FA e

%ﬂw D¥*tv
A e (GeV?) I -3.20 £ 0.32 -0.230 £ 0.029
B (GeV?) 16.9 + 2.0 U.643 £ 0.085

B{E—}- D(*]T_I_JT) ——  Signal
B(B — D*){-7,) —— Normalization (/= e or 1)

R{D{f*}} —

Slide adapted from A. Soffer
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Example from a recent BaBar paper

Signals in B> D) tu (489+63, 888+63)

Missing mass variable:

rnmiss2 =pmi552=(p[e+e-]'ptag-pD(*)-pl)2

P,"= momentum of lepton in B rest frame

Events/(025 GeV®)  [Events/(100 MeV) in insets]

Production of B meson pairs at threshold

) [1] i 4- [] 8

is critical to the separation of 2., (GeV?)
backgrounds from the missing energy/ BT e WT e e
momentum signal. e e e o ] o

l#3| projections for m2;, = 1GeV?, which excludes most of
the normalization modes. In the background component, the
region above the dashed line corresponds to charge cross-feed,
and the region below comresponds to continuum and BE.

26



—J_JH)

5

e Background for B> D")tv analysis

BABAR@ICHEP2014: multi-
body semi-leptonic b—=>c decays

e Fully reconstruct tag B and
semileptonic signal decays,

B =2 DUIn*rtlv
e Averaging B* and B9, significance is
5.1c for Drt*rtlv, 3.50 for D rttrclv

e B>Dnntlv decays (including m°) fill
~1/2 of gap B(b—=>clv) =X B(B2>X_Iv)

Events/ (0.0375 GeV)

100

BABAR
preliminary

Events /( 0.0375 GeV )

» Parallel contribution by Thomas Liick

Mode
DOt

Dfrttrr

Dot

D™t

Signal
189 +39
57 £20
75 136
58 £19

BFx10% (quoted for B*)
21.0+45 +2.8 £1.2
11.4 +4.1 £2.6 0.6

9.2+4.4+2.0+0.3

13.2#4.5 +2.4 +0.3

Signif

4.4c éJ

2.60 <—

1.90
2.90

L NLOLuNw s

n

-
—
b—
-
-

v

—— Data

. O(°) <l v
S D'IlvandDlI v
B Dax=xlv

B D x=xlv(WS)
B D aalv
s Other BB
g== Continuum

B*=>DOrt*rrltv

U (GeV)

18 2 25

BABAR

Illl] llllllllllillllillll?lll

A\

—— Data

. O(°) nlv

B D'IvandDlI v
B Dx=xlv

B D x xlv(WS)
=D a=xlv
=8 Other BB
#== Continuum

B> Drtrrrlty

U ( = Emiss - |pmiss|)
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Limits on type-1I 2ZHDM

2HDM meodifies fit-
variable distribution
and hence the efficiency

....... =%y tan/s f Mg+ =
..._.:.;;:Eé"::i.éfz:':ifif".“."TITIT.'"'."iI'.T?TIT".'i."..'..: 044:£0.02 GeV

tangd/my+ =
0.75 + 0.04 QeV !

02—
0o 02 '0.4";' 06 08 1
M tang/my (GeV ™l
SM

[hensity/{GeV

02

=
o

0.1

B — Drv

10

m2 _ (GeV®)
S b — sM |
3 — tfm, = 3 GV
= — tfim,, =05 GeV"’
T —t&ﬁ:lﬂﬂei";
A Ir

=]
¥

Best point 15 tanf/m, = 0.45 GeV~1, excluded at 99.8% CL (3.1 o).

All other values (with my. > 15 GeV) are worse.
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BaBar collaboration, Phys. Rev. Lett. 109, 101802 (2012)

0.8F

«+— theory

Ril)

measurement

“However, the combination of R(D)
and R(D*) excludes the type Il 2HDM
charged Higgs boson with a 99.8%
confidence level for any value of

tan ( B)/m H+” : f;n ..-afﬂf;_k {Gef:_"_ 1 0% i

In other words, found NP but have killed the 2HDM NP
model.

A few points:

(0) Still waiting for the Belle update (PRD 82,.072005 (2010))

(1) If the R values fluctuate back down in the future, this will allow
NP from type Il charged Higgs to be viable.

