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¢ Direct CP violation (DCPV) including ¢3/7v from B — DK, DCPV effects,
branching fractions and polarisation in charmless B(s) decays

® Three standalone sessions and one joint session with WG2 and WG4
® 13 talks in WGb sessions and 6 talks in the joint session

® Huge thanks to all the speakers!

Anton Poluektov, Fidan Suljik, Arnau Brossa Gonzalo, Seema Bahinipati, Niharika
Rout, Daniele Manuzzi, Diego Torres Machado, Yun-Tsung Lai, Sagar Hazra,
Syuhei Iguro, Matteo Bartolini, Asier Pereiro Castro, Xinyu Shan, Ulrik Egede,
Wenbin Qian, Fabio Ferrari, Tobias Huber, Jeremy Peter Dalseno, Eleftheria

Malami


https://indico.cern.ch/event/891123/sessions/418040/#20211125
https://indico.cern.ch/event/891123/sessions/418047/#20211124

® 3/ measurements
® Charmless B decays

® QOther CPV and polarisation measurements



Current Status of CKM parameters

Ulrik Egede, Wenbin Qian, Fabio Ferrari
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¢3/~v measurements

Anton Poluektov

Unitarity Triangle angle v/¢3 Vi, .
m Measured entirely in tree-level transitions b 1A—THI'<

in the interference of b — ¢ and b — u diagrams. Bl iry
= All hadronic parameters can be constrained from J,
experiment i6p
. . _ 0 7+ TpDe
= theoretically very clean (uncertainty < 1077) DK
[Brod, Zupan, JHEP 1401 (2014) 051] BiT-Bei‘sB_'f fK*
» Combination of many different modes: \EUK*/

m Time-integrated asymmetries in
B DK, B— DK* B— DKn T
with D — hh, hhhh ("ADS", “GLW")

w Dalitz plot analyses of D — K{hth~ from Vi e
B — DK, B — DK* ("Dalitz" or "BPGGSZ") B ! ‘

» Time-dependent analyses, e.g. BY — D K, ) )
BO — D - 4




¢3/~v measurements

Fidan Suljik
Tree-level (direct measurement) Loop-level (indirect measurement]

o7 T T T T T T T
3 - aam, |
Y@ g : g g B G
E es £ S Ao,
g = N
| = EB E
¢ = u% - ;
E o |
b E E p B J
i ; f 3 - . . s ;
o2 o4 e os 1.0 02 a0 a2 1 s os L0

P P
y = (72.159)° v = (65.66:930)"
CKMfitter2 Summer 2019

« Direct measurements of y at tree-level are expected to be benchmarks of the Standard Model

* Indirect measurements consist of global fits to the unitary triangle, where some inputs include loop
processes and assuming closed triangle. New Physics expected to contribute through loop processes

* Adiscrepancy between direct and indirect measurements would be a clear sign of New Physics



ADS measurements at LHCb

Fidan Suljik
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(Quasi-)GLW measurements at LHCb

Fidan Suljik

BE - DhE D > hihtr®

LHCh

Preliminary
gom

Preliminary we 5

=800 LHCH
= 9!

B [K-w sk 1
LHCb L= !

B (KoK
LHCb L= !

. . 5000 m o w5 FTI -
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<0 e
T30 5 300/ , 5
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= = BY 5 [t K-nilok
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21w £ 100, 0 fat
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® Relatively smaller observable CP violation due to amplitudes of different sizes

e First observation of the suppressed mode in D — h*h¥70 with > 7o



BPGGSZ measurements

Arnau Brossa Gonzalo

Measurement of y using B* — Dh* decays with D - K2h*h™

» Kdm*tr~ and KPK* K~ modes studied

= 8(2) bins, in the Dalitz plot,
maintaining symmetries.

* Defining cosine of §5% as ™ 1z 14 16 18

m2. [GeVEfet]

_ Jydm?® dm? |Ap(m?,m2)|[Ap(mi.m?)|cos [6p(m?,mi) — dp(mi.m?)]

