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CKM

CKM theory is highly predictive
large range of phenomena (particularly in B-physics), predicted by only 4
independent parameters relating the 9 CKM elements + Gr + mq +QCD

CKM matrix is hierarchical
flavour sector of SM not necessarily replicated in any extended theories

CKM mechanism introduces CP violation
Only source of CPV in SM (my=0)
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Jarlskog Invariant

® In the SM, CP violation expressed as the Jarlskog invariant (A~2%)

F.FqJ 0
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J C12C23C13512523513 sin o
% --- w/o CP asymmetries
® 3 gen. mixing and CPV phase (6) W all inputs
necessary for CP violation. il LI (A
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Unitarity Triangle Test

Vo V;b+ V. V:-b+ V. V::;:O

B - ntrt, pp a/®. B->DIlv/b—>clv |Veo| via Form factor / OPE
B > D) k(") v/®3 B-onlv/b->ulv |Vub| via Form factor / OPE
B = J/Y Ks B/®1 M->1v(y) |Vup| via Decay constant fu
Bs > J/Y © Bs/®s &k (p, n) via B
K = v anti-v P, N Amg, Amg | Vio Vega,s}| via Bag factor Bg
Bs) > U+ u- | Viga,s}| via Decay constant fg
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Classification of CP-violating Effects

—0 0
Br) =p|B° +¢q|B"), |By)=p|B° —q|B")

L , mixing | V,,
e Condition for CP conservation b—i7t d
0 2 50 2
[(ferH|P™(1))|" = [(fer[H[P(2)) g—i—i—b
q/p=e”

1. CP violation in the decay 1

(direct CP violation) I(P— f)AT(P— f) & ‘A_;‘ £ 1
2. CP violation in mixing

(indirect CP violation) NP’ — P #T(P° - P) = ‘%| £ 1

3. CP violation in mixing/

decay interference
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Observing CPV

Basic idea: two interfering amplitudes that involve the CKM parameter n.

A; = Aje—id1eidt

A = Aje®et f
=

B

» |

Ao — A pl@2 102 i S
Az Azc € A2 :A2C chzczou

CP

A|* = [A|* =
AT + A5+ 2A1Acos(Ap+ AS) A2 4 A2 + 24, Ag cos(—Ag + AS)

For CPV A1 and Az need to have different weak phases ® and different
CP invariant (e.g. strong) phases &
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Testing models through CP violation

® Accuracy of predictions of CP asymmetries in the quark sector
depend on the possibility to get rid of hadronic effects, or to
compute them.

OF! exact at LO of weak int.
A>t(d,s), A(b—>s+d y) SM vanishingly small
D1, s Penguins contribute
gk, B direct CP, ©, Non-trivial had input
£’'/e, rare B, D system Requires more progress
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B Production (See C. Kiesling’s talk on Belle I1)

Prod. obb
typ. bb rate
Total yield of B anti-B pairs

purity
pile-up

B content
B boost

event structure

B? anti-B® mixing

ete- (PEPII,
KEKB)

e+e- (Super
KEKB)
1nb
10 Hz 400Hz

450 106 Babar
770 106 Belle
~25%

50 10°Belle II

0
B*(50%),B°(50%)
small, By~0.5

BB pair alone, hermetic detector

coherent

pp—b anti-bX (Vs=13TeV) LHC

~500pb
~500kHz

10'3( 3 fb-' @ LHCb )

~0.6%

0.5-25

B*(40%),B%(40%),Bs(10%),Bo(<1%),b-baryon(10%)

large, decay vertices are displaced

Many particles not associated to b, non hermetic detector

incoherent—flavour tagging dilution

25 T T T
_ The Upsilon System 0 _
Epb M Linb a(e*e” - Y(4S)) T ( 5 S) Z', pp, pp
@ i ~3nb o(e*e” - qq) /\
gls ;?: (q':uldislc) 1 b
b L 10.58 GeV ] b B ’
Pop 5 Y(4S) ‘ q
v \ $ . —
3‘.’; sE ,,;‘ *'1 5 "'.' . S S q
o LR o Loomyy NP L ed o s ]
'l"I(IS) . 'l“l(ZS) IT(3S) . ] ]
8.44 946 10.00 10.02 1034 1037 10.54 10.58 10.62
Mass (GeV/c?)
ar1e
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Belle I

HCb Vs Belle I
> 102 |
S Belle Il Projection (July 2015)
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HCb Vs Belle I
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LHCb Vs Belle |l
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2 | Bellell  Projection (July 2015) i
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Topics

® Time Dependent CP Violation

® Direct CP Violation

® CP Violation in mixing

® UT Precision Tests

® Areas to watch

D
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Measurement of angle ®1 using CP eigenstates

CP violation in interference between decay w/ and w/o mixing

The “Golden Decay”: B9 J/Y KO
_ B2mixing _ _ B decay - ' | _ KPmixing _
b= Ve “ve —d b Yoot Y C Y S TVes' "Vea — d
: . W Vs _\§ e : :
gd=Ve -Ve' = b d d d =Ved =Ves" = S
g/ p~e AV V. q/p V. Ve[Vl
decay decay + mixing

darg (Vcchb*) - drg (thzvtbzvcbvcs*vcszvcd*2 ) =-20

D
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Example of a Fully-reconstructed Event

B,—Jhy K*
l_. y
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Belle (II) / Babar TDCPV

e (8 GeV) et (3.5 GeV)

® B> J/P Ks

® flavour tag €~30%

® o(Az)~100um in Belle
® o(Az)~60um in Belle I

D
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K flavor

z
slow T | 43993(1
. .

Az measurement |
A=Az By
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Belle PRL 108, 171802 (2012)
Babar PRD 79, 072009 (2009)

JA
(eTe” / uru)

CP
eigenstate

Y}S (FTtaT)

-
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S sm(AmAt) C cos(AmAt)
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sin 24

sin(2) = sin(29,) SEAS

PRELIMINARY

BaBar : . 0.69 +0.03 + 0.01 : . .
PRD 79 (2009) 1072009 . ® Penguin contamination
BaBar x -  0.69+0.5210.04 £0.07 enters at ~1% - can be
PRD 80 (‘2’009‘) 112001 R led with d
BaBar J/y (hadronic) K., : | 1,56 +0.42 + 0.21 controlled with data.
PRD 69 (2004):052001 ~ |
Belle : N 0.67 +0.02 £ 0.01
PRL 108 (2012) 171802 : B SoosE T 1 7
ALEPH o ) 0.84 152 +0.16 R Belle Il Projection ]
PLB 492,259 (2000) " N ‘ cor . ]
OPAL : . 320 3%+050,| O Bxp. L= 6ab E
EPJ C5, 379 (1998) : i " - o ]
CDF : i, 0.79 ois 0.03F -~ .
PRD 61, 072005 (2000) ™ I Statistios ]
LHCb ’ : | 0.73 +0.04 £ 0.02 o.0ak -~ Systematics E
PRL 115 (2015) 031601 e 025, ]
Belle5S : : . 0.57 +0.58 + 0.06 - ]
PRL 108 (2012) 171801 ! . ootf e
Average . | 0.69 + 0.02 i R
HFAG ' : - |
-2 -1 0 1 2 3 ‘ 10

D e
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Looking for new physics in Time Dep. CPV

J WKy 2K, 1.K?, D“*D~,D*D 0K, K* K™K,
-0 , -0 x P == =- o | A
n.Keq,J :\|ll\,\ J “rlm ('q[) D Aﬂlx_i-’l\_(g!.nlx”.lxﬁ-'r: ('.
") ") 0 0 '
JIK* (K" > K% 0K$, fo(980)K

C——————————

Increasing Tree diagram amplitude

Increasing NP sensitivity
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PengUin Sin 2CD1 Belle, B — n KO, JHEP 10 (2014) 165

Belle, B — w Ks0, PRD 90 012002 (2014)