(2) It is obvious that we need two orders of magnitude of data to
solve these issues related to the charged Higgs.




2014 is the 50t anniversary of the discovery of CP violation in the kaon
sector [see http://pprc.gmul.ac.uk/research/50-years-cp-violation

The Next Generation

Belle Il and the LHCb upgrade

US P5 report (p. v): “Explore the unknown: new particles,
interactions, and physical principles”

30




Physics Reach of Belle Il and the LHCb upgrade

Observable Expected th. | Expected exp. Facility
ACCUTACY uncertainty
CEKM matrix
|Vis| [K = iy e 0.1% K Afactory
V| [B — X ** 1% Belle 11
[Vas| [Bg — wiv] * 4% Belle 11
sin( 2 ) [eEK 2 *k 8109 Belle 11/LHCh
P2 1.5° Belle 11
ia ek 3° LHCh
cPrv
S(B. = up) o 0.01 LHCh
S(B, —+ ) ** 0.05 LHCb
S(B; = oK) 4 0.05 Belle T1/LHCh
S(By =+ n'K) e 0.02 Belle T
S(By = K*(— K27"%)) e 0.03 Belle 11
S(B; —+ ¢7)) ex 0.05 LHCb
S(Bq — o)) 0.15 Belle 11
Ay o 0.001 LHCh
Az ok 0.001 LHCh
ﬂC;JI[Bd —¥ S"}:I * (0.005 Belle 11
rare decays
B(B — 1v) ** 3% Belle 11
B(B — Drv) 3% Belle I1
B{By — pv) o 6% Belle 11
B(B, — pu) e 10% LHCb
gero of App(B — K pp) *E 05 LHCD
B(B — K'™w) sk 30% Belle 11
B(B — s7) 4% Belle 11
B(B., — 7 0.25-107% | Belle IT (with 5 ab™!)
B(K — m) = 109, K -factory
B(K — emv)/B(K — pav) ek 0.1% K -factory
charm and 7
Bt — py) ok 3-1077 Belle 11
lg/p|ln e 0.03 Belle 11
arg(g/oin T 1.57 Belle I1
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] SuperKEKB luminosity projection

Belle I
Belle/KEKB recorded ~1000 fb'. Now change units to ab™

70¢
> 00 Goal of Belle Il/SuperKEKB
] C
.g 50:
S 4o
3 :
3 30:
g5 20
C -
10— 9 months/year
C 20 days/manth
- I I R
x103° OF .
~ 8- Commissioning starts
= 6 in-2015. Physics-in 2017
= - Shutdown
E ~ 4 for upgrade
SE b o 10l o 1
A - 2?)12 2014 2016 2018 2020 2022

Calendar Year



Compare the Parameters for KEKB and SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0
330/330  1200/1200 | 32/25

c, /e, O 085068 | 027/0.21
002 01290090 | 0.09/0081
oo (A) 2.6/1.1 1.64/1.19 3.6/2.6

Luminosity (1034 cm2 s?) 1 2.11 80 _

Nano-beams are the key (vertical spot size is ~50nm II)
This is not a typo



K-I. Kanazawa@ICHEP2014

Colliding bunches

New superconductlng flnal
focusing magnets near the IP

\e' 26A . i =

KEKB to SuperKEKB

& Nano-Beam scheme
*
extremt?ly small £,
low emittance

| :H . H . ﬂH:{ _ ®Beam current)_(.z
> e [1 N ig{Tiéi;ERL]
b ol gl

40 times higher luminosity
34 35 -2¢-1

Replace beam pipes with TiN- 2.1x10% = 8x10% em?s

coated beam pipes with

antechambers (85% installed)

Redesign the lattice to reduce the
emittance (replace short dipoles
with longer ones, increase wiggler
cycles) (a/l magnets installed 8/2014)

L
==

Reifrce RF systems for
higher beam currents

Improve monitors and control system

Injector Linac upgrade
Upgrade p03|tron capture section
Low emittance

DR tunnel
RF electron gun

New e+ Damping Ring
constructed




Belle |l Detector

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2

EM Calorimeter: \
CslI(TI), waveform sampling
Pure Csl + waveform samp

ation counter (barrel)

electrons (7G€) erogel RICH (fwd)

r =
Beryllium beam pipe A
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layefs/|

