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Today

® Recent results by LHCb, Belle and Belle |l

© Measurements of CKM phase y = ¢,

O Update on B —» Krx puzzle

O CP in B decays to charmless resonances and multi-body final states

® Some prospects



Generalities

® The matter-antimatter asymmetry of the universe requires
CP sources not predicted by the Standard Model

e CP manifests due to interference
of quantum processes

Where do we observe CP phenomena?

CP category Hadronic system
Observed K' K* A DY D* D;_I_ Aj B’ B* BS Ag
@ Several observations decay Q Q Q Q Q & @ @
Q Not observed (yet) mixin o ® Q Q Q

decay/mixing interf . (X &

a lot of work Several SM
already done, == consistency checks
and still to do are available! 3



Testing the SM with CP: the UT
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The UT angle y

® Measured in tree-level decays sensitive to
interference between the favoured b —» ¢W

and the suppressed b — uW decay amplitudes

-+ -+ DOK_
e Golden mode: B~ — DK
e Several time-independent modes B~ JpK~
o BT 5 DORO) with D mixture
of D and D" decaying to same f;, D() K-
¢ Time-dependent (mixing/decay interf.)
° B’ = D% AP (B~ > DOKT)
— WOop—Y
© BS — DS_T_Ki Q[favor.(B— — DOK—) = '8¢
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_y using B* — Dh* (D — KJi*h") by Belle + Belle I~

JHEP 02, 063 (2022)

¢ Joint data sample:

o 711 b~ from Belle _6§
o 128 fb~! from Belle I |5§

| 4

* Improvements wrt previous Belle 3@

o KSO selection, bkg. suppression, cl I
Lo b b o by 1

sig. determination, more stat. from 05 1 15 2 25 3
DY - KOK*K- m? (ng) [GeV?/c*

l

N = hg lFi rg2F. + 24 /F.F.(c.x, yi)l

® Model independent: analysis (i ) = 1ig (COS(7 + 85), sin(y + 6y))

performed In Dalitz bins, using , s, DO-D0 strong phase differences
; (inputs from BES 1lI/CLEO)
(2?53\2/}2/21 O)I Dz'c%u.ts tggmozg!z)EO aPDquz QBozgcgolo!al F;: fraction ot D decays 1o i-th bin 6



https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
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= o e e i I | P L o e R I s 1| PO S S TIPS T T =
a 2 A i
z 2| z 2| =" | | ="

o o | %] | K| | K| T o | | K| |

M8 6 4 20 2 46 8202 tg 8 4920 2 4682002 %5640 246 820 2 06

Bin Bin Bin
180r
JHEP 02, 063 (2022) i
Most precise 1601
n L 0 determination
rp - = 0.129 - 0.024 = 0.001 == 0.002, trom B factories 5= 140[-
0ER = (124.8 +£12.9+0.5+1.7)°, (first Belle+Bellle2)
%" 120}
rp"™ = 0.017 £ 0.006 4- 0.001 + 0.001, :
05" = (341.0£17.0+ 1.2 +2.6)°. 100F
. . . - 80~ '
- Improvement wrt previous Belle equivalent to doubling statistics 0 50
- Latest inputs from BESIII highly reduced systematics Y =

D D
O

JHEP 02, 063 (2022)

Belle I
_[L dt =128 fb ™

B* —» Dn*

8 6 4 -2 0 2 4 6 82 0 2

Bin

Belle + Belle Il
IL dt=(711+128) fo '



https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf

e New: combination of results
from beauty and charm sectors

© Correlation between y;, and §,,% in D° — K*z*

© D mixing affects B* — Dn™

® Frequentist approach

© 151 observables, 52 unknowns

o External constraints: see backup

LHCb combination of UT angle y

JHEP 12 (2021) 141
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https://link.springer.com/article/10.1007/JHEP12(2021)141#citeas

vy using B~ — Dh™ (D — h*th*z") by LHCb

e Study 8 final states
Mode (b~ ={n~, K~ })

Analysis type

K ntmph™
7= KT ph™
:K_K+7TO]D}L_
7t a0 ph™

B~ —

B
B
B-

U

® Discovery of

quasi-ADS (fav.)
quasi-ADS (sup.)
quasi-GLW
quasi-GLW

B~ = [z K*n"1,K~ (7.80))

® Simultaneous invariant-mass fit

to 16 sub-samples

451
401

A~
N

=

5000

HCD
xiviot12.10617 LANSS

submitted to JHEP

Dataset: full Run1+Run2 (9 b 1)

L 3544l

= 30|
= 254

[

|

LHCb
9fh!
B~ — [W_K+7TO}DK_

+---------

LHCb
9fh~!
BT — [7T+K_7TO]DK+
-+ Data
Bl BT - [rTKErYpKT
B Combinatoric
BY — [T KEn0p KT (n%)

B — DX low-mass part. reco

5225

5450
m([r~ K 7’| ph™) [MeV /c?]