\/f, dm? dm? |Ap(m?, m})|? [ dm? dm? |Ap(mi, m?)?

= And fraction of pure D decays We can relate the signal yields in each bin with CP

R . dlm.ﬁ(?mi\Au(mfrni)\z n(m? .Vmi) . parameters
ZJ J! dm? dm? | Ap(m® ,m?%) [ n(m? ,m?) N = e [FﬂJr ((1 ).k)2+( prcy? )FJ,.AZ\/F DKo —yPKs ) }
= n(m?,m?) : signal efficiency N = hye [1‘,, + ((‘ PR+ wh") )F + 2/ FF (o e+ y 2" }
N =hg [FJrl ((1 "j2+(y” )2)F + 2/ FF (aP%cps + 4P, }
N~ = hg- [1-' ((1 DEY? 4 (4K’ ) Foot 2B, (17 e, - yP%s }

22K = 1B cos(55K £ 4) and yPX = r5X sin(655 +4). | 8




BPGGSZ measurements at LHCb

Arnau Brossa Gonzalo

Measurement of y using B* - Dh* decays with D - K2h*h~

1

=
= CP observables results Y )

x 1072

8

. 06
x 1072
%107 04
%1077
x107%
®x 1072
ﬁg(J.l.
» Uncertainties are statistical, systematic and due = ;[
to external inputs af
ol
* Systematic uncertainties dominated by partially ous|
reconstructed backgrounds am|
5 = (68.712%)°,
rERT = 0.0904%5 0077, x oom2
PR = (118.3759)°, e
. o008
727 = 0.0050 £ 0.0017, wonef-
F07° = (20172, ows|-
002 -
= Most precise single y measurement to date! ]




~ combination at LHCb

Arnau Brossa Gonzalo

(arXiv:2110.02350) .02 _ = § - ; §
B | [ e | LHGb| = LHC
\-E'-mn*’u-m.n' a7
99008 All B*—Dh* modes o
= Most precise measurement of both y 15| | ISR Beaty snd Charm 7 100}
and charm mixing parameters from
= First simultaneous determim'iti'on of a single experiment ol 1 s0l-
CP observables and charm mixing :
parameters. ) ol mem leﬁm,;fodﬂ
. - b d Charm
* Simultaneous combination has a 0.0! % T i E::m T T
small effect in y measurement, but baN| 7l
reduces the uncertainty of the charm
mixing parameter y by half = T T
r v K [rHCb
= 0.8 1
= Still room for improvement, 06F 3
sensitivity in the B, B? and B+
modes expected to improve 04F B
%0 o significantly when including ongoing 02k ]
v [°] analyses :
No Mixing
= Moderate tension found between 0 Current World Average
initial state B mesons 02F LHCb Beauty and Charm B

-02 0 02 04 06 08 1
@ [%]

10



BPGGSZ measurements at Belle

Seema Babhinipati
B* - D(K rt 7r JZO)K

GGSZ

“LIT£009%58

o py= (5T £355T

95% CL interval on ¢3 .
(—29.7,109.5)° consistent with the v

T
2
3
4
5
6
7
8
0 current world average

o rp=0323%£0.147%0.023 £ 0.051
183 . “of @ "o
. b= (834%183) £3.1£40 “ I
Signal-enhanced fit projections o3 5o o3 W=
" ! o B -
04 a4
d ad
Mooy Mooy

® Single-mode uncertainty of 4.4° achievable with 50 ab=! sample at Belle Il
® Further improvements possible once a suitable amplitude model is available
® Precise inputs for ¢;, s; from BESIII will help in reducing the systematic
uncertainty 1



Color-favored two-body B — Dh decays at Belle

go

+ Analysis using full Belle dataset of 711 fb-1

+ Individual Branching fractions of the Cabibbo
favored and the Cabibbo suppressed measured
BF(B" — D*z7) = (248 £0.01 £ 0.09 £ 0.04) x 1073
and the Cabibbo suppressed
BF(B® = D'K™) = = (2.03 £ 0.05 £ 0.07 £0.03) x 107*

+ Ratio of branching fractions of CS and CF is
measured as RP = (8.19 £ 0.20 + 0.23) x 1072

* This ratio facilitates tests of theoretical predictions,
particularly those of factorization and SU(3)
symmetry breaking in QCD.