\.

positrons (4GeV)

Central Drift Chamber >
He(50%):C2Hs(50%), small cells, Ic
arm, fast electronics

35



Barrel PID

A GEANT4 event display of a 2 GeV pion and kaon interactingin a
TOP quartz bar. (Japan, US, Slovenia, Italy)

Incoming
track

v

Vertexing/Inner Tracking

Beampipe  r=10mm

DEPFET pixels (Germany, Czech Republic...)
Layer 1 r=14 mm
Layer 2 r=22 mm

DSSD (double sided silicon detectors) FWD/BWD
Layer 3 r=38 mm (Australia)'taly
Layer 4 r=80 mm (India)
Layer 5 r=115 mm (Austria)
Layer 6 r=140 mm (Japan)

+Poland, Korea 36



“Missing Energy Decay” in a Belle Il GEANT4 MC
B2>1tv,t2evw B-2>Dn, D2>Knan

Zoomed view of
the vertex region
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SCOLE MOYTECHMIOUE
TEDERALE TME LALISANME

’ NEW DETECTORS!

A
y -
/
Sm [— ,f'f
/ /
/|
ﬂ,fl
J' RICH1
Vertex
Locator g

—5m

T
H R

A _1:_
_ _'|

Ring Imaging Cherenkov detectors: L |
Remove aerogel from RICH1+modify optical system.

ATy
|m P

Upgraded LHCDb detector

Tracking System: Calorimetry

Muon system

\
M4 M5 i

’1

\ W“ad

\

I\. I'I

(s

Remove M1.

Muon system:

NEW READ-OUT BOARDS!

5,
N

15 mrad. )

,
1'\.
b

."\.__ 5

A"

-\. ra
N \ kY "'\.__ 3
|
\

'\._\. b
, b

b
". %,
™,
"

Calorimeters:
Remove SPD/PS — no LO trigger.
Operate PMTs at lower gain
NEW READ-OUT!

-
i
;'I! 'y

v
s R

1 I | I |

15m

NEW PHOTON DETECTORS AND READ-OUT!

Ny
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P s
S U pgra de Tri gger

20 My = Trigger-less read-out.
= Zero suppression in front-ends.
l = Full detector data to Full Software Trigger.
= |nelastic collision rate is 30 MHz.

Full Software Trigger

LLT (optional)
profh, pe vy

l 15 to 30 MHz

Full track reconstruction = Full event recnnstructmh. |
= Run-by-run detector calibration.

Track fit n
RICH particle ID

Inclusive and exclusive selections

20 to 100 kHz = 210 GBytes/s to storage.

39

ll to 2 MHz

Perform simplified Kalman track fit.
= Add RICH information.

®» |nclusive and exclusive selections.




LHCb upgrade schedule

Schedule / timeline

Run at ~4 x 1032 /cm? /sec Expect (1-2) x 1033 /cm? /sec
LHCDb collect 5-7 fb1 collect 15 fb

e e e e T s g sy ey o

2014 2015 2016 2007 2018 2019 2020 2021 2022 2023

LHC LS1 LHC Run Il LHCLSZ  LHCRunl
« ppruns 13 TeV @25 ns » pp runs 14 TeV @25 ns
LHC LS3
HL-LHC

= Collect 50 fb* after upgrade.
® Continue taking data during HL-LHC.

40




Conclusion/Next Generation.

2014 is the 50t anniversary of the discovery of CP
violation in the kaon sector.

The e+ e- B factories confirmed that the KM phase is
responsible for most of the observed CPV.

LHCb has ruled out large CPV phases from NP in the
B, sector.

Nevertheless, 10-20% NP effects are consistent with
all current data.

“Missing energy decays” provide important
constraints on the charged Higgs.

Belle Il roll-in in early 2017 with first physics runs
and the LHCb upgrade in ~2020. These facilities will
inaugurate a new era of flavor physics and the study
of CP violation.




Backup slides
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New Reference for the Next Generation

The Physics of the B Factories
http://arxiv.org/abs/1406.6311

This work is on the Physics of the B Factories. Part A of this book
contains a brief description of the SLAC and KEK B Factories as
well as their detectors, BaBar and Belle, and data taking related
issues. Part B discusses tools and methods used by the

experiments in order to obtain results. The results themselves
can be found in Part C.

