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(LP2+IQ) Unitarity Triangle

Kobayashi-Maskawa theory

Complex phase in the quark mixing matrix
— CP violation in the Standard Model (SM)

CKM (Cabibbo-Kobayashi-Maskawa) Matrix

32
Vg Vis 1-A¢/2 A

V=| v Ve Vg | =| A 1-12/2 AX2
3(1_ AL
Vee Vi Ax3(1-06)) -AX 1
o _ (o,n)
From the unitarity of the matrix: VygVup* VigVip b, = B
Vudvub* + Vchcb* + thth* = VeaVep” ; = o
b3 =7y

(0,0) (1,0)
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(LP2+IQ) Unitarity Triangle
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L ¢'3 % i \ ‘ﬂ?_d/ Am,
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= 0.0 — ] 0.5: | S
i . 5 ’
05 — — ar s | I
- - -1 0.5 0 0.5 1 _
I 4 g e, | ° Overconstrain the triangle
10 % 3 B — test of the SM
- T r : sol. woos2p <0
= Summer 18 (el at CL= 0.95) -
15 'n'j' — 'ﬂ*ﬂ' — 'n's' = '1'0' - 'L'E' —, * Measurements generally consistent.
' ' ﬁ ' ~ « Still room for O(10%) New Physics
effect.
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[LP2¥IQ| Time dependent CP Asymmetry

Mixing-induced CP asymmetry @
« B0 and B decay to a common CP eigenstate fqp. x

» CP violation appears as a decay time difference.

[(BO(AY) — fep) = T(BY(AL) — fep)
Acp(At) = —
['(BO(At) — fep) + T'(BO(At) — frp)
= S sin(AmAt) + A cos(AmAt) S : mixing induced CPV
S =& sin(2¢,) for B — Jy K, A direct CPV (=-C)
Flavor-tag oo measure position instead of time
Belle/BaBar / (B or BO ?) Eer ~30% o: .
“f  Bo i BO
e- e""- _______ ,4/:' J/ 0z i /
—i. ... \ / W f > |
.. ............... r‘/ cp o |
t:O : Az : <KS M:_- = = = ; 3 .
~ 200um At ~ Az/cBy
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(LP2+IQ) Measurement of ¢, (B)

* sin(2¢,) has been measured precisely with b — ccs tree process vt R
sin(2¢,) = 0.699 = 0.017 (HFLAV) VeaVeo'
« Measurement of sin(2¢,) using other processes with penguin loop:
v To probe non-SM contribution in the penguin loop. [©.0) N7
« Recent results from Belle: B — J/y n°, n° 70 K¢ with 711 fb~?

Vcdvcb*

PRELIMINARY

0
JY T Scp vs Cep @

B — Jhy n® (tree + penguin) [PRD98 (2018) 112008] . —
Understanding of penguin contribution could § : Belle
. . . 04 F ; ! i Average -
Improve the uncertainty of sin(2¢,) :

— T T T T T T § 02 -

1 S=-sin(2¢;) inSM

@ 0 s ;
a - | :
z 3 S=-0.59+£0.19£0.03 = > : SM expectation
E, f A=-C 0.4 F : : E
H X +0.04 3 s
= -+ : : ;
0.15+0.14 -0.03 L . L -
-1 -0.8 -0.6 -0.4 -0.2 0
Contours give -2A(In L) = Ay = 1, corresponding to 39.3% CL for 2 dof SCP
At (ps)
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(LP2+IQ)

Measurement of ¢, (B)

©

B - n%n%Kg

WY

b

[PRD99 (20109) /A

011102]

A=0.28%+0.21%0.04 »

0w o0l
o

g

0l
Q|

New result
from Belle is
coming soon

S =-sin(2¢,) in SM
g = —(.gp*0:27 +0.10

-0.31 -0.11

J Lk
q 50
w | BO tag
T 40f o
e | BO tag
= [
3 30
© [
20|
10}
e a0 2 4 6
At (ps)
BaBar ;
I i

PRD 76 (2007) 07110t

Belle :
PR D99 (2019) 011102

-0.72+0.71 £ 0.08

0.92 227 +0.11

b — sqq
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|Summer 2018
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LP2419 0 ©

V;.bvcs

Another combination of the unitarity of the
CKM matrix makes a squashed triangle.

Vusvub* + Vcchb* + Vtsvtb* =0

violation in B decays like B, — J/hy ¢.

0s= Omix = 204==2B; (i SM) P :
6s=-36.8".0 mrad (SM) @ ‘
« Experimental technique [New J. Phys. 15 (2013) 053021]
v excellent time resolution (<100fs) necessary - * Tusecdmixed
because of fast B, oscillation,
» Cannot be studied at B-factories due to

small boost factor.

v' flavor tagging
v angular distribution to extract CP eigenstate. 0 i 2 3 4

decz;y time [ps]
|

S. Nishida CKM and CP constraints from B-decays Lepton Photon 2819
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* B¢ can be measured in mixing-induced CP @ b

o Tagged unmixed

4001 1 " Q —— Fit mixed

L3, T P Fit unmixed

candidates / (0.1 ps)




(LP2+IQ) o, from ATLAS

 Be > Iy § [ATL-CONF-2019-009]

* Previous result from ATLAS was based on 19.2 fb™1 at 7-8 TeV (Runl).