+ Individual branching fractions are lower than the
theory predictions, however, the ratio agrees within
uncertainties

Seema Babhinipati

D h~(h =, K)

L B - D
1 5000 |- — Gombined model
a — B0
]
Sa000f g e
£ 3000 [~ Comb. background
Peaking backgrou
@ 2000
1000 |-
0
5 )
-5
0.1 -0.05 0 0.05 0.1
AE (GeV)
B - D)

Events / (0.005 GeV }

Pull

0.1
AE (GeY)
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First B — DK /m decays at Belle Il

Niharika Rout

« Common selection to all the final states
az D _— AN D N afficio : H i
Nyion cnhancea = (1 = KN € = kaonlID efficiency « Common signal extraction strategy
k = pion fake — rate « PID selection prompt h: pion-enhanced and
DK — (1 _ A pONDE =
‘M|)i:1|1 enhanced (L= e)RN,y kaon-enhanced
- _ 0 D - 3 250 Fgaite 1 preliminary) 8 - DY ICr) ah B  Falle 1 preliminary)
DK _ ~pONDr 2 wof
Nk:mn enhanced — R "\lnl xR ’Nmr are directly E 2o f| Lo2en’ p:r\_a:::nm H ::. I“‘:n“"
eg(tracted from. E wb 0 — B % B o e e
5 5 simultaneous fit of & ED B 0K &% i ormncns DK
LhYARS S L 100 - 4tj+BE background F
‘\lmn*n enhanced — "“\lk‘l B — Dh o 0
5
_d .8
I v— . s I ] e ]
St 0 5[ " 0 -I
B e LI ST w T T
AE (GeV) AE (GeV)
;:'Em Betle Il preiminary) i:.?ﬁ":-:m g 160 | Balle W fprefminany) 'E;;',.f,f:.‘;?;]d" A ;z F Beite i preliminary) & 0O Kwn|  § 3 el preimeany) B b0 o |
2 1000 J‘U"ﬂ“m' 4 Data g 1o _IL“'“?—E""I £ 30 JLu::azam‘ +g’“”"“”"" g » —Iml:azum" aon e
2 a0l + _?m;mm g ::7 £ 250 ----B:‘:u“x e =E &
- e 3 f , TRl Pwl DR
juDr L3 S F= prpt || | P DK
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e = 2 ° o
o '] o 0
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BPGGSZ measurements at Belle + Belle Il

B* — D(KIhth™)K*

E Belle B' = D(Ka w)n
— J'Ldt:‘ﬂlm‘
3 —— Data
= ) ees BT D"
w0 — Drn ——B DK
= B8 background
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3 . o]
a ; g -
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Events / (0.02)

Pull

Events /(0.02)
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Niharika Rout

Belle

il WS "ol 2D (AE, C) simultaneous fit

A of B— Drand B - DK

:: : |+ K — 7 misidentification rate
e is directly extracted from
L " - ] data

0 01 02 03 04 05 06 07 08 09 1
c

Nsignal : Belle

K_sz' = 1467 £ 53
KKK =194+ 17

Belle B aD(K‘;(‘.!')K'
i JLm =7’

40% increase in signal yield
as compared to previous
best result of Belle

0 01 02 03 04 05 06 07 08 09
c
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BPGGSZ measurements at Belle + Belle Il

Niharika Rout
B+ - D(KS(,)thh*)KjE
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BPGGSZ measurements at Belle + Belle Il