Comments: 928 pages

Subjects: High Energy Physics - Experiment (hep-ex); High
Energy Physics - Phenomenology (hep-ph)

Report number: SLAC-PUB-15968, KEK Preprint 2014-3



< D
The scene at KEK in June 2014 </

Belle II

S

N«
Fuji Hall

-

Tsukuba Hall - Central Drift
Chamber

Belle Il detector with barrel KLM upgrade and
forward muon endcap upgrade now installed. Next
is the backward KLM upgrade.
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More backup



B° [* J. Bernabeu and F.
Y (4S) '<: ¥ Martinez-Vidal, to

e = e appear in RMP 2014
: Tl

PD
T : 9 - 3 |+ KL
= e |
R h 6 15
- i 12 |
~ 9 3 50 _
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FIG. 11. Foundations of the time-reversal experiment. Electron-positron collisions at the asymmetric B factory
produce T°(45) resonances, each of which decays through strong interaction in an entangled pair of B mesons. When
one B meson decays at t,, the identity of the other is “tagged” without measuring it specifically. In the top panel,
the B meson observed to decay to the final state £+ X at ¢, transfers information to the (still living) partner meson
and dictates that it is in a B” state. This surviving meson tagged as B? is observed later at ts, encapsulating a time
ordering, to decay into a final state J/i» K_ that filters the B meson to be in a B, state, a linear combination of B?
and B” states. This case corresponds to a transition B® — B, . To study time reversal we have to compare the rate
at which this transition occurs to the rate of the time-reversed transition, B, — B (bottom panel). Adapted from?.



Comparison of BaBar and Belle (not updated)
Belle
B — D*Orp,

BaBar
B — D*Ury,
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New CMS Bs mixing result



= Signal model

We use the same notations as LHCb [arXiv:1304.2600]:

d*r(Bs(t))

d@dt

10
‘x(e: o, t) = z Oj(a, t}'gd'[e]r
i=1

1 1
Oi(a, t) = Nje~ st |:3,- cash[Eﬂrst} + b; sinh{E&rst]—l—q— cos(A mst)+d; sin(Ams t]:|

i gi(f7,¥T, @7) Ni aj bj i d;
1 | 2cos? ir(1 — sin® 81 cos® 1) |Ag(0))? 1 D C -5
2 | sin? 7 (1 — sin® O sin® ¢ 1) A (0)[? 1 D C -5
3 sin? 17 sin? 1 |A | (0)2 1 —D C S
4 — sin? 7 sin 201 sin ¢ |A(0)AL(0)] [Csin(6, —6))| Scos(6, — &) | sin(6, — &) | Deos(6, —4))
5 % sin 29 1 sin® O sin 2¢ 1 |A0(0)A) (0)] | cos(d) — do) | Decos(d — dg) | Ccos(d) — dp) | —Scos(d) — do,
6 % sin 290 sin 207 sin ¢ 1 |Ap(0)A , (0)| [ Csin(d; — dp)| Scos(d; — dg) | sin(6; — 8p) | Deos(d,; — dp)
7 2(1 —sin? 67 cos® ¢7) |As(0)|? 1 —D C S
8 % 6 sin 11 sin® @ sin 2¢ 1 |A5[U}A” (0)] Ccos[ﬁll — 8g) 55in{:5” — dg) cos{ﬁll — dg) Dﬁin{ﬁll — dg)
9 % 6 sin ¢ sin 201 cos b |Ag(0)A | (0)] | sin(6; — &g) | —Dsin(d; — dg)|Csin(éd, —dg)| Ssin(d;, — dg)
10| 3+/3cosYr(1 — sin® 67 cos® ¢7) | |As(0)Ag(0)] | Ccos(dg — 65) | Ssin(Sg — 8s) | cos(8g — 8s) | Dsin(5y — ds)

c_ 1— A2 __ 2|A|sin s __ 2|Acos s

14 |A)2 14+ (A2 7 1+ |A]2

|A| includes possible contribution from CP violation in direct decay, we assume |A| = 1 and we assign a systematics.