* New measurement with 80.5 fb™" at 13 TeV (Run2).

 Flavor tagging (of the other side b-hadron) using weighted sum of the charge
In a cone around a lepton or in a jet. Calibrated with B* — J/y K*.

10°

° 50— ATLAS'F Prel|m|nary lllll”lol‘l:;&lltla‘l‘”l R <3 10?EATLAS Prellmlnary T I,Ib;m‘il o é
= - Vs=13TeV, 805" — Total Fit ] i = {s=13TeV,80.5fb" —Total Fit E
P 40 C - ggq_nﬂ/w KO B @ 1 0° E .- Background 3§
= L Ag— Jyp K i i-é C - - Signal -
(0 C ] wo 10° E — Prompt J/y =
30 7 10°E -
20 - 10°g E
E . 107k
10— —
C ] 10
B uw.l....-.j_;u_l o TP I P A S P R N RN EEEN R
o - - - o = ' - - - - * -
= 3 =
¥ 2 =
g 9 m’: g
-2
-3 I E I I ‘ I
-4 52 525 53 535 54 545 55 555 56 6 8 10 12 14
B, Mass [GeV] Proper Decay Time [ps]
L |
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(LP2¥IQ) o, from ATLAS

Physical values obtained from 80.5 fb™" I, AT, decay with and

Parameter Value | Statistical | Systematic decay ch.jth ditterence
uncertainty | uncertainty 95 (= 2B) CP violating phase
5. [rad] 0,068 0.038 0,018 A% |A|?  CP state amplitudes
AT [ps~'] | 0.067 0.005 0.002 Oy, O, Strong phases
Lslps™'1 | 0.669 0.001 0.001 Agf?, S S-wave parameters
|A;(0)? 0.219 0.002 0.002
|Ap(0)]? 0.517 0.001 0.004 — T
|Ag(0)|? 0.046 0.003 0.004 % 0.14-  ATLAS Preliminary --.7and 8 TeV, 19.2 fb” -
6, [rad] 2.946 0.101 0.097 3 | {s=7,8,and13TeV  ---13TeV, 805" . ]
5” rad] 3967 0.082 0.201 0.12} 68% CL contours : gm%z;gﬁﬁ'z +80.5fb 7
5, — 0s [rad] | —0.220 0.037 0.010
0.1 Pt RN 1
Syst. for ¢, is mainly from tagging ; _
0.081 -
Combined with 19.2 fb~1 data @ 7,8 TeV 0.06F O ]

9, =-0.076 = 0.034 + 0.019 mrad S e e e
AT = 0.068 = 0.004 = 0.003 ps~’ |
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(LP2+IQ) ¢, from LHCb ©

[arXiv:1906.08356, arXiv:1903.05530]

« Bq — J/y K*K~ and Bg — J/y .

a T I — 1 T T T ]
« 1.9 fb~! from LHC Run2. = 18000 n ) E
_ : = LHC =
« B; — Jiy K*K~ around ¢ region. g 16000 Bg — 5
" 14000 J/y KHK™ — Total E
— < 12000 | =
Ia 0.14; LHCb % 10000 - — — Signal 3
e 1D, Dt 3fb! Spring 2019 S 2000 E
= ; S - ---- Background 3
9Ll Jmr 491! g 6000F E
o & 4000 F e
_ = 2000 J L =
010 OF". 1 L h L e ‘.".\‘LL r— f—— y . ¥

| 5200 5300 5400 5500

m(JWwK 'K7) [MeV/c?]

0.08] JIWKTK~ 4.9 BS N ‘J/\V K+K-
0.06. ¢,=—84 £ 41 = 6 mrad
I Bs — Jlyn'r ~
-0.4 -0.2 -0.0 0.2 0.4
¢s[rad] ¢s=—57 = 60 = 11 mrad

LHCb combined
¢, =—41 = 25 mrad

S. Nishida Lepton Photon 2019
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(LP2+19) Combined ¢, ©

T - T SM prediction
£y ] 68% CL contours (I) - 36. 8—0 7 mrad
< 1 (Alog £ =1.15)
0.12] ) (CKMFitter)
| CMS 19.7 fb!
A HFLAV (exp. average)
0.101

¢,=— 55 = 21 mrad
Cb 4.9 fp! 1000 [arXiv:1808.08865

0.08‘/

0.06 ATLAS 99.7 fb !

LHCh
1004

XA+ X o

0.4 .0.2 00 02 04

stat () [mrad]

x4 M °

109 . B = (290 X
B~ D-D} M
[ J

ccs
(bc [ra’d] <
BY = J/iK* K~ high mass
BY — J/rr

* Improved measurements from ATLAS and LHCb. . /
. BY — I/
* Exp. error still one order larger than the SM. o Hallms
. . . . === ¢ central value [CKMFitter Summer 2016]
 Measurements are limited by statistics. Further 0.1 : —
. . D 23 50 300
Improvement is expected at HL-LHC.