Niharika Rout

Results
| Belle + Belle Ii
0l ILdl=(711+128) s
88(°) 124.8 £ 12.9 (stat.) & 0.5 (syst.) = 1.7 (ext. input) 1
rg¥  0.129 + 0.024 (stat.) 4 0.001 (syst.) & 0.002 (ext. input) S 0.15
#3(°) 78.4 + 11.4 (stat.) £+ 0.5 (syst.) 4= 1.0 (ext. input) o 1'
Belle previous results: PRD 85, 112014 (2012) 0.085 =5 50 5o
oy — +15.1 4 + 0, [°]
() 773_14.9 +4.1+43 180
[ Belle + Belle Il )
« This result is most precise to date from the B-factory 160[- ILd'=(7”+ 128)to-
experiments r
52 140F
« New inputs from BESIII on strong-phase has significant %120;
impact on systematic uncertainty /i D0z 020 112002 Jo0k
Phys. ) 102 C
* Use of B = Dh decay mode to incorporate efficiency sat . ‘ ‘
& 50 700 150

effects reduces the experimental systematic uncertainty o [
3 16



Input from BESIII

DO — K§W+7T_

(PRL 124, 241802 (2020), PRD 101, 112002 (2020))

» Strong phase parameters are
obtained by MLH fit with
expected and observed DT yields

» The strong phase parameters are
limited by statistical errors

» On average a factor of ~2.5 (2.0)
more precise for ¢;(s;) than
CLEO-c measurements

» The associated uncertainties on
y are expected to be 0.7°, 1.2°
and 0.8° for equal A§ , optimal
and modified optimal binning
schemes.

Equal Ad

K
Y
3
2
e

1 2 3
m? (GeV¥ict)

A

051

& of

05}

\ \ | \ \

DO — KOKT K-
(PRD 102, 052008 (2020))

» Measurement of y (GGSZ) « c;, s;

» The strong phase parameters are
limited by statistical errors

» Compatible with CLEO-c
measurement with improved

» The results of KIh*h™ have been 05
used ony measurement by LHCb [, .,°
and Bellell. The uncertainty from
charm inputs is 1°.

» The associated uncertaintyonyis ' - T
expected to be ~1.3° (N=3,4) 05 | i
\

Xinyu Shan

VI PN

N
|Bin number|

m? (GeVich)

I

12 14 16 18
m? (GeV¥eY)

1.5

— Statistical
Total

j” 2
I
[N

@ 0

b

\.

*  BaBar Model
15 a1 05 9 05 1 15

d
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New ideas for v measurements

Anton Poluektov

Carefully optimised binning has ~ 80% power of the unbinned fit.

Can we do better? [AP, EPJC (2018) 78: 121]

Weight functions instead of bins in phase space z = (m%,m%):

/...dz — /...xw.i(z)dz

Dl

Treat decay densities as vectors in Hilbert space:

Projecting event density onto basis functions w;(z).

Works with scattered unbinned data (sum with weights).

E.g. Fourier expansion of strong phase = E
difference: %
w2n(z) = cos (nAdp(z));

Woy+1(z) =sin (nAdp(z))

Additionally, can split -
D~ |Ap| < |Ap| and D : |Ap| > |Ap|

3
m? (Gev?) 18



New ideas for v measurements

Double Dalitz plot analysis Anton Poluektov

[T. Gershon, AP, PRD 81, 014025 (2010)], [D. Craik, T. Gershon, AP, PRD 97, 056002 (2018)]
0 . v
m B decays have larger interference term rp ~ 0.3

» 3-body B — DKm: amplitude and strong phase varies = correlated B and D
decay Dalitz plots.