. eff . eff
sin(2p°") = sin(2¢}") EES

PRELIMINARY
b—ccs _ World Average g i _ 0.68 = 0.02
T s BaBar "¢ T ﬁ """ ;'"”0766'"0'17”0'07”
X Belle 5 s 0.90 1979
< Average: : His : 0.74 *5:13
- BaBéi’""E """"""""""" T T T 067£0.08+0.027
x Belle : ot © 0.68+0.07 =0.03
= & éveBrageg : : 0,63 +0.06 ~ ;
"""""" aBar T T T T T T T T T T L 0. 94 TS, + 0.067 ( (i '
O Belle i I |7 0s0:032:008 £(980) K" _No[ 111c'1ud1115 LD amplitude
0 év%rage ; : i 0722019 | e T EEE TR
o X T'BaBar v T P T 0652020 = 0.037 0
ox Belle : —t © 0.67 =0.31+0.08 n K B
B Average ; ; — ; 0.57 £0.17 . .
""""" o BaBar v T I : 0 10 :
X Bele ] p' K I —
777777777 9—,,,@)’%@9?},,,,,,,,,,,,,,,,,,,,J | I |
» aBar S 020 * :
X Belle : 0.91 £ 0.32 = 0.05 oK’ ——
S Average ; : — | 0.71 =021 | L eeeaes . |
""""" o BaBar Ty T e 074*815 F
X Belle : : 0.63 1978 'K -
+° Average': : 0.69 ‘015 5 o 00
x"’ """" BaBar T TR —_— +—H—O048+052+0.06 010 | ~  [T7TTTTTTToTTTTTmTTToTommTmmomomemees o T s s s s
ey Average : ; — 0.48 + 0.53 o K’ [ |
B x‘”"BaBéi’""E """"""" Il """ — 4 70.20+052%0.07+0.07"
» —x Average; b . : ; 020053 |  [roUtmmmmomsosmsssmossmesomsooee * """"""""""""""
”’5'""""13 BapF "~ — 1 1 -072+£0.71=0.08" ~KU
|k o Alermge——— I 072071 R , - , 1
T o ‘;”\35;;6; Z = oo 858 03 0.2 0.1 0 0.1 0.2 0.3
"*"xg’)"_é_'*'?aB’ar""i """""""""" : 0. 0.1' ’;’0’31';'0'05’"000’59" Theory uncertainty on A S ={J‘SSM
; verage : : 0.01+0.33
”’f"OX"'BaBai’”"E """"""" ; -t ""5’""0’65"'0'1'2’"003" I QCDF Beneke, PLB620, 143 (2005)
g \¢ Belle : : : ' 0.76 :8 33 SCET/QCDF, Williamson and Zupan, PRD74, 014003 (20086)
1 Average ; : HA 0.68 “5.10 B QCODF Cheang, Chua and Soni, PRD72, 014006 (2005)
B SUV(3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)
-2 -1 0 1 2
D -
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Penguin @1 : Future

Belle Il should do better on penguin O@1.
Systematics dominated by vertex resolution:
o(z) on Vertex: Belle~61um < Belle lI~18um

Prospect: 6S(b—> s)~ 0.012 @ 50 ab™

= oD ! [ R A ! ot

(9-)0.5 ....... ...._
0.4 e : froenmerfoed

0.3}
0.2

0 . 1 __ Rt S RER R, S I 1 BEUREI ]

..........................

0.02 .......

0-01 O S A N

e Be”e” P : ed |
- " ....... ' ..... ' i : - 8 6 4 ) 0 5 4 6 ]

0.005

Integrated Luminosity [ab™]
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Penguin @1 : Future

S

1

sin2d (B— ¢ K ) Uncertainty

_I L LB | LI I LI LI LI ! LI l L L | LI I LI L | LI I LI l_
0.2 :_ .......................................................... BE."E” ...........................................................
0.18 :_ _____________________________________________________________________ . ___________________________________________________________________
0.16 :_ ............................................................................................................................................ _:
0_14-:_ s BN
0.12 :_ _______________________________________________________________________________________________________________________________________
0.1 :_ .......................................................................................................................................
0.08 :_ ..............................................................................................................
0.06 :_ .......... e e e utET IR b %, e e TS _:
~  _m LHCb : a .
0.041" _g Belle () baseline, 70% data Y@S) g~y =
- Belle (II) improved K_, 70% data Y(4S) _ -
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M
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@, from Radiative Penguin Modes

eSM EW purely L-handed.

e Right-handed current is a signature of NP

S=-2(m_/m )sin(2¢,)~-0.03

SM favored
YL
br )\N Q’
helicity flip \
o« m,~4.8 GeV
S.
@ Sk

b -
M%:‘“M Ya

D
<O
Belle T

SM disfavored,
enhanced with BRH current

b R

MIAPP Workshop

Precision tested at Belle Il

I'\T'YI"I L

L} ‘IY'Y"I L) T L4

SUSY

: ‘é = \\ -
x § - ~ = .
Z0.7¢ R S(p°y) ;
08— TP .
o 0.5F N S(Ka%y) '
04 - V \ -
03}t % \ ~ -
va 0.2} \\
™
\\
0.1 S N -
Sr ' Belle Il 1S
_ improved Ks ) ]
S, 2
vertexing ek
- SM(K*yY)
Belle Il Projection
I I |
0-02 A i 1l 1 LA 111
1 10
Integrated Luminosity [ab™]
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@, & Isospin analysis (also applies to direct CPV)

o [ [ ool s /)

® b - uanti-u din strict isospin =
limit, penguin contractions
transform differently

0
B

T
-9
4 N

o
] - +
-O+
o

A

® In B - mutand B - pp, a triangle construction allows a clean extraction of @, , up
to an 8-fold discrete ambiguity

A, 1 BY = hth-
A B% — hth™
A()O: B% — hORKO
Zooi EO — hOhY
Avol BY = bt O
(h=m, p)

Gronau, London PRL65, 3381 (1990)
D
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0 + A- . Belle PRD 93, 032010 (2016)
B 9 p p analySIS Belle PRD89, 072009 (2014)

® Vector-vector final state is mixture of CP-even &-odd
® Predicted to be almost fully longitudinally polarized=CP-even
® Time-dependent 9-parameter ML fit

DE  ofprtbe b

R

2 -0.5 0 0.5
cos(6,,

B(BY — ptp7)=(2834+15+14)x10°°
fi, =0.988 4+ 0.012 4 0.023
S=-0.13+0.154+0.05,.4=0.00+0.10 +£ 0.06

D
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®, Grand combination

@E”!l --+ B—pp (WA) 3 Combined
s 15 --- B—mm (WA) e CKM fit

--------- B—pr (WA)
1.0 |||I||lIlls_:_:-lIlllIlAl!"“lllllll?II"I‘_|_|_|_I_|_|_,I;_-

-
" | I \
T .'!,‘ "| :\ "1
T T I p I
0.8 w ! 0! 1 e
1 ! \ ' I [
I-'l .l 1 I ! 1
- "l \ I \
1 A0 PR L 1
K Hiv T !
o 06 s 1y P N I
=) : il I " 1 !
© ; T 1 l"._‘ 1
? ! T 1 1 R "
\ 1 1
S 04 . 1 - 1
1 ] ' I
1 I ! I
- ' \ '
: \

¢, (deg)
® 02 [WA,all]=(87.6+3.5-3.3)°, ®2[fit]= (90.6+3.9-1.1)°
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LHCb time dependent CPV

® B -S>0 /Y
® flavour tag €~3%
o O'(At) ~ 50 PS SS pion (+BDT) o

SS proton

PV SS kaon (+NN)
u = 0
q B
q
same side
opposite side
SV
‘ ~~~~~ cC—S
_—""‘ 0S kaon (+NN)
b—c 1
b—XI
\‘ OS muon
0S electron
0S vertex charge
0S charm
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LHCb, PRL 114 (2015) 041801

S/

A

BY W W B BY

A 4

S V;; t Vip b 5
Mixing: ¢ = 2arg(Vip V{5

S

. v 3500 w3500 o 3500F T T T g
a, 10 < < & E 3]
o 2 3000 S 3000F £ 3000F LHCb 4
o 3 F F ]
S £ 2500 & 2s00f g 2500WW
8 ) ] E = E E
£ 2000 5 2000 F ~ 2000F -
= g g E 8 T TN PN
=] O 1500 O 1500F = 1500~ ~__- ~4
< 10 . E = E E
@) 3 ~. 1000 1000 e 1000 . e .4
[ CP-even ~ oo 3 sook N N 7
3 "~ 500 £ e N R
E CP-odd 3 E Seo- - 3
F . . 0 0 bz mimmimemm mmm e Lomim]
10 5 10 - - 2 0 2
Decay time [ps] @, [rad]
D 8
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Ps Grand combination
HFAG 2016

_ 1 I
0.14} PO8Tb HFAG i
' : ¢;”° = —0.033 £ 0.033 rad
) —1
— 0.12 1%'_\4% i 68% CLcontours | Als=0.083=0.006 ps
T (A10g£_115) C ibl ith SM : :