ATls = 0: we use previous LHCb results. « physics parameters (Als, ¢s, T, |.-"-'|[]|2, l:f-'|5|2, |Aﬁ_|, 5”. 851,481 )

G. Fedi

{University of Helsinki)



= Results summary

o Analysing the 2012 CMS data (20.0 fb—1), we selected 49k B; signal events. We obtain:

¢s = —0.03 + 0.11 (stat.) + 0.03 (syst.) rad
AT, = 0.096 + 0.014 (stat.) £ 0.007 (syst.) ps—1

o Contour plot (stat. only), constraining Al's > 0:

— 02r LHCb 10fb™ + CDF 96 ™"'+D@ 8™ + ATLAS 49
.8_ r CMS F'rE|||'|'|||'|u'5l' — BB%CL _lll_—l 025 :|. L ‘I"'I LI S L L L ) L B .|:
S 018 Eatey Loomt ﬂgt | - . DG HFAG B
w - ol — # * . 1
% 0.16F Standard Modsl 8, 0.20F- ; | ]
01af . , % 68% CL contours
o1ak- ~ - =. p (Alog £ = 1.15) ]
E . <] o1sF \ | LHCD -
01E _- n O ‘;_:'“.‘ N
0.08F \ 010 i 4T -Combined -
0.06F- - - AW OV ]
F . \CDF sM ! ! i
004 0.05¢ S * /ATLAS ]
002 - Teenl TmeztleT ]
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII D_I I I .- I L _
1.5 -1.0 05 0.0 05 1.0 15
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New LHCb y results



Measurement of v angle L HCb-PAPER-2014-038

@ ~ angle extraction based on cFit results.

@ Statistical and systematic uncertainties and correlations are taken into account.
@ Constraint: |C|> + |52+ |A2T|? =1

I L B FrerrrrrrrryrrrrrT T T T T T T T T e T T T
1 HCb - =% | 3
g iy ] o 200 DsE 1fb-1 (eFif) (/:;;_.; =
[ ] 1506 e =
s 1 tog-
[ ] 50E- . =
B - E - _FF.-n-_'..q.j 3
| — OF 7 gEs =5
: ] o (= LHCD
- - 0750100 156 300 350 306350
- 955% . 7[°]
PR TNTI [IN  T [NN A I AF [FIri
0 20 40 60 S0 100 120 140 160 180 g M
¥ [I.}] 1.2:— DK 11 (eFif) Prelmissry
I E
.ug:_ T =
~ \ ]
0.6~ { - 2 -
C ' ' ; L
v = (1157%3)° o N
_ (2+19y0 02k o o E
90K = (3123}1? s e 18 48" 4 140 1o
rDSH — {].53_[}15 T [7]

A.Dziurda (IFJ) The CKM angle ~y from BE — DFK ICHEP, 04.07.2014 22 /39



gamma @ LHCDb W. Qian at ICHEP2014

> Many modes discovered and studied mainly based on 1fb-! and to be
updated with full datasets (3 fb!)

> gamma combination with part of current measurements

1 fb! GLW/ADS on B=—Dh*, D—hh Phys. Lett. B 712 (2012) 203

1 fo! ADS on B*—Dh. D—Knmn Phys. Lett. B 723 (2013) 44
Phys. Lett. B 718 (2012) 43

1 fb'+ 2 fb! GGSZ (MI) on B*—DK=*, D—Kshh LHCb-CONF-2013-004

CLEO inputs on D system nuisance parameters CLEO Collaboration, Phys. Rev. D30 (2009) 031105

S. Harnew, J. Rademacker
Phys. Lett. B 728 (2014) 296

Phys. Rev. Lett. 110 (2012) 101802

(Interesting proposals to use D mixing to further constrain, i.e. K37)
Additional D mixing constrain from LHCb

Direct CP violation in D—KK and D—nr HFAG
'_1 1 LELEN DL L 1, L :I LELELE DL LR LR B
< LHCb : (67 ilZ) € [55.1,79.1]° at 68% CL
08 -elimi - )
Preliminary - € [43.9,89.5]° at 95% CL
0.6 6?4__5 —- tsg = {1143ijl'§ ° TE = 1. .|]923+D 78
: K £[101.3,126.3]° at 68% CL  r% € [0.0843,0.1001] at 68% CL
0.4 - 5% € [88.7,136.3]° at 95% CL 75 € [0.0762,0.1075] at 95% CL
0 i LHCb-CONF-2013-006
- | .;-) 1 Combining with B-factories:
(USRS s CKMFitter UTfit

0 20 40 60 80 100 1"0 14{} 160 130

3 v v =(70.0£77° 4 =(68.3+£7.5)°




W. Qian@ICHEP2014

GLW/ADS Analysi s of RO— DK*O LHCb-PAPER-2014-028; 3 fb-!