= Applying the same model-independent binned technique to B — DK decay

Agnipis = AgAp + eV AgAp ,

After binning both Dalitz plots, system of equations:
(Nai) = havibplz {E:Ki + koK i
+ 2/ EaKiRa K i [(#ati — 0asi) cO87y — (asi + 0aci) siny] } N

Can be solved with three classes of events:
w B— DKn, D— K 7t (i=1,c1 = cosdkn, 51 = sindxr, Ki/K_1 =1%,)
"B+ DKrn, DK Ko nt(i=1ea=+1s=0K =K_1)
w B— DKn, D— Kintn™

ADS-like mode contaminated by BY — D* K decays at LHCb, study if the fit works
after removing it (but can be added at Belle Il)

19
Reasonable precision even in worst case re — 0.2 - o(~) ~ 10° in Run |+Il and 2.5° with 50 fb—1!



New ideas for v measurements

Anton Poluektov

Unique measurement for LHC: b-baryons. [Giri, Mohanta, Khanna, PRD 65 (2002) 073029]

~-sensitive modes in the case of A}:

A — DAY mode:

—pw
m S- and P-wave amplitudes with different strong parameters. Distinguish in
A" — prr~ angular distribution
m At LHCb, affected by low efficiency to reconstruct long-lived A°.

First try with excited, strongly decaying A™ — pK ™ instead.
m Search for suppressed mode A} — DpK ™~ with D — K7~ (ADS-like)

m Measure CP asymmetry
20



Charmless B decays

Daniele Manuzzi

® The b — u tree-level transitions and
the b — s(d) penguin transitions
dominate the charmless B-hadron decays

© Similar magnitudes due to CKM suppression

© Physics BSM in the loops may be revealed by comparison
of measured quantities and SM predictions

® Relevant quantities: branching fractions,
time-integrated and time-dependent CP asymmetries

O Sensitive to UT angles and B& mixing phases,

© but the combination of several measurements is necessary
to extract the CKM parameters

21



Charmless two-body B decays at LHCb

Daniele Manuzzi
Long-standing B — K7 puzzle

O Isospin relations »ACP(BJr — K*7%) = Ap(BY —» K*77)
© The experimental state of the art was [HFLAV2019]:
WA + + .0 — +
AWA(BO — K'7) = (+40£2.1)% Almost &o dLSCT‘@.PQth
A (B - Ktr)=(-84+204)% AepKm) = (124 £2.1)

O Is it due to strong phases and amplitudes
or is new physics emerging from the loops?

O Full B — K puzzle sum rule [PLB627(2005)82]: ~
BB — K% °

2B(B* — K*a%) 1°
B(BY — Ktg~) 7+ — " B(B"= K*x7) 1t B(B" — Ktr) 1*

B — Kﬂtrnj T

Acp(B® = K*a7) + Acp(BT — KOr") =Acp(BY = K*2") — +Acp(B” = K°n°)

22



Charmless two-body B decays at LHCb

Daniele Manuzzi

~ T T T
; LHCb LHCb '~ °
= BT — K sym B~ — K " samt 37
> 3500 —~+ Dau EE]
= 3000F — Sigual EE
= : -~ Combinatorial -
:2500 F - Partial Reco EE]
- E Peaking Partial Reco. 375
$ 2000 g B
3 1500F
9 2
£ 1000 z
© so0f B
0 N = 1 0 L . 1
4500 5000 5500 6000 3500 5000 5500 6000
m(K*’) [MeV/c?] m(K ) [MeV/c]

The direct CP asymmetry has been measured to be:

Most precise

ALHCE(B+  K+70) = 2.5+ 1.520.6 £0.3)% | | ackerminstion

to date
[Phys.Rev.Lett. 126 (2021) 9, 091802] stat. syst. ext.