Integrated Luminosity [fb™]

X 4 + X

S. Nishida
Aug. 9, 2019
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(LP2+I9) ¢, from Loop Diagram ©

» Measure ¢, in other processes through loop diagram.
» Good probes for New Physics: heavy NP particles in the loop.

B — (K*n™)(K™ nt*) | Bs — ¢d

?/ signal
3.0fb"Tat7, 8 TeV

——'—--
—

I e 111715} combinatorial

Candidates / 9 (MeV/c?)

¢ (dd) = -0.10%£0.13%+0.14 rad . b.g.
[JHEPO3 (2018) 140 ] B B g erteK
5200 5300 5400 M(K75<§29K_) [Mewfzﬁ]oo
(|)S = - 55 * 21 mrad (HFLAV) for b — ccs (I)s (sss)= -73+115+27 mrad
[Parallel Talk by C.Santamarina on Thursday] [arXiv:1907.10003]
S. Nishida Lepton Photon 2019
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LP2#10) 0/ ¥ ©

(p,m)

* ¢4/ y can be measured using the interference B - D K

and B - D K.
v Not necessarily B - D K. B —» D K* etc. are fine. N
q e/ (1.0
K u ]
WS s b 0 A; DO K-
b c B O W c / \
1 Je e F f
u ~ K _
: ~ \ — /
color favored color suppressed (5
- 0K - * — _ DOK- " A;rge(’e—¢3)
B~ — DK™ = V V), B~ — DK~ ~ V,, V%
Aq Aerei(5B—d>3)

» Only tree contributions: theoretically clean.

» Several decay modes (final states) possible to extract ¢4/ y.

« Amplitude ratio r; and strong phase 6; are mode-dependent.
v’ sensitivity depends on modes.

S. Nishida
Aug. 9, 2019
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LP2+IQ) Y

e GLW (Gronau-London-Wyler) [PLB 253 (1991) 483, PLB 265 (1991) 172]
v. B* > DV K=
v' Use CP eigenstate of D meson.
* ADS (Atwood-Dunietz-Soni)
v" Enhancement of CP violation by using doubly
Cabibbo suppressed decays.
« GGSZ (Giri-Grossmann-Soffer-Zupan)  [PRD 68. 054018 (2003)]
v 3 (or multi-) body final state.
v' Different amplitude and strong phase in different
region of Dalitz plot.
* GLS (Grossmann-Ligeti-Soffer) [PRD 67. 071301 (R) (2003)]
v" Singly Cabibbo suppressed D decay (KsKn)

[PRL 78, 3357 (1997), PRD 63. 036005 (2001)]

_______________________________________________________________________________________________________________________________________________________________________________|]
S. Nishida Lepton Photon 2019
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(LP2+¥IQ) ¢ / vy from Belle ©

» Binned Dalitz plot analysis using B~——D°K~, D%z~ with D—Kgrn*n .
v" Model-independent formalism
v' DY—>Kgn*n™ is the primary mode for such studies, but DO—Krn*nn® has
twice larger branching fraction (5.2%).
v 1g(DK) ~ 0.1 and r z(D=)~0.005 while B(B~—D%~) ~ 10 x B(B~—D%K").
B-—D%" is not sensitive to ¢4, but serves as a control mode.

3.0
For the B~ decay, o
I'I_ = K, + I‘éKi + 2/ K,'K,'(C,'X_ + S,'y_) g2
. S31.5
X4+ = rgcos(dg + ¢@3); y+ = rgsin(dg £ ¢3) T
1.0 h
Ci, Si - cosine and sine of the strong phase -t 2
difference between D° and DO R R
m?2 (GeV?/c¥)
InpUt from CLEO-c or BESIII Dalitz plot binning for Kg7r+7r_.
K; and K; - fraction of flavour-tagged D events S, NI
S. Nishida CKM and CP constraints from B-decays Lepton Photon 2019
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©
(LP2+IQ) o5 / v from Belle ©O
DO KentnnP.
x10° S x10° E o T o .
% F T ‘1 T T T T ' - T T  RARES T T ™ T : ‘;‘09?. .:E: Ksn+Tc _:
g 0.3F \ B~—> D% { & | B~— DK~{ & k- e Kin*nn® ]
% | { 2 0.03} X 0.8f~ ceet . E
S F 41 X ! ; b * e Combined
2 ok - 0981+134 | S | I\ 8L5+31 4 o0 Rt E
PR events 0.02 ; events - o6h: SR 1
= F 2 - - OF . Y :
o = . = C e :'.: :': Belle q
Z ol 1 2ot | | 05F 3 prowmmay 3
! - RN TN 04 §
[ g | r’. -; '..1".“1..- l-‘T:;I;. O . :_ : =. ..'= :._:
0 0.2 0.3 % B % W R 11 :
AE (GeV) AE (GeV) 0.2f 3
> 0.8 T T T T
0.6_ (a) ?’f(lell?minary : -_gf;l;minmyz 0.1 E_ _,
0.4f : Y B %020 40 60 80 100 120 140 160 180
0.2} B'—Dr" | 7/ B*—DK* ¢, (degrees)
: B—Drn '/ BDK ] ’
02; """"""""""""""" - $5 from Belle
: @8I = 4y
0.6} .
osEl Y. ST b ol IRTIOE with this measurement
0.8-0.6-0.4-02°0 020406 0.8 0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8
X
First measurement! Promising at Belle Il (estimation: 4.4° at 50 ab™")
S. Nishida - Lepton Photon 2019
CKM and CP constraints from B-decays
Aug. 9, 2019 Y
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(LP2+IQ) ¢4 / v from LHCD