> Similar as B*—DK", y could also be measured with self-tagged neutral
B decays; Diluted due to resonance shape of K*
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Results and Interpretation of B%—DK™

> 12 ratios made accnrding to yields from B° and B,°

GLW N(_G AKK — —().10R +0-144 +0.019
N(B' }+N(Bﬂ} BO —0.145 —0.020
o V(B = Depy K49) 4 T(B" —+ Depy K0 REK _ 1 (54 +0.165 +0.044
I {H“ U“E‘”}I + (B = E"ff'“} d —0.153 —0.044
KK _ +0.073 +0.019
BSOAE —0.044 75 673 To.020
o +0.018 +0.000
BO/B.0 RE¥ = 0.103+50:8 +00%
['(ADS) + v = +0,020 +0.009
A Ds I'(CF) BO Rd = 0.057 Zp027 Z0.012
() — N (B? K o +0.041 +0.019
D) M%) g0 BSO Ag™ = —=0.032 T5041 L0020
N(B a}} +N'|: .{3}] !

> Contribution to vy

> Dilution factor (0.95+0.03)from B,..
toy simulation which models |
B%—DKr resonances

> Constrain on rg in B>—DK™

> Compatlble and more accurate than

~ Preliminary : !

LHCb-PAPER-2014-028; 3 fb'l

stat.  sys.
A7 = —0.002 5317 *0018
R = 1214730
AT = 0061 R0
R = 01474338 001
Ry = 0.056 15635 1600
ATH = —0.014 75505 Toot

I
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M.Needham@ICHEP2014
But LHCb dominates

on these B, modes

Bs—@@ - Time-Depe esults

1 ST ST T 3 t,;'.' p——
B Ik LHCh 5 LHCh |
F"Jl II:'.I w"n- 3 3{“::' Pllitlimjnan- T'
10 Pk, ]

Candidates / (0
Candidates / { 0.42 rad )

Decay time [ps] D [rad]

— F 3 Uit T
. 1 = 350
R LHCh (@S LHCb
S 00 Preliminary 3 l§ — 300} Preliminary
= 250 . 8 gy ' EHU-' . -t
8ok = Tt il S o + T
h'\-\. I -~ = F i . b =" 7
3 1s0b T~ _~~" 4§ § 1% o
& 100! ——— ~ 100f
(&) |

Projections are s-weighted and include acceptances,
Decay time acceptance from Bs—Dsit data, 56
Angular acceptance from simulated events.



Belle results on y at ICHEP2014



Y. Onuki @ICHEP201

ADS Measurement for B°->[Kr] K*°

2 I'B"— DK™ 77) B [dpA;_ (p)
S I(B"—= DK 7)) [dpA;_.(p)

¥ 7 s =
R;;wﬁ=f'_§ Frp t 2krgrpcos(dg + dp)cosdy

_.ﬁ_ PRD80 (2009) 031102
S Rp»=0.067 *PBL9 *+0.018, R,,~<0.244@95%CL for Kt mode
rs [0.07,0.41] (95%CL) rs=0.26(most probable value) w/ combined K, Knnt®, Knnn

30

Ly~
LW ] PRDS6(2012)011101 772M

BELLE

.| Suppressed mode
20|

15 |

Evenls /{001 )
Events / { 0.01)

+0.056 +0.028
Rpk+=0.045Z5033 Z0:018,

Rp»<0.16 @95%CL for K mode

10 b

5F lJJJ;
| - b J ﬂ E_- -d- ‘L:":{- - -.;
-0 0 01 02 03 0.1 o 04 02 03
AE {GeV) AE (GeV)

Approximation Rj.=r¢’ since r,=0.06 from J.Phys.G 33 1(2006)
Under this naive assumption, r.~ 0.21