0 : - { Compatible wit estimations:
.&. 0.1 o-_ m1 L] | [arxiv:1511.00466] [CKMfitter, PRD 84 (2011) 033005]
| , ¢ = —0.0376 30005 rad

L ‘ |
< 0.08} p A AT, = 0.088+ 0.020 ps—
| N
0.06¢ ATLAS 192161 oM
—04 02 00 02 04
¢S5 [rad]
D
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Direct CP

Violation




®s/y Determination

® Theory is “pristine” in these approaches, << 1% on @3

® Accessed via interference between B—=>DK~ and B~ anti-DO%K-

0 u p°
X\Sy<SK b c
b C B _
B~ u S

_ D"
Al 2 Favoured Ao Wem Suppressed

_ ‘Asuppressedl -~ Vubvcz
‘ Afavoured ‘ chb VJS

Relative weak phase is ®3, Relative strong phase is or

B X |colour supp.] = 0.1 — 0.2

3 D? mode categories:

® Dcp, CP eigenstates [GLW]

* Dsup, Doubly cabibbo suppressed [ADS]
¢ 3-Body [GGSZ]

D
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y from B*—>DK*, D—>KK,mr, Kt

LHCb-paper-2016-003

D - K1t (favoured)

D - iK (“ADS” suppressed)

)
b
1]

|

LHCb LHCb 100

[
=3
=
(=]

B —[K T K B'>K'T] K" 0

Events / ( 10 MeV/c?
=
S
(=]

Events / ( 10 MeV/c?)

LHCb
400 — -
_ - _ + e + - — ot — T +
20000 B =ik, BTt 00 B [m K" B SmK |
WA A .
L L L I L L ST AT . X A . .o
5100 5200 5300 5400 5500 5100 5200 5300 5400 5500 5100 5200 3300 5900 5300 5100 5500 3300 300 3300
m(Dh") [MeV/c?] m(Dh*) [MeV/c?]

® small asymmetries due to
production and detection effects

® large CP violating asymmetries —

® first 50 observation in a single
® B->Dmt control mode helps to B->DK channel

separate effects

t,\
2/

THE UNIVERSITY OF
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®s3/y Results

Impact of LHCb is striking, with massive
improvements since 2010.

% --- GLW+ADS
Wnera T --- GGSZ g
3 Combined 3
1-0 i T T T T T T | T T T | |'l T | T T T | T T T i 10
08 [ 1 % 8
g o0s — _ 6
2 i 4
e 04 N _|
2
0.2 — _|
. T N 0
0.0 I “‘/]I T RN BT
0 20 40 60 80 100 120 140 160 180
Y
Summer 2010 Winter 2012

Belle PTEP 043C01 (2016)
LHCb-Paper-2015-059
LHCb-Paper-2016-003
LHCb-Paper-2016-006
LHCb-Paper-2016-007
LHCb-Conf-2016-001

Belle Il . Projection (May 2015)

LHCb
-@- Belle (1) 70% data Y(4S)
-@- Belle (Il) all data Y(4S)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

Winter 2014

ylcomb] = (71735)°  ~y[comb] = (66713)° ~[comb] = (661)°

y[fit] = (67.2759)°  A[fit] = (67.1733)° ~

fit] = (66.47573)°

® 2016 global combination update to come. _
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®s3/y Results

N
LI) i
— 0.8+ LHCb

_combination 2016
0.6

0.4

0.2

Ellllllilllllll

933%

' —85

] I T T T

LHCD -

Preliminary ]

9+7 1

v [°]

llllllllllllllllllllllllllll

0% data Y(4S)
Il data Y(4S) :

11111111111111111111111111111111

017 2018 2019 2020 2021 2022 2023 2024
Year

2014

| = (667)°
(66.4732)°

L) 2016 global combination update to come.
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Direct CP Violation in charmless hadronic decays

® First evidence 2008

Belle, P

RD87, 031103(R)(2013)

Belle, Nature 452, 332 (2008)

® Unexpected difference in Acp between B* and B > K mt

1000

800 F—
700 E
600
500
400 E
300
200 F
100 £

L F

0 C. 1 1 1 1 1
52 5225 525 5275 5.2 5.2225 525 5275 53
M, (GeV/c™)

<o MIAPP Workshop

Bell

le IT

W§<:d A éJKV\Z<Sd
e S
Acp(Kot%) = 0.006+ 0.06
Acp(KOt*) = -0.015+ 0.019
Acp(K*n%) = 0.040+ 0.021
Acp(K*r) =-0.082+ 0.006
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Direct CPV in B—>Krt: Future

® “isospin sum rule approach” can constrain QCD effects.
IK?T . B(BO — K+7T_)

— AKX BB — Ktao) + AE . B(BY — K07 )2

T+

— 24K B(BY — K7 4+ 24K ™ . B(BT — Ktr0) 22

ot
- | :
OM<C€3 ’ 6: Belle I -
0.4 . Need to measure
02k - neutral modes very
05 : precisely!
: : Good PID & good
02 R neutral ID is key.
R} 0.5
IKJ‘E
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B> Khh,B>mhh @ LHCb

® Puzzling patterns of CPV in B*- K*h*h- and B*= n*h*h"

® Large local asymmetries in regions not associated to resonances

PRL 111 (2013) 101801
PRL 112 (2014) 011801

® Possibly final state re-scattering generates strong phase difference

m2. . [GeV3c*]

= < 0.8
- < S00F E I0.7
35F (a) LHCb < ol & {Hoe
- T 0 *B* 104
305 ?%300' —0.3
2551 '@ 100F 1 @1 —0.2
- S 0_‘71 ; s —0.1
20 > T 2 =0
- 0(770) = XY
Co —-0.2
15'% ‘||- f°(980) _8'3
r -0.4
i Kirete b
L] m K7JUJU Roo
Gil'.'.,.I.H,!.,,,r.‘.w...,|.‘..|‘.,,| 0.8
5 25 30 35
mz, - [GeV~ wled
2/4
m2 < 0.66 GeV?%/c

Ap(K*mt*m | local) = 0.678 + 0.078 + 0.032 + 0.007

5
Belle IT

My

= [GeV/c?]

S1 52 53 54 5551 52 53 54 53

Myers

L+ [GeV/e?]

MIAPP Workshop

‘m |nji0‘ri:| : 2 2 4
1Mi< 15 GeV /c

:,& 40? :’;ooo— - - _!0.5
> 350 % 500F .. 4§04
(ﬁ ; (b) LHCb < 400F i:* 103
30 3 300F b
E{‘ F 3 200 :: - 1—0.2
L 250 2 100f i ome™” | 0.1
) E I
£ of TN ]' ? daden {10
155 e ¢(102d,“' [GC\/ ]— -0.1
Frld f%1525) 02
lO:I | — + -0.3
E " g, + -
SE\D K K K 04
G:' N T -0.5
0 k 4 6 8 ]0 l2 14 1() 18 20 "2
mK K 1o [GeV/c4]
<350f b . ] 2
>» ®) LHCb Bid_,lK:K,Kf ] 1.2< Mik low< 2.0
combinatorial

{ Mg pigh< 15 GeV?/c?

B — 4-body

1 SEPENE Y iy i dhn,
51 52 53 54 55 51 52 53 54 55

My~ [GeV/e?]

My [GeVIE?]

Ap(K*K*K | local) = -0.226 + 0.020 + 0.004 + 0.007
Phillip URQUIJO
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What could it be?