New world average: A (B"‘ K*7"%) = (3.1 £ 1.7) % , which implies:

AMABY - K% - AMABY - Kty = (1152 1.4 % 0007 23

ok ¥



B%, — h*th~ at LHCb

(s)

Asymmetry

Asymmetry

Daniele Manuzzi

® Most precise
determination of

these quantities to

date

® First observation of

time-dependent CPV

in the Bs sector

0.5 T Rana [Runt: PRD9
E . High Energ. Ph
”‘45 LHCh 3 f LHG Final comblnailonswnh Runi resulis
035 191" 3 F 19! + E
02 777 sample 4 | x*x sample E
O o - = (320387 |
0.1 1F E
02 ib 3 = (—672£3.4)% ]
-03F e E \
04 1F E
B S T/ R VA R S S B TR
Decay time [ps] Decay time [ps] CKK_ (17 2+ 3 1)%
[ aaaaamsanaa sy s b e
. e :
19 i 10 191 1
l).()S}K‘K'wmpleﬁ & sample 3 SKK =(139+32)% ]
L OS tagging 4 | SSK tagging 4
oE B 1 Bl J
RS [ ewassan )
—0.05 1F -
7\||\HH\\HHH\H\\\H\\\\\7 7|||\ [ ||\|\|\|\\|H\HH7 V

h 0.050.10.15020250.3035) 0050. I 0150202503035
(1-1,) mod (27/Am.) [ps] (1-y) mod (27/Am,) [ps]

Decay time is folded into 1 oscillation period

el

(Cex)*+ (S ™+ (A8F)* =093 x0.08 @ ”



Charmless three-body B decays at LHCb

Relative branching fractions of BT — hT AT h'™ (Pro102 (2020) 112010) Diego Torres Machado

— Signal + crossfeed, partially reconstructed and combinatorial

baCkground Decay Fit yield

2l

- FLHCY — 2 0 B = KKK 69310 £ 280
. B I [ S 5760 % 140
o P I N B =K'z 94950 % 430
g 0 B bty g f ) oy B* — gtnta” 25480 + 200
150

Loaor ook

.szx;_.h_ ) BB = h+h‘+h‘—) corr

sloo S0 sa0 5200500 w0

5400 3500 3400 53
K KK) [MeVied] KK ) [MeVYe]

BB — KTKYK=) 59

LHCh

=ee- Combinatoisl
- KR

- Compincrial
7 3suf a x 1 i Cﬂfj + Z bini Wi
4 3000 5 K peor — IChiny
= Self mi 1D = w0 b s oy -
3 2t S B 4bady ; b 2 gveto glot
B : ¥ n
2000 < e J /

Bk

Correction of efficiency across the
Dalitz plot via sPlot technique

500 w0 00

500 5200
k) [MeVied]

sl 5200 00 S0 55
e ) [MeVied]

BBT — K K*n )/ BB - KY'KTK™) = 0.151 £ 0.004 (stat) £ 0.008 (syst)
B(B* — K nta ) B(BT — K*K*K™) = 1.703 £ 0.011 (stat) + 0.022 (syst) o5
BB+ = ntrtn ) BBY - KTKHK™) = 0.488 £ 0.005 (stat) = 0.009 (syst)



Charmless three-body B decays at LHCb

Amplitude analysis of B+ — 7r+7r+7rf (PRL 124 (2020) 031801, PRD 101 (2020) 0120&O Torres Machado
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Charmless three-body B decays at LHCb

Amplitude analysis of B+ — 7r+K+K7 (PRL 123 (2019) 231802) Dlego Torres Machado
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O Isobar model components:
— K*(892)Y, K*(1430)°, single pole, p( 145())"‘,‘@( 1270), rescattering, ¢2(1020)
0 Dominant contribution from the non-resonant component

— Responsible for almost all CPV observed in B* — 7*KTK™(-12.3+2.1)% 97



Charmless B decays at Belle

B — ppmm (PRD 101, 052012(2020)) Yun-Tsung Lai

M, >5.27Gevicz £ [

Signal-enhanced projection plot =
of data fit result

e

|AE| <0.03 GeV

! g 0

M_ of B mode (GeV/c?)

r} 06

M,., of B mode (GeV/c?)