5675

5000

5225
m([rTK~7%ph™t) [MeV/c?]

Mis-ID low-mass part. reco.

B — DX low-mass part. reco

5450 5675


https://arxiv.org/abs/2112.10617

vy using B~ — Dh™ (D — h*th*z") by LHCb

e Fit performed to 11 CP
observables (ratios R,:f / asym. A;Zh/ﬂo)
with world best precision

® |nterpret In terms
of y, g, Op

® (Global minimum
y = (14513))

® Second solution consistent
with LHCb y combination

— 68% C.L.
............ 95% CL LHCb

99.7% C.L. 9 fh!

100

Results:
6p = (12273)
rg = (9.3550)°

HCD
xiviot12.10617 LANSS

submitted to JHEP

99.7% C.L.
e LHCb 7 comb. /
/

y = (56

100
v [°]

24
7o)
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https://arxiv.org/abs/2112.10617

. - £
BRandCFinB - D zdecays  muwmmms

BO—>50(K+71:'7IO)7:0 EO—>DO(K_7I+TEO)TEO
250 F 240
e Motivations: ; t + o
_ 200
© The measured BR(B" — D'z") o + %128 4
D O
is X 4 theory predictions PhysRevD.82.074007 0 150 8. 4 ;4 ‘ ‘ 3,140 ; } +
S % 120F
© Large CP would be hint of new physics % 100 ETTTETSET —tytt-ty < 100 F1HT TIT°7 Bt
© T f ~ 80
© Control mode for rare charmless B decays o [ S 60 \
e 0p o, oo40e L LA :
T E ......................................... s, ‘ DO e ) ..,,.\.: .......
e Full Belle data sample 5055 526 5.265 5.07 5.275 5.08 5. 2825 5955 506 5.205 5.27 5.275 5.28 5 285
- Mp[GeVie ] | M, [GeV/c ?]
Results:
‘ " . — - =
Fit to M,,., AE, BDT output variable Acp(B® — D7) = (0.42 + 2.05 + 1.22)% - 15 determination
B(B° — D7) = [2.70 £0.06 £0.10 ] x 10~*
e B-flavour tagged by K charge Most precise
© corrections to BF measurements
to date
© negligible for Ap
- - + . 0+
® AnaIyS|s applled aISO to B — D /) All results agree with previous measurements

11


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072007
https://journals-aps-org.ezproxy.unibo.it/prd/pdf/10.1103/PhysRevD.82.074007

D

- - /o>
Time dependent CP in B - K K K by Belle "o hem
e Penguin topology ) e w*< % [Brg subtacis
b S K Q60
e The SM predicts: o %%4( 3 o 2
S = —sin(2f)and A = 0 s 7
d T
e Full Belle dataset
O Selection with NN
o \eto for charmed resonances
At (ps)
e Fit strategy: > - 5 5 g
1) f|t _to Mbc, AE, NN OUtpUt Varlable, tO get Slg and bkg y|e|dS "g 1 __Bkgsubtracted .................. .......................................... ................ ........
2) fit to At for time dependent CP parameters 2
Results: ]
—0.71 = 0.23(813&13) T 0.05(SySt), better than W.A -
0.12 4+ 0.16(stat) £ 0.05(syst).

2.50 evidence of CP
All results agree with previous measurements

and SM prediction



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032003

The long-standing B — Kr puzzle:

® |sospin relations —}ACP(B+ — K*7%) — A p(BY = Kt77) =0
® [he experimental state of the art Is:
Arp(BT = K2 —Ap(BY - Kt )= (115214 % "7

at ¥o

Recently measured by LHCb Recently measured by LHCb
[PRL126(2021)9, 091802] [JHEP 2021, 75 (2021)]

® |s it due to strong phases and amplitudes
or is new physics emerging from the loops?

® Full B — K puzzle sum rule [pLse27(2005)82:

0 0 0y .0 0 0,0y .0
BBt - K'n%) ¢ 2B(Bt - K™z") 7 FA (B — K70 2B(B” - K°7") 7

B(BY - K+z-) ¢t B(BY - Ktn—) tt T B(BY - Ktn~) ¢t

INPUT WITH
HIGHER UNCERTAINTY!