B.Bhattacharya, M. Gronau, J. Rosner Phys.Lett. B726 (2013) 337-343

We have examined the CP asymmetries in three-body decays of B* mesons to charged pi-
ons and kaons. Predictions of ratios of asymmetries on the basis of U-spin are seen to be
obeyed qualitatively, with violations ascribable to resonant substructure differing for #* 7~
and K™K~ substates. Larger CP asymmetries for regions of the Dalitz plot involving low
effective mass of these substates can be undertood qualitatively in terms of large final-state
strong phases; the weak phases are conducive to such large asymmetries, being nearly max-
imal. We conclude that further resolution of this problem must rely either on a deeper
understanding of the resonant substructure in B —+ PPP decays, or further understanding
of the hadronization process independently of resonances. We have argued that the approx-
imately equal magnitudes and opposite signs measured for asymmetries in B* — ¥ n¥fn~
and BT —- K*n*n~ may follow from the closure of low-mass 7*7n~ and K*K~ channels
involving only 7w «» K K rescattering.
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. . . . . . Belle, ACP(b—>s+d y) PRL 114, 151601 (2015)
Direct CP violation in Radiative decays | gi. acrbosy). Pro 90 632001 (2014)

(B — Xstay) —T'(B = X5, g7)- ~0.6%<AcP(B > Xsy) < 2.8% and
I'(B— X, qv)+ (B — Xerd?) -62% < ACP(B - Xdy) < 14%

AC’P(B — X3_|_d’y) =

Precision Null Test in SM ‘§ ¥y § y
CP violating contributions and their errors
cancel almost perfectly up to small t./ \ t./ \
U-spin breaking corrections b _-——— s b ——— - s
w- H™
1
Acp = 7—5—(ACP” — Abkg — Adet) Belle: Acp(B— Xs+dy)=(2.2£3.9£0.9)%
1 ﬂ  Positive - This measurement, Belle (772M BB)
. . E,>2.1 GeV —e—y
> 08 ; = Negative !
9 0.6 + - BABAR (383M BB)
o ; | | E I ® |
i T Y : _
2 02T+ b 3 CLEO (10M BE)
i L L ] I . |
0 H ATt e
viv ¥ ] H Belle Il expectation
-0.2 | . . . - | IR U RS T T R TS T T T |
3 4 0.2 0.1 0 01 0.2
E: (GeV) Acp(B 10

D -
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CP Violation in

Mixing



| Vid/Vis| from mixing (CP-conserving) [ iHcb ip 15 (2013) 053021

® Am; precisely known
® Am;=17.768 £ 0.023 + 0.006 ps!
® limitation on |Vi/Vis| from lattice

® new prelim. measurement of Amg

e Tagged mixed

e Tagged unmixed

400

— Fit mixed

— Fit unmixed

200

# candidates / 0.2 ps

decay time [ps]

D
MIAPP Workshop

LHCb-PAPER-2015-031
ETM 1603.04306
Fermilab/MILC 1602.03560

| I I I I | | 1 I 1 | I 1 I 1
0 ALEPH (3 analyses)
- ; 446+ 6+ 19
g DELPHI (5 analyses)
i 519+ 18+ 11
' L3 (3 analyses)
& : 444+ 28 + 28
; OPAL (5 analyses)
¢ : 479+ 18£ 15
0 CDFI (4 analyses)
e ; 495+ 33+ 27
i DO (1 analysis)
A 50620+ 16
' BABAR (4 analyses)
—Ogs 506+ 6+ 4
' BELLE (3 analyses
- 509 + 4 i(S yses)
: LHCb (3 analyses)
v 514+ 5+3

This measurement
o 505.0£2.1+1.0

Average (w/o this meas.)

- 510+ 3
| 1 1 1 1 1 | 1 1 1 1
450 500 550
1
Am, [ns]
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New bag parameters from LQCD

D
o
Belle I

MIAPP Workshop

v, x10° 1V, | x 10’

| | | : | | |
HH HH
— | -

| | | , | | |

7 8 9 35 39 43

ETM 1603.04306
Fermilab/MILC 1602.03560

v, IV,
AM,): B
this work .
PDG — o
BoKmuu |t =
CKM unitarity:
full "
tree | | i
0.18 0.19 0.20 0.21 0.22 0.23
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CP violation in mixing

® o and ag® with full Runl dataset (3/fb)

N(fat)_N(

t)

4 f
S dOAl i (f,t) + N(f

)|

i <Ap — —) cos(Amygt)

d d

AD a Qg
2 2

) e W

N(B) — N(B)

= N(B) + N(B)

The np'roblem_.’; oy

Production asymmetry:

—

(D~ ) — e(D*p
(D) + DV

Detection asymmetry:
)
)

Ap =

@ B-field
Negatively
% Charged o
Positively
charged muon

Muon
chambers

MIAPP Workshop
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CP violation in mixing
1

SERI = T T T T [T T T wm
S i Standard Model g -
S O:__ ..... I ........................ (_\\ ...................... _:
e i .
- | 3 ; y
—1_ ® Q > : ]
L | 2 5 : _
_ O o : -
- | 22 | .
- 3 2 LHCb DOuvX 5 -
- DO DOuvX : . -
-3 o BaBar D*lv ——e ~
- A BaBar /I = . i .
_ Belle 1] — = i
_4 [ [ [ [ I [ [ [ [ I [ [ [ [ II [ [ [ [ I [
-3 -2 -1 0 1 _
al [%

2016 a3 = (0.45 £+ 0.26(stat) £ 0.20(syst)) %
2005 a% = (—4.74+0.6) x 1074

sl

D
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UT precision

tests



The |Vw| puzzle: B - Xy lv

HFAG, arXiv:1412.7515

® Inclusive versus exclusive determinations (form factor - exclusive vs heavy quark
symmetry - inclusive) 3 6 anomaly.

PDG
version

2004
2006
2008
2010
2012
2014

D
<o
Belle I

| | 106 GAB>mlv)
EXCIUSIV@ InCIUSI\e N'> B | A Bellle untagged | L o | Theory predilction used in fitI
I I I I I I I ! I I I I I I I ) 1 2 — V Belle hadronic tag o Theory prediction not used in fit—
_ ~ g B @ BaBar untagged (6 bins) LQCD (high qF): FNAL/MILC i
- N NU 1 O —_ HW BaBar untagged (12 bins) LCSR (low q2): Bharucha _—
< - Fitted BCL param. (3+1 par.) —
‘ ‘ @ [ ]
< 8 _
o o D 6 :_ _:
D B ]
. R BELLE 4 - E
2r N
1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 - —
0-003 0 -004 0-005 O i | 11 | | | | | 11 | | 11 | | | | | | | | 11 | | ) Uj
IV | 0 5 10 15 20 25
ub o (GeV’)
|Vub| exclusive HFAG = (3.28 £ 0.29) x 1073
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The |Vw| puzzle: B - Xy lv

HFAG, arXiv:1412.7515

® Inclusive versus exclusive determinations (form factor - exclusive vs heavy quark
symmetry - inclusive) 3 6 anomaly.

0.8
06 -
0.4 »
0.2

0.0

— T T T YT T T Y YT

semilept. aver.

- excl.

| wio |V N

=4

-

0.0025

D
<o
Belle I

0.0040
v |
ub

0.0045

MIAPP Workshop

2 (GeV?)

(o)

AB/A

12

10

a0t GAB>mlv)
LA L B B L B
A Belle untagged 4=  Theory prediction used in fit
V Belle hadronic tag o Theory prediction not used in fit—
@ BaBar untagged (6 bins) LQCD (high g°): FNAL/MILC
H BaBar untagged (12 bins) LCSR (low qz): Bharucha

Fitted BCL param. (3+1 par.)

PDG 2014

Z

0

|Vub| exclusive HFAG = (3.28 £ 0.29) x 1073
Phillip URQUIIO 41 &
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No2PUV/No=> Aelty I

Imax  dD(Ap—pp” Dy) 7 2
Vanl® )15 Gev? a7 4 (0.68 £+ 0.07)
2 rq2.. dD(Ap—A.pu— o ‘ '
‘/cb| 7quV2 ( b—(;qz - Vu)dq2

L"bl = 0.083 £ 0.004 £ 0.004

V,
Cbl o 6 1 | T T T I ]
S0 E PDG 2014 +
& | | | ] .
S - [ Combinatorial LLHCb % . CKM fitter + _
> 15000 -Mois—identified = MILC 2015 +
= I 1~ 5 A,—puv (LHCb)
Sk miy =
~ L Nuv e
o 9000 EEpuV 25
= : of 4
S 6000
S
= n
O 3000: 3
0
3000 4000 5000
Corrected pu~ mass [MeV/c?] 5
36 38 40 42 44 ;
V.l x 10
cb
MIAPP Workshop Phillip URQUIIO 42 L

THE UNIVERSITY OF
MELBOURNE



Restored Left-Right Symmetry?

e Add new physics: right handed currents with coupling Vu*

eB->r | vrate goes as |Vup' + Vb |?

e B>t v rate goes as |Vup--Vup'|?

eB—>X, | vrate goes as

Vubt| + | Vup?|?