Combining the lower limit of r; by BABAR and Also refer previous
additional independent measurement by Belle | Dr. Wenbin Qian’s Talk
It is possible that r¢ bigger than the r;~0.1

This motivate the Dalitz analysis for B> [K tr] K™




ADS Measurement for B-=>[Knn®] K-

Karl 4. 2 4 4. 2 4 Knr
R ps ' p ZFBFDRKTTECGS((SB—'_(S 0) CDS¢'3 Inclusive(=3-body decay) ADS

A 5K O= 2rarpRy, 08N Og+ 0K *)sind/R K" PRD 68, 033003 (2003)
LiB(m) . N -
/" Coherence factor R, e/ = JT:"A”‘ ‘,({mm}. :;"”{ m = [mi, m ] ,0SR, 051 "\
dmA] - (m) .:mfl{.t_-[ml _
CLEO-c update (R, 0, 6,™"°) measurement g :::: 1
L £ o]

PRD 80, 031105(R) il I
Ry, r=0.840.07, §,Frr'=22710, 2 Updatesof o o 6
PLB 731(2014)197-203 5.6 (oK% BRS - + sostn
Ry,,0=0.82%0.07, 5,57 ’=164"20 , o

uﬁ 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1

e (rB, ) same as [Kn] K, rp=(2. 20+0 10) X 1073(PDG) =,

PRD88, 091104(R) (2013) 772M
('EC:? (R ) ApF™ = 0.41 = 0.30(stat) = 0.05(syst)

- KoK i KT TIoKT R 1psE™ = [1.98 = 0.62(stat) = 0.24(syst)] X 1072
;_12 ;12 First evidence of [Knn®],K at 3.20
% j é : MJ‘UH B->[Knn?] K ADS result should use
Yot | L e | T the CLEO-c updated parameters for v/¢3
E'EI'I DJEHIJ[EIHH;DE UI‘I EI'IE.DE 001“;5:.4(] 0.05 01 l]‘llﬁ 0.2 7

AR (f2al AE (el Y. Onuki @lCHEP2014



GIcHEP2014 Summary

* Fruitful outputs: First evidence ADS [Kn] K and [Kn®"] K, Unique
GLW CP- mode, First model independent Dalitz analysis...

* B%>[Kn],K™ ADS results may indicate bigger r. value than the ry.
It is possible higher sensitivity of y/$3 than the B> [K.nim] K™

* B—>[Knn®],K ADS result should use the CLEO-c updated
parameters for v/$3 determination.

* There is still a lot of modes playing an important role fo y/$3
determination from Belle

EeEl - - BaBar GLW+ADS Xl -- LHCh GLW+ADS == Bealle GLW+ADS
SeetL - BaBar f“a; L LHCh GGSZ % --- Belle EEEE
0 BaBar Combined = LHCEh Combined = Belle Combined
1.0 - T g — 1.0 = T 'I'. rﬂ I: T 1 1.0 - T _-‘ " T —
] ol rl i I'.
A 0. ’y 1 lIII o X ; K\ o
06 5 o ..'“ \ '.t.-' L 5 o ."II ,'rax ]
0.4 E— 0.4 .'; / 1‘,l."ll'l E‘ 0.4 'i / Il‘jl
A .
4 " T - :.-.'fl I T . X ._L;:.:;_‘_‘_‘_‘:._ PR wo | - i : P T I Ll“.‘1-u-.-.-.‘_.-.:'.' el ]
= a0 ws 1 ME G0 180 ] ] 40 B0 B 00 #30  d40 f8D 434 0 w0 a0 B0 & 0 12D M0 18D 180
— +17 ° - +12 e
y[BaBar] = 72*7 y[LHCb] = 6812 _ y[Belle] =73*13

* BO>[K.mmt] K™ and B~>[K.Knt] K~ Dalitz etc. analyses on going!
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New BaBar result on CPV in B2 K* it



Combined fit to B™ and B~ samples

* About 32,000 candidates in the fitted sample
Best fit: 1,014 + 63 (stat.) signal events

.