Acp(BY - KTn7) + Ap(BT — K'n) = A-p(BT — K*n¥)

13


https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://link.springer.com/article/10.1007/JHEP03(2021)075

CPin B - K r" decays by Belle II

Perform a 4D fit to AE, M, ., At, and continuum-
suppression output

BY - J/ l//(,u+,u_)Kg used as a control sample.
Measured lifetime and ACP consistent with know values talk by
-—p Chunhui Chen

Wrong-tag fraction measured from mixing measurements | |
this morning

using BY — D™h decays

Limited sample size: constrain S-p using previous
measurements to maximise precision in A p

Results:

BB’ » K{x”) = (11.0 £ 1.2 (stat.) £ 1.0 (syst.)) X 107°

World average: ACP(BO — Kgno) = 0.00x=£0.13

- Results establish Belle |l capabillities.
- Expect to obtain 0.03 precision on the isospin sum-rule with 50/ab

Events/ (0.015)

Events/(0.5)

D

Firstly showed at @

Moriond EW 2022,

preliminary

40 —

- Belle Il (preliminary)
35:_ e Data .

- —Total F|t JLdt = 189.8 fb
30 ---- B’ - K m°

- — BB
>E Continuum ¢

L 1 O 1 L 1 1~0..1.l L.

_ E*x
- =B beam GeV]
35F-
- e Data Belle Il (preliminary)
30 — Total Fit §
R B® KO 70 l JLdt =189.8 b
255— —BB Q
20 Continuum
155 \
10 +
O— ¥ Y it | ,z_._J_._.__t_L. Phlidag,
=10 6 4 2 4 6 8 10
At [ps] 14


https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf
https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf

| - o LHCb-PAPER-2021-049 %
Direct CPiin B~ — h™h™h” by LHCb =525=

® Prequels:

o Evidence of global direct CPV and high localised CP asymmetries
across the Dalitz plot in charmless 3-body B decay [prboo@o14)112004]

. . + -+ — :
© Amplitude analysis of B~ — = 7~ large CP related to S- and P-wave interference
[PRL124(2020)031801, PRD101(2020)012006]

. . -+ -+ — .
O Amplitude analysis of B~ — 7~ K"K ™: CP connected to i <> KK rescattering prL123 2019) 231802
[Prog. Part. Nucl. Phys. 114 (2020) 103808]

e Analysis using Run2 data (5.9 fb™!)
B* - ntatn BT - K*ntn™

O Measurement of CP in the decay for
B* - K"K~ BT - K*KtK~

O phase-space integrated
O depending on the regions of the phase space

© Measurement of CP asymmetry in B — PV decays

15


https://pdf.sciencedirectassets.com/271568/1-s2.0-S0146641020X00044/1-s2.0-S0146641020300557/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220524T145629Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYQL6S5OHF/20220524/us-east-1/s3/aws4_request&X-Amz-Signature=81627e365b0463faa444f38f10d77fccf4ce39e3f3f156990e88d73bb7dd47d1&hash=eceef23fb0ca6e2220266e866030dfc3110414c79746226e00ca9b0b5dfcabc9&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0146641020300557&tid=spdf-cd43c178-8e28-4291-9d4b-d758f85c6356&sid=49e237a040cd204e72198b95d56529624d1fgxrqb&type=client&ua=575153530b57025b58&rr=7106e0d97a22a32b

HCD

Global CPin BT — hhth™

10’

~ 12pl ——— ——— — ——
% 102_ LHCb 1 - data % 50;— LHCb ] . dat?ll
. g 59 fo —gliocfln*nm‘ ' ; 405‘ 5-'9 -fb_l T _;O_e).Kim.”_ ‘
‘ SImUItaneous S/ 8:_ Preliminary __ ----combinatorial_ﬁ ? 3 Prellmlnary ""2021321_1&(?;&1 ]
5 of | B—abody | 5V} 1 B
. . . + . ._g ?mm m._ U B — Kt %‘ 20 ;:”ﬂ-'._ _:-'_""‘“*._ B — n(p%)K* _
invariant mass fitto B¥/B~ : L
2F ] 1 v , [ . W 1 S “ ]
. oo il S | | b et I____I_“T% — ;w; 0;"'. """ STRTIT) O, o SOUSUUUIOINI Seksuluter. Lopoot i i
{0 extract raw asymmetries ———s— % —= 2 e a6 TS24 so
10" m(n ) [GeV/e?] m(rttn) [GeV/e?] 10’
-~ M~ " :; -
S I 8 _poxxe | 9 35F | o' ¥ |
N reliminar —4-body { I o5F T reliminary ¥ | ]
® Raw asymmetries y & IR
= — = K'n'n = — a-
2 s B~ KKK | B
corrected for A S U S | S
0.5;- S F T e -
E el L . (o e Skl : ¥ -
O d .t .t ﬁ' . ﬁ .t 0 5.2 54 5.6 5.2 5|.4 5|.6 0 5.2 54 5.6 5.2 54 5.6
e eC Or e IClency e eC S m(mw K"K ) [GeV/c?] m(mK K*) [GeV/c?] m(K K*K ) [GeV/c?] m(K*K*K ) [GeV/c?]
Results:
o0 production asymmetries X L (2.40)
ACP(B — KKK : 1% obs. (8.50)
ACP(Bi Ny o : 15t obs. (140)
meas. (LHCb data) ext. (PDG) ACP(Bi N ﬂ_iKJrK— 15t obs. (140)
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CP asymmetry: phase space

e Measurement of A in bins of the phase space, using an adaptive
binning and taking into account acceptance correction
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Rich pattern
of high localised
asymmetries!
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HCD
_CP asymmetry: phase space  "wEs

e Significant CP in the 7w < KK rescattering region — n” € [1.2.25] GeV?/c*
seen in all four channels