BB X,y
. B-o1v
-—-Bonly
- B- ply
B - wly

Standard Model —

HFAG BLNP
HFAG+Belle
HFAG avg. w/
Belle ragged< -
Belle tagged -

-0.3

-0.2 -0.1

MIAPP Workshop

Phillip URQUUO

1.SU(2)L x SU(2)r x U(1)s-L
® - New heavy gauge
bosons (W', Z', H).

[ % V|_ = VCKM and VR
— 5 more CP phases.
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Restored Left-Right Symmetry?

e Add new physics: right handed currents with coupling Vu*

eB->r | vrate goes as |Vup' + Vb |?

e B>t v rate goes as |Vup--Vup'|?

eB->X, | v rate goes as |Vup!| + | V' |2

(,qo 8 T I T T T I T T T

— I B inclusive i
X T I B—anlv n

T - 0 A,—puv (LHCb)
>5 6 57 combined .

MIAPP Workshop

02 04
€R
Phillip URQUIJO

1.SU(2)L x SU(2)r x U(1)s-L

® - New heavy gauge
bosons (W', Z', H).

[ % V|_ = VCKM and VR
— 5 more CP phases.
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Summary of CKM Metrology

Belle BaBar Global Fit LHCb Belle Il LHCb
CKMfitter Run-2 50 ab™ Upgrade 50
(2024) fb1(2030)

Theory

d1: cCs
&2 uud

(1)3: D] ¢

inclusive

exclusive

inclusive

exclusive

Experiment Theory i

Moderate

MIAPP Workshop Phillip URQUIIO a4 s




CKMPFitter global fit, Input parameters

Data = weak ® QCD — need hadronic inputs; often LQCD with our own

Rfit-based averaging scheme.

66 CP Phase Mixing  Modulus & Sides

Belle I

[Vud|
|Vus|

|Vus/Vud|
|Vub|

B->T1TV

|Veb|
|Vub|/|Vep|
A mgqg

A mg

€K

B/ ®4

ol P

v/ ®s

MIAPP Workshop

B decays

Kiz (Flavianet)

K—lv, T—>Kv
K—lv/m—lv, 75KV / 1T>T1V

Inclusive & Exclusive
(1.08 £ 0.21) 104

Inclusive & Exclusive
Br(Ao—ppv)/Br(Ab—/Acpuv)
B4 mixing

Bs mixing

PDG

Jip KOWA

mm,pmpp WA

B — D®K®

PRC 055502 (2009) ‘ fitter

£.(0)=0.9645 +0.0015+0.0045
fx= (155.2+0.2+0.6) MeV

f/fr = 1.1942+0.0009+0.0030
(4.012£0.0820.22) 103

fas/faa = 1.205 + 0.003 + 0.006
fas = (224.0+1.02.0) MeV

(41.00+£0.33+0.74) 103

(1.00 + 0.09) 1072

Bes/Bea= 1.023 £ 0.013 £ 0.014
Bes = 1.320£0.017+0.030

Bk =0.7615+£0.0027+0.0137
0.691+0.017

Isospin, ~4°

GLW/ADS/GGSZ, ~7°
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Generic Analyses for New Physics
CKMfitter PRD 91. 073007 (2015).

® Consistency is only at the 5% level in global fit.

2 %
— = 3k
’VudP + ‘Vusp ‘Vud‘Z + ‘VUSP Vcd cb
1.5 B T T 17T | T 1T 1T | T-T T |%| T 1T 1T T T T T T 11 |_
| excluded area has CL > 0.95 ' e% |
i 0 % §
10 ’ % Amg& Amg ]
- sin2¢. i
os b E
IS 00 -
05 -
1.0 e
B % (1) é sol. w/cos 29 <0 i
- Winter 14 3 ; (excl.at CL>0.95) —
_1-5 B | I | | | I I | | | T | | I I | | | I | | | I | ]
-1.0 -0.5 0.0 0.5 1.0 15 2.0
P X
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Generic Analyses for New Physics
CKMfitter PRD 91. 073007 (2015).

® Consistency is only at the 5% level in global fit.

2 2
)\2 — ‘VU,S‘ A2>\4 _ H/Cb| ’LLb
T 2 2 — 2 2
’Vud’ + Vus ‘Vud‘ T ’VUS‘ cb
1.5 1T 171 T T 17T T T T7T T 1771 1T T 1 T T 17T '
[ | excluded arela has CL >0.95 ! gl n Bs—uu 1.02 !
- ' s ] o, 0.62 ;
N q)s o i v 089 [ 1| ;
1.0 — k> — o« 103 [ ] ;
L & Amd & Ams _ sin 2p 1.74 |
B . e 0.00 :
- i Am, 1.36 T
— — Am, 1.44 — ]
wor . BB-w)  1.46 |
B \ IV blsemllep 0-00 i
: : Ivcblsemllef 0-00 5
— _ B(D—uv 0.56 5
IS 0.0 - ! LN
B 4 B<Drf V) 1.51
N s B(D—KW)  0.00 E
05 ] B(D— 7v) 0,00 '
0-5 B . Ivcslnotlattice 000
B n Ivcdlnot lattice 042 !
B g B(ty,) 2.31 :l
- _ B(K,,) 0.29
o - Y - SRV B —
~ % (1) E sol. w/cosz¢1<0 - B(K ) 0.00
B WiiiEr i E (excl.atCL >0.95) IVudI 0.00
{5 111 Ly | T BT O T T e
10  -05 0.0 0.5 1.0 1.5 2.0 005 115 2 25 3 35
) Pull (o
p (0) &i'i
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New Physics in mixing: past & future data

e Meson mixing,

,ﬂ( [Bq(1)) > _ (Mq _

dt\ |By(t))
b uct s b S
" « SM: Csp/mw?2
v - NP: Cnp/A\2
s et b 8 b

e \What is the scale A ? How different is Cnp from Cspy ?
e If deviation from SM seen = upper bound on A

e Assume NP from Trees in negligible, test for NP in loops only - i.e. New Physics only enters
M1, the real part of the mixing Hamiltonian.

e 3 x 3 CKM matrix is unitary. M12 — Mls2M X (1 + he%a)

MIAPP Workshop Phillip URQUIJO 47




NP in Big s} & K mixing: Input

eObservables not affected by NP first used to constrain CKM:
|Vud | ’ |Vus | ’ |Vcb | ’ |Vub | , O3 and CD2=T[—(D3—(D1eff((C anti-c)K)
NP impact estimated from
Meson mixing Ams, Amg, | €k],
Lifetime difference Al's, & semileptonic asymmetry As,
Time dep. CP asymmetries Bs, ®1, and O, (decay-mixing interference)

2003 2013 LHCb Upg.+ Belle Il
15—&@@%5‘!““‘“““”“‘”: 15:@@@¥AQ;V"W“‘W“”“‘”: 153@@;¥5$;V"W“‘W“”“‘”:
1.0 - - 1.0 - y(o) - 1.0 — y(a) -

0.5

IS o0f

0.5

AR LA E
T e L el e
‘ Loy i L ¥ :
asl o b b e ] ey SN I A IV S B sl b b e
p p p
- Qualitative change after 2003: first ®3 and ®> constraints
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Belle Il & LHCb projections

0.45

0.45
g 0.40_
é World Average i
040 8 p-value=10-° i
s < 0.35 i
I= 035 2 °'3°:
€k 025 i L :
= 0.05 0.10 0.15 0.20 0.25
0.30 - :
I My ¢ 0.45 ———
)
L L L | | | | | | | | | | | | | | |
0'2(5)’.05 0.10 0.15 0.20 0.25 0.40
X SM-like :
< 0.35
Phase J [10-°] A
2016 3.140 [+0.069 -0.084] 2%  °%|
Belle Il + LHCDb -
upgrade _ SM-'Ike 3125 + 0033 1% 0'23.05 0.10 o;s 0.20 0.25
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NP in Bg mixing: Fit results

2003 2013

CKMfitter PRD 91, 073007 (2015),
PRD 89, 033016 (2014)

p-value

LHCb Upg.+ Belle

p-value 1.0
| 1.0 3.0 [ oo ranis o5 058 ]
0.9 / % 1 B0
] 08 25 B 0.8
| 0.7 ] 0.7
06 20 0.6
ol u 0.5 o 15 E 0.5
0.4 b 0.4
E 03 10 ] 03
= 0.2 0.5 7: 0.2
0.1 B 0.1
- 0.0 ool Lo Lo d Llgg
0.0 0.0 0.1 0.2 0.3 0.4 0.5
0.5 hd
o o = =(VU. =(VU.
at 95% NP=(many x SM) = NP=(0.3 x SM) = NP=(0.05 x SM
. NP loop Scales (TeV) probed by
|C . |2 (471')2 |C .|2 4.5 TeV 2 Couplings order B4 mixing B mixing
h~15—2 ~ 4 1Cy| = |V Vik| tree level 17 19
t (2 2 t |2 1 A e R T Ty
|)\”LJ| GFA |)\’LJ| A (CKM-like) one loop 1.4 1.5
. ", 1Cy| =1 | treelevel | 7 2 _><_1_03 RS lO_Q o
0 = arg(cij )\z J ) (no hierarchy) one loop 2 x 10% 40

- Stage IlI: similar sensitivity to gluino masses explored at LHC 14TeV

D
Do

Belle I

MIAPP Workshop

Phillip URQUIJO
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Belle Il Flagship: H* Search in B¥*->tu, pu
b T

Helicity suppressed - very small in SM. \ H* W+

NP could interfere e.g. charged Higgs.