B - pprm®
Signal yield 73.875 151 £39
Significance (o) 55 54
BF (10%) 0.83+£0.17 £0.17 458+1.17 £ 0.67

® First measurement of the mode; search for p mode - yield 86 + 41
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Charmless B decays at Belle

Bt - KTK 7t
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Charmless B decays at Belle

Bg — 77/(Xs§, n, Ké)) (PRD 104, 012007 (2021), PRD 104, L031101 (2021))

Events/(0.006 GeViet)

o
Multiple peaks in signal:
Energy shift due to

s s 5% 4 s
i Gave)

Sum of fits to all M(X ) bins
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UL is set on BF

B(B% +N'Xsd) = (0.7 8.1 +0.7 35+ 0.1)x10+
- UL:1.4x10s@ 90 C.L.

-5
B(B® = i) (25+£22+0.6) % 10
<6.5x 107 @ 90% CL

B(BY - n'K9) < 8.16 x 10-0




Charmless B decays at Belle Il

Isospin sum rule for B — K Sagar Hazra

Belle II (Preliminary)

030
Ij;=—011+0.13  Belle+BaBar+ LHCb-+Belle Il Winter 2021
| e 5
B(BO — K+7~) = (180 0.9(stat) +0.9(syst)] <10 § 7= TE{B - K 02 o= Projected uncerainty without Belle 1
Acp(B° = K+~ ) = ~0.16 +0.05(stat) + 0.01(syst) § SE = 3 : 2 0o Projected uncertainty with Belle 11
g W )
P R = 5 : 15 A Agoges Acin-
B(B* — KOrt) = [21.433(stat) £ 1.6(syst)] x 1075 s o o T 3 £ g t
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s T 0.05
B(B* — K¥a®) = [11.9*}3(stat) £1.6(syst)] x 106 § :=
Acp (B* — K*+7%) = ~0.09  0.09(stat)  0.03(syst) 000 e P g
5 203
R S e Year
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N(B -+ K'm ) =457, ‘A(B - K ) - [8'5*1 G(Stat) - 1.2(5y5t)] x 10 First reconstruction in Belle Il data! 31

Axomo = —0.4070:9(stat) + 0.04(syst)



Charmless B decays at Belle Il

Sagar Hazra
Determining /g2

® Possible to study all B — 7, p, p
2 ;g:
modes at Belle Il g i
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N =104+ 16
B = [20.6 £ 3.2(stat) + 4.0(syst)] x 107°

N(B® = n°n®) =14%3F  B(B° - n¥x%) = [0.98" ] (stat) £ 0.27(syst)] x 10°° £ = 0.936 5047 (stat) + 0.021(syst)

https://arxiv.org/pdf/2107.02373. pdf
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Improvements to measure «

Jeremv Dalseno
Sub-degree precision in « possible in the near future
Innovation on experimental side important to realising this goal
Amplitude analysis in B — pp
Properly handle interference effects, model I = 1, resolve v ambiguities
J. Dalseno, JHEP 11 (2018) 193 [INSPIRE]
Opens the possibility for precision SU(3) measurement in B? — alifr

Non-factorisable SU(3) can be constrained with amplitude analysis
Consensus on K1 mixing angle motivated
J. Dalsenc, JHEP 10 (2019) 191 [INSPIRE]
Rigorous, coordinated bookkeeping surrounding systematic correlations
Bias in « reduced and uncertainty improved
J. Dalseno, JHEP 10 (2021) 110 [INSPIRE]
Relative branching fraction measurements
Eliminate and reduce dominant branching fractions systematics
LHCb can finally enter the fray in B — pp

b-hadron fraction in T(45) at Belle Il, and f,/fs at LHCb motivated
J. Dalseno, arXiv:2110.08183 [hep-ph] [INSPIRE] 33



Possible NP?