» Updated y (=¢5) measurement by LHCb with ADS/GLW method.
« BO— DK*0 with D — K*n™, KK™, n*n”, K'n™n*n™, n*n n*n~ (+C.C.).
o -1
4.8 fb™"at7, 8, 13 TeV (Runl+2) [arXiv:1905.08297]

+ *
BO—>D(K7:) _ B%> D(K*n7) K*0

T T T T T T T T s T T T T T i
—— Data ] —— Data ]
— Fit 3 — Fit 3
[ | Combmatonal ] I Combinatorial 3
— B —DK" E — Eg—>DK*° E

— B'SDK® 3 — B—DK™
[ ] B’—>D{<_’ Iﬁr ] [ | Bj —)D{( ’:Jrn‘ ]
YAy G MB-DKY 3
e EEAD T ] P B°-D L ]
B-DK B'—=D'K™

e

5000 5200 5400 5600 5800 5000 5200 5400 5600 5800
K ") [MeV/c2] K™) [MeV/c?]

B0 D(K-r*) K"

B0 —» D(K*r~) K*0 "™

—
—— Data 4 —— Data =
— Fit ] — Fit ]
I Combinatorial I Combinatorial
— B SDEK? —B'-DK” 3
— B'>DK™ ] — B'DK™ ]
BB DK B B DK 't E
B’ —D'K [ | B —D'K™ g
[ EDMD T ] [ BMDT: T E

B—-DK 3 B'-D'K"

5000 5200 5400 5600 5800 5000 5200 5400 5600 5800
m(nK], K ") [MeV/e] m([nK],K ") [MeV/c?]
|
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(LP2+IQ)

Contour from this result LHCb 2018
Contours contain the 68.3%, 95.5% and 99.7% C.L. 2 1 I T l
350F Z : i
: (- S LHCD -
.‘-:< 300F LHCb e — 0.8+ B B! decays Preliminary _|
?Qm B (- B B’ decays 7]
L : 0.6~ I Combination o
200 ( - i 1
- 0468 39 g
150 £.06.570 ... RS
100f 0.2 ]
; ( - 95.5% ;
g o ... A N
E 0 50 100 150
0 T M N _ +5.0 \o v [°]
307730 60 80 100 120 140 160 [L?O y—(74.0_5.8)
Expect to improve the error +4.6
: 1.1 _27)°
slightly. HFLAV (7111 53)
: +1.
CKM fit (65-8_1_9)"
S. Nishida Lepton Photon 2019

¢ /v from LHCD

Aug. 9, 2019
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LP 2*19—] [Vuo| @and [Vep| ©

* |Vl and [V ,| can be measured using semi- 14
leptonic decays b — ufv, clv.
V \Y,
xb
« Two approaches: inclusive and exclusive b X\ W
> X = c,U
\

f ) ("
Inclusive Semi-leptonic 7 Exclusive Semi-leptonic

i ) W
B —

BF~ 25%

1%
I
Vd\ D*

. - . Y,
do not specify hadron state specify hadrons (experimentally clean)
— QCD corrections to parton level decay rate — QCD contributions parametrized in form factors
- Operator Product Expansion (OPE) in agand A/m,, - Lattice QCD (high g?) or LCSR (low g?)
S. Nishida Lepton Photon 2019

CKM and CP constraints from B-decays

Aug. 9, 2019 20



(LP2+I9) Vun| and [V

Tension between inclusive and exclusive

exclusive measurements (2019 spring)

— 5 — _ 5 average for inclusive
5 p e e 4
= 4.5 [ Bonlv \V:b|:globa1 ﬁt%
S Ay—=ppv —
2 - [ ] Average68%C.L. + ] |Vcb| - (42191078) X 10_3
L | I Average Ay’=1 - . .
4 o - (inclusive)
- 1 | |Veo| = (39.25+£0.56) X 1073
35 — (exclusive)
. 1 | |Vuw| =(4.32£0.17) x 1073
i Ml (inclusive)
25 e o ro=re | V| = (3.49%0.13) X 1073
34 36 38 40 42 44 (exclusive)
V_[[107]
cb
S. Nishida Lepton Photon 2019
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(LP2+IQ) IVep| from B — D*Ev

[arXiv:1809.03290
to appear in PRD]

* New result of untagged analysis of B — D*{v
by Belle.