G2, £2 V., 2 2 a 2 2
BR(B, — Tv;) = FfB| 0| TBmBmi (1 — mT) [1 — ( W;B ) Abb)\TT]
m

2
8 R mpy T+
BFswm

Type ADD ALL

I cot 3 cot 8
IT —tan g —tan 3

III —tan 8 cot 3
The B meson decay constant v cot 3 — tan 3

|V, | : from indep. measurements.
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B—>1tv Measurements

Belle, B— T v (Had) PRL110 131801 (2013)
Belle, B— T v (SL) PRD 92, 5, 051102 (2015)

Bt — D"n*

(— Kn wntm™)

B~ — 17(— evv)v

B— 1V (SL)

(e)

. 2.0
pg, (GeV/c)

BaBar semileptonic tagging
(1.7£08+£0.2) 1074

BaBar hadronic tagging
(1.831035 £ 0.24) 107*

Belle semileptonic tagging (old)
(154755 103 107

Belle hadronic tagging
(0.721527 £0.11) 10~

This result
(1.254+0.28 £0.27) 10~*

3 4

B(B — 7v) (107%)

1.0
Egq, (GeV)
CKM fit :
1 2
The clean e+e- environment makes this possible
D o
(Vi MIAPP Workshop Phillip URQUIJO

53

THE UNIV OF
MELBOURNE



NP Fits with CKMFitter

'm :T L) L] L] I
- exchaded area has (1, > 099

The current flavour results place
stronger constraints than direct
searches from LHC exps.

| LEP (direct)

Belle Ave. Belle Il
5ab?! 50ab!

B>tv 96(1+22%) 10% 3%

Bouv <17  20% 7%

mu+ [GeV]

MIAPP Workshop Phillip URQUIJO 54
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Most curious hint of NP in heavy flavour

CERNCOURIER

Yaue

" 55 Nuwaene 9 Novewmaer 2005

“('c"_‘

‘ I

Tensions in the Standard Model
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Most curious hint of NP in heavy flavour

SCIENTIFIC
AMERICAN"

News & Festures Topics Blogs Videos & Podcasts  Education  Citizen Scien

The Sclences » News 93 tmad & Print

2 Accelerators Find Particles That
May Break Known Laws of Physics

The LHC and the Belle experirment have found partidle decay patterns that violate the Standard
Model of partide physics, confirming earller observations at the BaBar facility

CERNCOURIER
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’I By Cara Moskowitz | September 9, 2018 | Viéalo en espaiol
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2 Accelerators Find Particles That
May Break Known Laws of Physics

The LHC and the Belle experirment have found partidle decay patterns that violate the Standard
Model of partide physics, confirming earller observations at the BaBar facility

By Cara Moskowitz | September 9, 2018 | Viéalo en espaiol

o
|1 sncstoda
Home | PrintEdilon | Daily Edition - | About | Jobs \ Subscribe

Democracy suffers a blow—in particle physics

Throe independent B-meson expernments suggest that the charged leptons may not be 50 equal after al

Steven K. Blau 17 September 2015
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R(D™) =BR(B > D™ tv)/BR (B> D) pv)

e Reconstruct one B in Y(4S)—>BB event
e Either hadronic (PR D92 (2015) 072014) or semileptonic (arXiv:

1603.06711) decay mode

Babar, Phys.Rev.D 88, 072012 (2013)
Belle, Phys.Rev.D 92, 072014 (2015)
Belle, [arXiv:1603.06711]

LHCb, PRL.115,111803 (2015)

e First application of semileptonic tagging for B ->D(*)tv
e Look for signal in the recoil, B->D*tv, D* - Dmt, D>many, t=>lvy,

Events / (0.0666667 )

D
o
Belle IT

R(D*) = 0.302 + 0.030 + 0.011
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Babar, Phys.Rev.D 88, 072012 (2013)

R( D(*)) @ LHCb Belle, Phys.Rev.D 92, 072014 (2015)

Belle, [arXiv:1603.06711]
LHCb, PRL.115,111803 (2015)

® |dentify B->D*tv, D* - Dn, D>Km, tT>uvv
® Assume ps; = (ppo*+ pyu); to calculate Mmiss® = (ps — Po* — pu)?

® Require significant B, D, T flight distances, fit in Mmiss?, g2 and E,

- Data
R(D*) = 0.336 + 0.027 + 0.030 Rt W
B B - D'H.(— MX)X

B B - D"V

N B - D'uv
~ — T T T T T —] ) T T T C b ial
o AO00ETTT 055 < < 12,60 Gevrc LHCb § % 4000F 7935 <47 <'12.60 GeV/c' - paigentiied
> 3000:— = E - -
3 n ] & 3000:— —:
o n 1 2 - ]
§ 2000 = £ 2000 -
wn B - "9 - -
Q - 1 =3 5 ]
= 1000 — § 1000p ]
5 n ] © - ]
g - - —
8 wn o I..._ n — __
:s e P S e .. :: 2 ................................. _:
A 2=l B ST T T

-2 0 2 4 6 8 10 50 1000 1500 2000 2500
m2. (GeV?/c*) E, * (MeV)
7> miss
(Vi MIAPP Workshop Phillip URQUIJO 57
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We need more data! (more to come from Belle)

HFAG Winter 2016

Vamn 05 B T T T T I T T T T | T T T T | T T T T ]
x N == BaBar, PRL109,101802(2012) ) -
@/ - —— Belle, PRD92,072014(2015) Ay =10 -
v 045 LHCb, PRL115,111803(2015) - | —
§ Belle, arXiv:1603.06711 4.0 o-:above SM! ]
N —— HFAG Average, P(x?) = 67% Incc?n5|stent with a Type Il 7
04 — —— SM prediction 2-Higgs Doublet Model... —
025 S =
- R(D), PRD92,054510(2015) .
[ R(D*), PRD85,094025(2012) et o .
O 2 B l l l l | l l l l | l l l l | l l l l ]

0.2 0.3 04 0.5 0.6
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We need more data! (more to come from Belle)

HFAG Winter 2016

Vamn 05 B T T T T I T T T T | T T T T | T T T T ]
K | == BaBar, PRL109,101802(2012) ) -
@/ - —— Belle, PRD92,072014(2015) Ay =10 -
v 045 LHCb, PRL115,111803(2015) - | —
§ Belle, arXiv:1603.06711 4.0 o-:above SM! ]
N —— HFAG Average, P(x?) = 67% Incc?n5|stent with a Type Il 7
04 — —— SM prediction 2-Higgs Doublet Model... —
03 = 3 IR -
025 S =
~  R(D), PRD92,054510(2015) .
[ R(D*), PRD85,094025(2012) pt i 2 ]
O 2 B l l l l | l l l l | l l l l | l l l l ]

0.2 0.3 04 0.5 0.6
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B> K* I* I

® Ps’ anomaly > 3.5 o (Belle + LHCb)

Belle, arXiv:1604.04042
Babar, JHEP 1602 (2016) 104

® Analysis of longitudinal and transverse polarisation.