. . . T w | %
* First measurement of inclusive 3 =
. " ) 100/ L ] =
K%t n? branching fraction: at . 2
(45.9+2.6+3.0+8.6)x 107 § BeBarpreliminary :
= [ o .. i ey
2 [T} ik I...—' “im EI ,,.....--' g B 2
* First measurement of the e T e (Gevie) - P AE(Gev)

K™ (1430)n° branching fraction:
(17.242.4+1.5+1.8)x1076 (5.4G)

[ - '
800, BaBar preliminary e}

* All significant branching fractions

Decay channel B (Hi_ﬁ]
K'a*x" 1594+ 2.6+ 3.0+ 8.6
BabBar preliminary

K*9802)7rt |14.6+24+1.44+05
K*t(802)x” |9.24+1.3+06%0.5
K3%(1430)x* |500+48+6.14+4.0
K3t (1430)x? |1724+24+15+1.8
pT (TTO)K 04+1.6+1.1+26

Events ! (0.014)

Events [ (100 MaV/c?)

0.6
BOT,,

LT Kn? ™

=

=

[=]
T

Events | (100 MeV/c?)
Events | (100 MaV/c?)

i -i ey 5 1. ':'ET . .'i".'.':.'.i'::'.'.i. — .i. P .5
My, .« (GeVie?) m_._. (GeVic?)

Signal-enhanced distributions 12

— X(resonance BFs) < inclusive BF
due to destructive interferences



Simultaneous fit of the separate B™ and B~ data samples

* Compute the inclusive & exclusive CP asymmetries (Acp)

* Parameterization of the coefficients for the 2-body resonant decay modes

&i = (&5 +Axs)+ iy + A9, gi = (x5 —Azy)+i(ps — Ay),

— Ap computation

gl 2
- |¢'_J'| - |‘-'j|

AcPi = — 7. 2
51" + le]
_2(wAx; +y;4Y;)
;1'? o ﬂ.r? -+ yf s .ly?

Events / (100 MeV/c?)

e Results: first evidence of direct CPV for K**(892)nr

Decay channel Aecp “": snﬂ
K'r*r® 0.07 £ 0.05 £ 0.03 £ 0.04 >
BaBar preliminary = 60
L0moogt 0124021 2 008+011 e |
K(802)x° |-052+0.14+004+004] 3.40) =%
Koo II30) % | D.II 010 F0.00 £ 0.17 9 ol
KIF(1430)7° | 0.26 £ 0.12 £ 0.08 +0.12 § | i
ot (TTOV K 0.21 + 0.19 + 0.07 + 0.30 w o 7 1%

3 2
m,_,. (GeVic?) ”



Outlook

* First observation of the charmless decay B* — K ™’
* First evidence (3.4c) of direct CP violation for B¥ — K**(892)nr®

* AA(K*7) = Ap(K*+70) — A p(K**17) = —0.29 + 0.16
\ ) 1

| |
This new HFAG average
result -0.23 + 0.06

— To be compared with AAp(Km) =0.122 + 0.022
* Results consistent with previous measurements (when available)
* No deviation from Standard Model expectations

* More statistics needed to study further these decays
— Belle-2

*» BaBar article to be submitted to PRD soon



Belle charm mixing and CPV results
at ICHEP 2014

-+

@ First observation of D°-D° mixing in ete™ collision in the measurement of

time-dependent ratio of WS to RS decay rates
—(0.09+0.22)x10~? y'=(4.6+3.4)x1073

= no mixing hypothesis i1s excluded at 5.10 level

Updated measurement of D°-D° mixing in D° — K%x+tn~
x=(0.56+0.19)% y=(0.30+0.15)%

— significance of mixing i1s estimated to be 2.50

— No evidence for CP violation in the decay

Significantly improved measurement of time-integrated CP wviolating
asymmetry Acp in DY — 7°7° and the result is consistent with no CPV

Acp(rm”) = (—0.03 £ 0.64 + 0.10)%

— updated the existing measurement of CP asymmetry in D° — K gﬂ'ﬂ
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Super

KEKB

KEKB to SuperkKEKB

Belle Il
——

Colliding bunches
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i SO e

New IR e
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" | ?, ?
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M
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for higher beam current
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FHHI T e
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—

Positron source

New positron target /

to squeeze the emittance ‘ 1 capture section
TiN-coated beam pipe with Low emittance gun

antechambers Low emittance electron
to inject

[MEG Pummg]

To obtain x40 higher luminosity
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