 Simultaneous fit to cose,, cosO,,, x, W
(hadronic recoil) to extract form factors and
F(l) |Vcb|-

» Two form factor parametrization, CLN [NPB530,
153 (1998)] and BGL [PRL74, 463 (1995)] are
used.

n [T T T | |
. . . c 140 . .
v" CLN was mainly used in previous .%1205- | S e Lopton, TrFako 0
measurements. : :
N(B—D*ev) = 90738  1°0F 05 from different B°

N(B—)D*MV) — 89082 80:_ : Off-Resonance Data
60 -]
Bonus: Lepton Flavor Universality test 40F E
: _ 20F = 5 .
B(B" - D*"etv) _ i : | , ]
; — = 1.01£0.01+0.03 Y T R X T
B(B® — D*~ptv) A M (GeV)

S. Nishida
Aug. 9, 2019

Lepton Photon 2019
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(LP2+IQ) IVep| from B — D*Ev

Fit for BGL parametrizations for B — D*uv

x10°

o | 1o Fﬁ world average

Wz T ==
Veo| = (42.19+0.78) X 1073
. — W cos0, (inclusive)
;';r — V| = (39.25+0.56) x 1073
07 ™105 14 145 12 125 1.3 135 1.4 1.4 :v.s % 08 —0-6';5-4';&-{'6'”012”'0-4”'0-'5”“-3;‘;5'9: (eXCIUSiVe)

Events

Events

’ 12m (including this result)
15 a COSGV 105

In the preliminary result,
the tension seemed to
be solved by BGL
parametrization, but

CLN: [Ve| = (38.4%0.2+0.6+0.6) X 103 actually not.
BGL: |Ve| = (38.3%0.3+0.7%0.6) X 1073

thrm
=

cosb,

Tension still persists.

S. Nishida , i Lepton Photon 2019
Aug. 9, 2019 CKM and CP constraints from B-decays >3



(LP2¥I9) |Vep| from B — D*lv ©

- BaBar performed full 4-d analysis using [arXiv:1903.10002]

426 fb~1 data set.
 Hadronic B..., reconstruction with 2968

tag
modes (more modes than before for

== /o -
higher efficiency). N. Do e A..

Ve| x 10° /

BGL 38.36 = 0.90
CLN 38.40 + 0.84 Form Factor

Tension still persists.

e LCSR'08

[ —— CLN BaBar
— BGL BaBar .- 7
CLN WA

world average

|Veb| = (42.19£0.78) X 1073 A
(inclusive) | i | osf v
IVe| = (39.25+0.56) x 1073 | b b Wb d b -
(exclusive) et

S. Nishida
Aug. 9, 2019
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[LP 2*19_] CPVINB" > TC+K+K_, it : Q

[PRD96, 031101(R) (2017)]

 Large local CP asymmetry in the phase space was found

by LHCb and Belle in the decay B* — n*K*K". 2
v Acp=-0.123+0.017%+0.012+0.007 (LHCb) "; i
[PRD90, 112004 (2014)] o, 021 +

« Amplitude analysis of B* - n*K*K- and B* — ntn-rnt by << -4
LHCb 0.6 EELLE
[Parallel Talk by C.Santamarina on Thursday] @

sl
5

Mass distributions for B~ and B* at 1.0 < M(KK/zr) < 1.5 GeV

_ _ - M KK
B> TC+ Bt > ntnntt B+ _) KK~ ( )
—_— 3 I T I LI I TrrrrrrrT I LI —_— - I llllllllllllllll ] T T 1]
<O : = Model b 400§ - M+0del
= 500 v ... 1 =350 &%) T B B*>1*K'K
o B 2 300k Combinatorial]
O 400F ] ©300 ’
— . Combinatorial{ — E B—4-body
S A S 250f B->4-body
< 300F Bd-body < 200§ < BSKKK
> = BSKimt ~
$200 8 150f
< < 100k
= 100 2 sok
= S ] S s VE F
o 0 - o 0
5.1 52 53 54 55 51 52 53 54 55 5.1 52 53 54 55 51 52 53 5. 4 5 5

m(T ) [GeV/e?] m(Trn ) [GeV/c?] m(t K'K") [GeV/c?] m(T'K'K") [GeV/c?]
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(LP2¥IQ) CPV in B* - n*K*K" ©

_1 .
cwp———————————— 3.0fb™atRun1 [arXiV:1905.09244]
T ogspose LHCD BT — rKYK™ ;