L R AR=# N% 60§B9"e
! \/E Re (A A Al] AJ_ ) ¢ =Electron mode
5 S .
A+ 1ABR) (1A + AR + AL+ |aTE)
&
15 ; , :
Belle preliminary K+ This Analysis ,
LHCb 2013 _
1.0 b § . 4 |
LHCb 2015 g |
05 B SM from DHMV e e
S 80;3elle
29 00 i ) S »-Muon mode
-0.5 F ‘[ —I— ‘% ‘“E*
| -%:= G . I
— 1 o
-1.0 | o / 7
Need Belle Il to test it in inclusive decays! fsa sm o em
-1.5 ! ! ! 5 z?++*++ - =L ++ ‘
~o 5 10 15 20 i} 'Z?f‘ff”*f:ﬂw
2 (G 2/ 4 ' ' ' M, (Gevic)
eV</c*)
D .
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Golden modes: B physics

PU, j.nuclphysbps 263-264 (2015) 15-23

Observables Belle Belle 11
(2014) 5ab~! 50 ab!
UT angles sin 23 0.667 £ 0.023 £ 0.012 [64] 0.012 0.008
a [°] 85 £+ 4 (Belle+BaBar) [24] 2 1
v [°] 68 +14 [13] 6 1.5
Gluonic penguins S(B — ¢K9) 0.907099 [19] 0.053 0.018
S(B — n'KY) 0.68 & 0.07 £ 0.03 [65] 0.028 0.011
S(B — KJKIKY) 0.30 & 0.32 £ 0.08 [17] 0.100 0.033
A(B — K%0) —0.05 + 0.14 4 0.05 [66] 0.07 0.04
UT sides |Vep| incl. 41.6 - 1073(1 £ 1.8%) [8] 1.2%
|V.p| excl. 37.5-1073(1 £ 3.0%ex. £ 2.7%n.) [10] 1.8% 1.4%
|V incl. 4.47-1073(1 £ 6.0%ex. & 2.5%n.) 5]  3.4% 3.0%
|Vp| excl. (had. tag.) 3.52-1073(1 + 8.2%) [7] 4.7% 2.4%
Missing F decays B(B — 7v) [1079] 96(1 + 27%) [26] 10% 5%
B(B — uv) [1079] < 1.7 [67] 20% %
R(B — Drv) 0.440(1 £ 16.5%) [29] 5.6% 3.4%
R(B — D*rv)t 0.332(1 4 9.0%) [29] 3.2% 2.1%
B(B — K*tvp) [107%] <40 [30] <15 30%
B(B — K*Tvp) [1079] < 55 [30] <21 30%
Rad. & EW penguins B(B — X,v) 3.45-1074(1 £ 4.3% + 11.6%) % 6%
Acp(B — Xqv) [1072]  2.24+4.0£0.8 [68] 1 0.5
S(B — K27Y%) —0.10 4 0.31 4 0.07 [20] 0.11 0.035
S(B — py) —0.83 £ 0.65 4 0.18 [21] 0.23 0.07
C7/Cy (B — X l0) ~20% [36] 10% 5%
B(B,; — vy) [1079] < 8.7 [42] 0.3 -
B(Bs — 77) [1073] — <2 [44]t —
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Golden modes: D and Tau physics

PU, j.nuclphysbps 263-264 (2015) 15-23

Observables Belle Belle 11
(2014) 5ab~! 50 ab~!
Charm Rare  B(Ds — uv) 5.31-1073(1 £5.3% £ 3.8%) [46] 2.9%  0.9%
B(Ds — 1v) 5.70-1073(1 £3.7% £ 5.4%) [46] 3.5%  2.3%
B(DY — ~vv) [1079] < 1.5 [49] 30% 25%
Charm CP Acp(D® — KTK™) [1072] —0.32 +0.21 £ 0.09 [69] 0.11 0.06
Acp(DY — 797 ) [1072] —0.03 £ 0.64 £ 0.10 [70] 0.29 0.09
Acp(D® — K97Y) [1072]  —0.21 £ 0.16 £ 0.09 [70] 0.08 0.03
Charm Mixing 2(D° — K3r+77) [1072]  0.56 £ 0.19 £ V7 [52] 0.14  0.11
y(DO — KOW+7r ) [1072]  0.30£0.15 £ )02 [52] 0.08  0.05
l¢/p|(D° — KOntn™) 0.90 + o717 i 882 52] 0.10  0.07
¢(D° — ngﬂr—) [°] —6+£11+ 1 [52] 6 4
Tau 7 — uy [1079] < 45 [71] <147 <47
T — ey [1077)] < 120 [71] <39 <12
T — g [107°] < 21.0 [72] <30 <03
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Summary

CP Violation measurements are a key driver of the heavy flavour program.
~10% (CP-violating) amplitude of NP still open.

Very curious anomalies in rare decays hint at charged Higgs-like, and possibly
left-right symmetry.

SuperKEKB has been brought to life - first turns occurred in February. Current
now almost 1 Amp! See C. Kiesling’s talk.

Rich physics programs at SuperKEKB/Belle Il and LHCb upgrades.
50 x integrated luminosity @ Belle |

New sources of CPV, New gauge bosons, Lepton Flavour Violation, Dark
Sectors.

Numerous anomalies to probe with the first 5 ab™.

Belle Il Theory Interface Platform - 2 workshops per year
https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP

D a1
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Belle Il at the e+e- intensity frontier: @509 MHz

Peak Luminosity Trends (e'e” collider)

s i 40 times higher
: luminosity

=
3

0% L

Luminosity (cm2s1)

=
B

1990 2000 2010 2020
Year
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KEKB to SuperKEKB

Colliding bunches

New superconducting /permanel

final focusing
guads near the IP

New beam pipe

& bellows

‘ e
Redesign the lattices of HER & LER to
squeeze the emittance

Low emittance positrons'to
inject

Damping ring »’
Nige/

Low emittance gun

Add / modify RF systems for
higher beam current

I/ t Positron source

New positron target / capture
section

Low emittance electrons

inject
To obtain x40 higher luminosity
gy ») S THE UNIVERSITY OF
P. Urquijo, ANU Physics Seminar, Belle Il Physics 66 (e hj MELBOURNE
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Feb 2016 News: First Turns at SuperKEKB (4 GeV e+’s and 7 GeV e-s)

May 23, 2016 (LER beam current at 790 mA, HER at 730 mA)

First new particle collider since the LHC (intensity frontier rather than

energy frontier; e* e rather than p p)

D
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Feb 2016 News: First Turns at SuperKEKB (4 GeV e+’s and 7 GeV e-s)

T T ———— e 1 i N %

May 23, 2016 (LER beam current at 790 mA, HER at 730 mA)

First new particle collider since the LHC (intensity frontier rather than
energy frontier; e* e  rather than p p)
MIAPP Workshop Phillip URQUIJO 68




Compare the Parameters for KEKB and SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

e, /g, (%) 0.85/0.64 0.27/0.24
0.052 0.129/0.090 0.09/0.081
oo (A) 2.6/1.1 1.64/1.19 3.6/2.6

Luminosity (1034 cm2 s1) 1 2.11 80 _

@

Nano-beams are the key (vertical spot size is ~50nm !!)
MIAPP Workshop Phillip URQUIJO 69 )
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Belle Il Mission

To search for new phenomena that may solve the missing antimatter puzzle

Builds on 2008 Nobel Prize success, M Kobayashi and T Maskawa "for the
discovery of the origin of the broken symmetry which predicts the existence
of at least three families of quarks in nature”. - Belle experiment credited

Lt SRR sl
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- zu"’"

Frairiy oo il
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The case for new physics manifesting in Belle Il

Issues (addressable at a Flavour factory)

® Baryon asymmetry in cosmology
—> New sources of CPV in quarks and charged leptons

® Finite neutrino masses
— Tau LFV.

® Quark and Lepton flavour & mass hierarchy
— higher symmetry, massive new particles, extended gauge
sector

® 19 free parameters
— Extensions of SM relate some, (GUTSs)

® + Puzzling nature of exotic “new” QCD states.