BR®Px103 | BRSMQPFx103
B, - Dir | 3004023 | 4094021 35¢g
B° - DK~ (0.186 + 0.020( 0.303 + 0.015 4,70
B, Di*x~| 20+05 446+022 4.50
B’ - D*K-[0.212 4 0.015] 0327+ 0016 5.30
PDG 2109.10811

Theoretical uncertainty mainly comes from V,;, X FF

We need a charged mediator (for instance W’, not LQ)
The naive NP scale for this puzzle is estimated as

cz””(szp)| ~ 100 = 911X0s3_ 1 _ 011033 (400GeV)?
csM ME 426 1 ME

Our model
We will focus on the SU(2); X SU(2), X U(1), model

See also for other NP analyses, Bordone et al 2103.10332, Cai et al 2103.04138..

The model contains heavy vector-like quarks and
heavy SU(2) gauge multiplet.

(PRD RC 102, 071701, arXiv:2109.10811)

Syuhei Iguro

C2P (Awp) 91179z

Scenario 2: X *+0 =0 |
| 911 XG23 » 933 o W26 M,

0 g g2

1

gu 00 Enhancement by — ~25

9ij = Vep
0 g23 g3,

Flavor constraint

b

Tree level FCNCin Z’ -> AM,: S z
<0. 1
19231/ My < 0.01TeV M |

923 < g11 b

s _— /
e
AN

"/

Collider constraint

Z', W’ decay into 2jets -> dijet constraint!

o0 _Gz5l My = 0.01Tevt
1 2 3 4 5

My (TeV)

Again, width dependence of the
constraint is important!

| If we evade the collider constraint CéVP/CfM ~-0.01is possible ‘
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CPV in baryons at LHCb

3 0
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No significant CPV effects T-odd observable built from triple product
/\0 — DpK ™ axiv2100.02621

correlations of momenta of final state

- e N e

X 300F mm. L LHCh ——Dua ] .

Za " N particles

S 250) e Conbingori

E E g0 e

<200 < 2 ) " cheme A, -u{, ol ® scheme B, ealpid

2150 g £

E z g

Z 100 - :

3 3 z
Bl <
$10075500 5000 5700 5800 5900 5400 3500 5600 5700 5800 5900

M(DpK") [MeV/c?] M(DpK") [MeV/c?]

Suppressed decay seen for the first time DAL

Bin

35




fi in B — VV decays at LHCb

BY — J/W(— ete™)d(— KTK™) (anxivts 14738) Asier Pereiro Castro
S0 S0 LHCh 4
3 3 an
E!![)D EEDD
Eam Em)

—S-wave

f = 0.530 £ 0.029 £ 0.013
BO — D*_D:+(—> Dj’y) JHEP 2106 (2021) 177

Total signal yield ~ 37000 decays Pure transverse Pure longitudinal
Long. polarised yield ~ 20000 decays

— Fu —

T 0 . .
ﬁwm | RapsdSion cnalation LHCH ;mm | RopidSim simlason LHCb
= E 1500{
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é o “‘ | £ 500
8 / &
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fi =0.578 £0.010 £0.011 .
Measurements in B® — p%p°, B® — pPK*®, BY — ¢, B(g0 — KO K(0)

Deviation of 2.6 with PQCD for K (+0) K (+0) 36



® Measurements of the CKM angle ¢3/~ provide a stringent test of CPV in the SM
® Precise measurements at LHCb, Belle; expected precision at Run 3 of LHCb and/or
Belle Il below 1°
® Novel ideas to aid for further improvements
® BESIII input a major player
Charmless B decays - sensitive to UT angles and B mixing phases
® | HCb and Belle measurements for a variety of two- and three-body modes; Belle Il

joining the picture too!
Possible NP in B(s) — D(S)K/T(' (7)
CPV in baryonic decays measured at LHCb and amplitude analysis performed as a
first
Polarisation measurements in B — V'V decays test the agreement with theoretical

calculations
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