S of - 2502102 evt. 3 Contribution  Fit Fraction(%) Acp(%)
I S : K*(892)° 75+0.6+05 +123+ 87+ 4.5
v E K;(1430)° 45+07+12 +104+149+ 88
10 E Single pole  323+154+41 =107+ 53+ 3.5
P P p(1450)° 307£1.2+£09 —1094+ 44+ 24
) S i s R f2(1270) 75+08+07 +267+102+ 48
0 10 ", (GeV? e Rescattering 164 +0.84+1.0 [-66.4+ 3.8+ 1.9
. i $(1020) 0.3+0.14+0.1  +9.8+43.6+26.6
rf : - LHCb B~ — nK*K~ 3 _
S o “ . 1566+84 evt. ] * Fitto S resonances + non-resonant +
x| o ] nn—KK rescattering.
! F E
F ] » Large CP asymmetry comes from the
10 — .
: ] rescattering component.
i: E v' Can explain the previous result.
Mg GV [Parallel Talk by C.Santamarina on Thursday]
_______________________________________________________________________________________________________________________________________________________________________________|]
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LP2+IQ) CPVin B* -» n*nn*

3.0 fb~' at 7-8 TeV (Run1l) [LHCb-PAPER-2019-017, LHCb-PAPER-2019-018]

— 06— ‘ ‘ ‘ ‘ ‘ ‘
LHCb LHCb RS -—-— Isobar
Preliminary Preliminary % 041 LHCb L-h:atrix + (D)?tla
. _B_ , L .. _B+ ] 2 0.2 -l-ln-ll-:l-’-f':l-:'::i:ﬂ-‘\i *J{
E 0.0f :Ir_'t.HH- JF + _I_ JF*+—+_J[ J[
LM '
T RECEET s w o .. Acpinf,(1270) region
mi, [GeV?/c!] mi . [GeV?/c?] ‘ ‘ ‘ ‘ ‘ ‘ ‘
4t
« Large CP asymmetries found in 3 Lo P L LA U
v f2(1270) Component. B e R P T T

v p(770)-scalar interference (in projection to helicity angle). o GV

v' S-wave components (with three approaches).

[Parallel Talk by C.Santamarina on Thursday]

More study can be done with LHCb Run2 data.
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(LP2+IQ) CPV in BY > K KK* ©

B+ > KKK* B™ — KsKgK™ [PRD99 (2019) 031102] ,__:
120 F BELLE

120
Belle 711 fb™
Not an amplitude analysis

—
o
o

100 F

Qo
o
—

B(B* - KsK<K*) = (6.5+2.6+0.4) X 107
Acp(B* = KK K*) = (+1.6£3.9+0.9)%

N
o
——

Events/(12.5 MeV)
3

Events/(12.5 MeV)
3

N
o
—

Mo

0 ey . . l O gt gy by gy gy itiiaon _
0.1-0.05 0 0.05 0.1 0.15 ~0.1-005 0 005 0.1 0.15B(B* &> KgKgn*) < 8.7 X 1077
AE (GeV) AE (GeV)
x107° 0.8
; 12 e Data 0.6
8 10 _+__+_ = Phase space MC 0.4
& 8 , 0.2
2 < 0
= - -0.2
g ; —-— $ . —0.4 +
T 2Fa™ -0.6
O 1 1 1 t t T, e 1 _08
115 2 25 3 35 4 45 5 115 2 25 3 35 4 45 5
Moo (GeV/c?) Moo (GeVi/c?)

S. Nishida
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LP2+IQ) Conclusion ©

» Updates on ¢, /_y, IVl ds ' ¢ Amy& Am, 3
« CP Asymmetry in B* - n*K*K~, n*n~n". s 2 singe, : 3
é 5 (excl, .a.l:‘:_ > ‘0.95) _E

= E3 _ 0, =

E Ay K Summer 18 g ,’) . o E | ¢3I Y ‘p: ~__ g

05 g B S . 0'043.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

oa é . E"" (@ed, alCL = 0455 _E E
= u - .

03 A = Belle 11 50 ab™! [arXiv:1808.10567]
02 2 _f T T T "2 & ° ' ' T " W I ' '

0.1 | E Amj & Amg M ]

o0 =, = ; s N

EiE] 02 0.0 0.2 0.4 0.6 0.8 1.0 solWicos2 <0 ]

-ﬁ . (excl.'at CL > 0.95) _i

0, 3

* More results from LHCb are expected. . E

* Belle Il started, will join the game. 3

[Talk by T.Browder on Monday] 1), Loy e
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(LP2+19) ("

Backup

_______________________________________________________________________________________________________________________________________________________________________________|]
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(LP2+IQ)

Events /0.5 ps

Measurement of ¢, (B)