D
MIAPP Workshop Phillip URQUIJO 72



Generic Bounds on New Phenomena

e Generic bounds without a flavor symmetry
105 [ ® Ways out
: 1.New particles have
10 i masses »> 1 TeV
z: : 2.New particles /
— 10°F degenerate masses
D L
< N 3.Mixing angles are
10 : small
10'F
L (s —d) (b —d) (b — s) (c — u)
Ampg, ek Amg, sin28  Amg, AL, D-D

D
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Be”e ” DEteCtor [600+ collaborators, 99 institutes, 23 nations]

Belle Il TDR, arXiv:1011.0352 KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel

EM Calorimeter
Csl(TI), waveform sampling el
Pure Csl + waveform sampling (

—

\

\

electrons (7GeV) ntification

zation counter (barrel)
g Aerogel RICH (forward)
lower than in Belle

Vertex Detector

2 layers Si Pixels (DEPFET) + ! 1
4 layers Si double sided strip DSSD

S ..
§\ positrons (4GeV)

Smaller cell size, long leve

MIAPP Workshop Phillip URQUIJO 75
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Be”e ” Detector [600+ collaborators, 99 institutes, 23 nations]

Belle Il TDR, arXiv:10smfs

] ter layers)
:aps, inner 2 barrel

EM Calorimet

Csl(Tl), waveform s
Pure Csl + waveforntii

—

\

electrons (7Ge W & \ 2T, 7'
|||\ : ] 3 g Ll € ) g (barrel)
‘v ] 9 XS s _ forward)
y = e Belle
Vertex Detector a ’

2 layers Si Pixels (D
4 layers Si double s

B MIAPP Workshop Phillip URQUIJO 75
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Time-of-Propagation(TOP) Detector

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
MCP-PMT (sphere, r=7000)
Backward Forward

Quartz radiator

Focusing mirror

elle I

400

TOP + ARICH PID

- Belle Il MC
— Preliminary

-

measure t, x and y 200 |-
Side view of crystal |
charged particle 0
//> QC cherenkowangle K -0.4 -0.2
crystal
W /TC
backward-going <t I_
————> z-component of unit velocity
B MIAPP Workshop Phillip URQUIIO

- po*{

n K% Belle

_ﬂ_ K'O';' TOP+ARICH
Belle Il
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Time-of-Propagation(TOP) Detector
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1st Time of Propagation Detector delivered to Tsukuba Hall, Jan 2016
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Feb: 1st TOP bar May: fully installed!
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Silicon Vertex Detector

Carbon fiber
(CF) cone

Outer CF shell

End flange

End rings
T
: BXD Beam pipe 04 + + O Tracks with PXD clusters
. (inside SVD >  individual sub-detector m'“"’ with PXD clusters
o Oz0
| Reconstruction fraction: Ks From B-> JpsiKs | 03 |— ® BaBar Ouo
8 0 8 = T T T T T T T = 5 o)
3 - ] Resolution much
= 0.7 = f},« B /E\
0.6 Greater outer E £ 0.2 |- better than
— . ] =~ o
05 radius enhances Ks = o Belle&Babar
04| acceptance . 01 = g |
03 :_ ——— Belle ndou i ' ? 8
ool e | 1., 88828935800 00000
F ~ Belle2_SVD_1stout ] 0 bt |! tl!t|',’!t|+,“ ko P
01 —— Belle1_SVD_1stout
T . 1 2 3
0 I R B T TR T IR I T I T T S NN T R RN RN | 1 2
0 5 10 15 20 25 30 35 40 ;5%%(228 Transverse Momentum (GeV/c)
Py rad[cm] B
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SVD L3 Construction & Mechanical test with close-to-final parts

MIAPP Workshop Phillip URQUIJO



April 2016: 2 full-sized Belle Il pixel modules at DESY

Working examples of L3, L4, L5, L6 SVD ladders

Test the integrated PXD-SVD system. This

Test full-sized PXD modules in a includes ROI (region of interest)
beam. extrapolation from the SVD tracker to

the PXD, which is needed to reduce the
large data volume.
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CDC

Moved to main experimental hall in Jan 2015
DAQ cosmic tests ongoing.

Wire chamber built. Installing electronics

.l'
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CDC

Wire chamber built. Installing electronics f; Moved to main experimental hall in Jan 2015

W Wa'
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Trigger & dataset

@® HLT output estimated to be ~¥11 nb =11 kHz at nominal luminosity .

@® Largest dataset in particle physics outside of LHC.

Belle I

MIAPP Workshop

250

200

150

100

50

Tape (PB) for raw data

total integrated

Copy outside KEK
Original @ KEK

Challenge

Phillip URQUIJO 33

THE UNIVERSITY OF
MELBOURNE



Belle || Schedule
2018 2019
oL L oL oL 7T L STl 1ot 1T 2L ST 4L 1 61 7L 81 STtoT12] 1T 2T 3T 4L o 6] T e STl el 11215

Summer Summer y Summer

Global Operation Shutdown Physics Run
machine time per JFY 6
Belle roll~out/in

When do we start Belle Il ?

QCSL at KEK, Dec 2015

MIAPP Workshop Phillip URQUIJO 34 ‘ﬁ )
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Belle || Schedule
2018 . 2019
PO COENEEDEOE DN EDEOE DO EDEE

Summer
Shutdown Physics Run

Global Operation
machine time per JFY
Belle roll~out/in

phase 210 3

When do we start Belle Il ?

BEAST PHASE I: Started in Feb
2016 (Belle Il roll-in at the end of =
the year) =
BEAST PHASE II: Starts in Nov
2017 [first collisions, limited e 1L
physics without vertex detectors] § B i
Belle Il Physics Running: Late
2018 [vertex detectors in]

QCSL at KEK, Dec 2015

D N ¥
MIAPP Workshop Phillip URQUIJO 34 B
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Strengths of ete” @ Y(4S)

® Unique capabilities of Belle Il:
* Exactly 2 B mesons produced (at Y(4S))

* High flavour tagging efficiency.

* B full-reconstruction tagging with precise/ 7/ & S
initial interaction kinematics.

» Detection of photons, 1°, p*, nt), K,

* Clean (“see” decays with several
neutrinos). Belle Il covering =90% of 4,

and (N(track)) ~ 10 per event
PID & Tracking will be MUCH better

MIAPP Workshop Phillip URQUIJO 85
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“Missing Energy Decay” in a Belle Il GEANT4 MC simulation
Signal B> Kvv tag mode: B> Dm; D Knt

Zoomed view of the vertex
region in r--phi

View in r-z

)
)
o
N
N

| N 1
. i “““*“ - h‘ -
/ . . . T “:g t
—>Belle Il Software is in a fairly advanced state /
F
D s
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The CKMfitter group

® More results on http://ckmfitter.in2p3.fr

o Woderatan saraTmetnn

e e

CKMfitter global ft results as of Moriond14:
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Jérdbme Charles
Olivier Deschamps
Sébastien Descotes-Genon
Ryosuke Itoh
Heiko Lacker
Evan Machefer
Andreas Menzel
Stéphane Monteil
Valentin Niess
José Ocariz

Jean Orloff
Alejandro Perez
Wenbin Qian
Vincent Tisserand
Karim Trabelsi

PU

Luiz Vale Silva

Theory

LHCb

Theory
Belle/Belle Il
ATLAS/BABAR
LHCb

ATLAS

LHCb

LHCb
ATLAS/BABAR
Theory
BABAR

LHCb
LHCb/BABAR
Belle/Belle Il
Belle/Belle Il

Theory
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CPT Marseille (FR)

LPC Clermont-Ferrand (FR)
LPT Orsay (FR)

KEK Tsukuba (JP)
Humboldt-Universitat Berlin (DE)
LPC Clermont-Ferrand (FR)
Humboldt-Universitat Berlin (DE)
LPC Clermont-Ferrand (FR)
LPC Clermont-Ferrand (FR)
LPNHE Paris (FR)

LPC Clermont-Ferrand (FR)
IPHC Strasbourg (FR)

LAPP Annecy-Le-Vieux (FR)
LAPP Annecy-Le-Vieux (FR)
KEK Tsukuba (JP)

U. of Melbourne (AU)

LPT Orsay (FR)
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http://ckmfitter.in2p3.fr

CKMfitter Methodology

® Global fit to CKM parameters q = (AA,p5,Nn"...) mARS ARS RN AAR RARE AN AARS R
— Rfit

ERfit
® Use Frequentist approach to build (p-value) functions e Gauss ® flat

. ) . T Gauss ® Gauss
®|n the case of Gaussian (Experimental) uncertainties — e\

Oth(q) - Oexp 2 E—
oo

£@=]]Lo(@ x*@=-2InL(q)=) (
O @

e Estimator " maximum likelihood:

®x*(q") = ming x*(q)

\\Lll\II‘\I\lIIIIl\J\‘II\|I\I‘\\I

o S A
\
b A Ll s

e Confidence level for a given qo obtained from Ax?(qo) = X 6 4 2 0 2 4 6
Xr::xp o Xtheo
® Dedicated RFit scheme for the treatment of theoretical s
systematics are considered as additional nuisance parame )TC = M+ dV%O,l] + wa
Observation ﬂ Gaussian Systematic
stat. error bounded in [-A;A ]

Parameter

D ‘
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