Sin(2f) = sin(2,) [=rT

PRELIMINARY

BaBar ! . 0.69 +0.03 £ 0.01
PRD 79 (2009) 1072009 .
BaB : . 0.69+0.52+0.04 £ 0.07
PRD 80 @bogcj 112001 | — OO9E05E 0082
BaBar J/y (had K. : : 1,56 +0.42 4 0.21
PRD 69 (2%(%4?0%38&?) = : Lo
Belle : ' 0.67 + 0.02 + 0.01
> = : > : PRL 108 (2012) 171802 |
= 0.6F = 0.6[F ALEPH : 0.84 *15; £ 0.16
£ - CP Odd . = ++ CP even PLB 492, 259 (2000) T ot
E. 0.4:— I+;+-+++F E. 0'4 }_+_ OPAL ; d 3.20 *120+0.50,
B2 n.z;l, s jl"%l 2 o2b 1 +\<P4’ I EPJ C5, 379 (1998) ‘
- , o i CDF . +0.41
0 E“‘x*_ ¥ o j T -* Jf;fr“ PRD 61, 072005 (2000) * 078 0
0.2t e + 0.2 } il LHCb " 0.76 + 0.03
.0.4 HH -0.4f 1|>+ JHEP 11 201?}1?0
2 - 2 Belle5S ; N 0.57 £ 0.58 £ 0.08
oep o6p PRL 108 (2012) 171801 . B
-6 -4 -2 0 2 4 6 6 -4 -2 0 2 4 6 Average 0.70+0.02
At (ps) At (ps) HFLA . .
-2 1 2 3
sin(24,) = 0.667 + 0.023 + 0.012
A=0.006 +0.016 £0.012
[PRL 108, 171802 (2012)]
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(LP2+IQ)

cos(2p) in B — D®hO

o . : : esssmessspy (T AAARRREN
* sin2p is precisely measured, but trigonometric “‘220 ¥\
. . . - O e
ambiguity exists for . 1-°E— ‘ 68 ~y AMg& Am,
« Time-dependent Dalitz analysis of B — D®h?, Rl
D — Kentn™ (h = 70, , ) can resolve it "I
) S 5 ; . €k /
- Joint Babar + Belle analysis. g% X -
v 2
471+ 772 M BB N Mal..@.o» ’
[ Bl s ] () BB Bl e }'T:EE: [arXiv:1804.06152,
Mg — M| < 150 MeV /e 130 ] L E
e +[L:gm.:edw JF = arXiv:1804.06153] ¢ o Y
S ey H- (o 59) + g T N A,
= 0 My RN AR
§ EE -1.0 -0.5 0.0 0.5 1.0 15 2.0
i 0 p
v ._ Y B sin(28) = 0.80 £ 0.14 (stat.) % 0.06 (syst.) + 0.03 (model)
é o . Lo cos(2f) = 0.91 + 0.22 (stat. ) + 0.09 (syst.) £ 0.07 (model)
& = 0.5 0
%_ G +T_+:_+1 — _Z %ﬁtl*:in g = [22.5 + 4.4 (stat.) + 1.2 (syst.) + 0.6 {nmdelj)
5 L0 . A 10 First evidence of cos2f3 > 0.
%D —8 —6 —4 —Sr &ps'j {1 6 #8 —6—4 -2 C‘]:psi i 6 8

(two different region in Dalltz plane)
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LP2+19) b3/ ¥ ©

Bin Bin region B S — |
— 0 o g
m(rT 7~ 1) &~ m(w) ‘
2 m(ng_) ~ m(K*_) & Belle
m(7T+7TO) ~ m(p+) 6f Preliminary
3 m(K37T) ~ m(K*T) & S
m(n ™ 70) & m(p™) o
4 m(Kgm~) = m(K*™) | . 2}
5 m(K27T) =~ m(K*T) ’ 1t :
6 m(Kk37%) &~ m(K*0) " % 50 100 150 200 250 300 350
; 1 egrees
7 m(rT7%) ~ m(pt) 0.5} .
8 m(7~ 7”) ~ m(p”) |
9 Remainder i
0.5 N .
A
5T s 0 s 1 1s
G
¢; and s; results in 9 bins using CLEO-c data
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(LP2+IQ) o, from ATLAS

Systematic Uncertainties

¢s AT I A0 A |As(O) 5y 3 b1 —0s
[rad] [ps'] [ps'] [rad] [rad] [rad]
Il Tagging 1.7x1072 f§ 0.4x1073 03 %107 02x107° 02x107 23x107° 19x1072 22x1072 22x107}
B Acceptance 0.7 %1073 § <107 <107*  08x107 07x107 24x107 33x1072 1.4x1072 2.6x1073
BUID alignment 0.7 x1073 § 0.1 x10 05x1073  <107* <1074 <107 1.0x1072 72x107*  <107*
S—wave phase 02x107° 8 <107 <107*  03x107%  <10*  03x107 1.1x1072 2.1x1072 83x1073
-Background angles model:

Choice of fit function 1.8 x1073 § 0.8 x1073 <1074 1.4x1073 0.7x107% 02x10° 85x1072 19x107" 1.8x1073
Choice of pr bins 1.3x103 J05%x1077  <107*  04x107 05x107 12x107° 1.5x107° 72x107% 1.0x1073
Choice of mass interval ] 0.4 x107> § 0.1 x1073 0.1 X107 03 %107 03x1073 13x107% 44x107* 74x107% 2.3x1073
Dedicated backgrounds:

M B 23x107 f 1.1x1077 <107 02x1077 3.1x107 1.4x107* 1.0x1072 23x1072 2.1x107?

| 1.6 X103 § 0.4 1077 02x107 05x107 1.2x107 1.8x107° 14x1072 29x1072 0.8x107°
-Fit model:

Time res. sig frac 1.4x107 f 1.1 %107 <107*  05x107 06x107 0.6x107 12x1072 3.0x1072 0.4x1073

Time res. pr bins 33x103 f14x1073 0.1x102 <1074 <107 05x107 62x107% 52x107 1.1x1073

Total 1.8x1072 0 02x1072 0.1x1072 02x1072 04x1072 04x107% 9.7x107% 2.0x10"" 0.1 x10™7!

Uncertainty in the calibration of the Bs-tag probability; MC statistical uncertainty included in fit stat. error
Alternative detector acceptance fit-functions and binning determined from MC

Radial expansion uncertainties determined from their effect on tracks doin the data

Background angles model (fixed in UML fit) extracted from data with varying sidebands size and binning
Uncertainties of relative fraction; fit-model and P-wave contribution

Uncertainties of relative fraction; fit-model and contributions from Ab-J/WA* decays

Toy-MC studies; pulls of the default fit model, default fit on toy-data generated with modified PDM

slides from A.I

S. Nishida
Aug. 9, 2019

Lepton Photon 2019

CKM and CP constraints from B-decays 34



(LP2+IQ)

‘Vub‘ and ‘Vcb‘

m Ir T T T T T rrrrrrrrrrrrr 1 117
= 6'0;_ § Vb Exclusive ;
X 55 { Vo Inclusive ]
S $ A, puv(1504.01568) ]
= 5.0¢F ;
zost| | SERE
|VUb| o . g y ] { f:p_| 3 - ‘B I D*'l ' l ! Inclusive H
4.0F ] o B B:DWV IV |: GGOU ]
3 } I } } — B B osmlv V'] global fitinKS
3.5F ] ; ERely A c E
: I AR W= i
[ ] r_ B [ Average 68%C.L. B
30 :' - 4 C Average Ax2=1 -
2.5 :. L MR B R Tr B TR PR IR S T T N B R : :
o o o o o o oo > < - |
Q, [#) [ O o (2] [ (7] 0,0
% G B By R R R5%%05%5% 351 3
M L L DL B AL L L L e e D D LN L ] =~ -
< 0.0 b ! Ve Exclusive 1 3f v ]
% § Ve Inclusive ] C o Sorng 2010 ]
>8 47.5F § B-D"1v(1809.03290) - 25 | . . | P =77% ]
Preliminary I 3 36 38 40 42 44
G 450 . -3
- ; IV, [107]
425¢ q i § 1 ERE [] ]
40.0 f { -
Vool ) ot 1)
37.5} -
35.0 _| PR I T T | 1 1 L IS TN TR [N T SR (ST ST i
o o o o o o o <
[#) (@) o (o) [ [ O 0
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(LP2+IQ) Two B Factories ©

Instrumented
Flux Return

1.5T Solenoid 1.5T N Aerogel Cherenkov
SC Solenoid = 2 Counter

CsI(TI) NN
Calorimeter

TOF Counter —

Drift Chamber

\ Drift Chamber

T
N W
Electromagnetic : 7 R
Bk R Calorimeter - ( Sl
erenkov Detector - Silicon Vertex '
(DIRC) Silicon Vertex Detector KLMuon Detector

Detector

Superconducting
cavities (HER;

‘\‘ Belle detector
' o, |

KEKB B-Factory = \¥

D>

Lo
BaBar @ PEP-II BELLE

i
ARES copper . g
cavities (LER) . %

ARES copper
cavities (HER)

) 8 GeV e + T
9GeVe + 35 GeV e rnng
3.1 GeV e

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel
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(LP2+IQ) B Factory Luminosity

ete” — Y(4S) — BB (6=1.1nb) 1fb-1~106 BB @ Y(4S)
. Total ~1040 fb!
fb Integrated Lum|n05|ty[fb 11, Peak2.11x10%cm™2s™

1200 — On resonance:
: —KEKE ——PpEP- / | Y(55): 121 fb™!  ~—__ B
1000 L g =4 Y(4S): 711 fb™?
: D : : -1
) _ Y(3S): 3fb
200 ] | Y(2S): 24 fb
| KEKB/Belle > | (1) 6fb™
I I Off resonance, scan:
600 | g _ ~ 100 fb!
- RS _
ool P ~ Total 550 fb
| /w8 | Peak1.21x10%cm2s!
200 | y/— il On resonance: 1
| PEP-l/BaBar Y(45): 433 fb~
oL Y(3S): 30 fbL

Y(2S): 14 fb

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 Off resonance:
These data are taken till 2010. ~ 54 fb~!
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