BT — K—ﬂ JZ'

LS00 T T T T T =
T 1600E LHCb —B‘ (a) H
S o E I 59! _B* -
O 1400 |~ -
g 1200 f_ """""" Preliminary
21000 —
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E 600E -
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400F =
200 B —
O 1 | | | | 1 | | | | | | | 1 | | | | 1 | :
5 10 15 20 25
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- B --- combinatorial ] S 7L — B = K*n'n
S g,,% 4‘b}‘{q3;(_ | < 2: --- combinatorial
— B — B* > 1 — [ 1
§ Bi — Tt § E B — 4-b0dy
R — B —-KK'K | S 15 B* — wntn
S 1 = i
g g 1}
@) @) I
0.5k ; .
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e
LHCb-PAPER-2021-050

CPinB —» PV

Preliminary
e Few measurements B — PV decays in the literature and huge theoretical interest
® | arge phase space available: different interfering resonant intermediate amplitudes
' L B — R(— hy h)hi
e Simplified method to extract A p nEiadUt T
. . My|? =pg +p) cosO(si,m3) +py cos?O(si,m?) ,v _ by =Dy
o Valid for low-mass resonant amplitudes where s, =m2(hTh?) and 6 = helicity angle CP = o ot
[PRD94(2016)054028]
91200—_'|"'|"'|"'|'+"|"'|'O"|"'|"'-
= i [.HCb B* — p(770) K* g+
> i 2 _ 2 ] Decay channel A T o T o
2 1000 50 fb-l x?/ndf=0.8  x*/ndf=0.6 A CP stat Syst
2 \ Preliminary — p}=1557 =45 p =2319 = 56 - B* —(p(770)° — ntn~)n™ —0.004 & 0.017 £ 0.009
- 200\ pr=-237+7 p =-337=+8 ] First observation!
- p:=97+03 p =13.0=x0.3 i 0.80
s [ X 2 2 Vo —
S 600 . , - BE (K *(892)° - KErF)nE  —0.015 + 0.021 + 0.012
S AN A ), _
- - - _
S E N / — _
O A0 TR . V4 1 B 5(K'*(892)° —» K*aF)K*  +0.007 & 0.054 % 0.032
200 DA L - BT —(4(1020) - KTK)K* +0.004 + 0.010 + 0.007
: ] | ] ] ] | ] ] ] | ] ] ] | ] -I I| ] ] ] | ] ] ] | ] ] ] | ] ] ] :
6 8 10 12 14 16 18 20 22 19

m2(K*™) [GeV?/ ¢4
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Firstly showed at QP

.t + _
CPin B* — p*p" decays by Belle I ottt 522

e Motivation: CKM angle o measurable through
combination of:

BO—>ppOBO—>pp B+—>pp

|
EN 7t+7zo

e To do that, measure direct CP in decays

where p™ and pO are longitudinally polarised,
need:

© Longitudinal polarisation fraction (f;)

+ .
— measure 7~ helicity angles I
. + + 0 _ — 0 CP due to interference
© Asymmetry inrate BT — pTp vs. BT — pTp between tree and penguin

20


https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf
https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf

D

Firstly showed at @

LPinB” — p"p decaysbyBellell .-+

Belle Il (preliminary)

> ,
® Large bkg from: e 6 — UU, dd, CcC,SS % 358 _ } det=189.25fb"
: — 180
o Reduced with MVA 5 160 _\W'F
® 6D templates fit taking considering correlations in | talk by 8 oo +
- | =
o Templates from MC, calibrated using control channels —¥ Chunhui Chen 3 100
this morning g & *
: + 0+ O eof —
¢ Instrumental asymmetry measured with D™ — K:'z™ | ol E -
°© A det = (04 +£0.5 % 20 | *;.;“‘v T i g
-0.15 0.1 -0.05 0 0.05 0.1 0.15
—_ *
AE = EB beam [GeV]
Result compatible with previous measurements:
- Belle Il (preliminary)
C 600 F
- ; det 189.25 fb’
Q. ! -»- Data
500 |
B(B* — p*p®) = (23.277° (stat.) £ 2.7 (syst.)) X 107° & — Signal long
g o -
fr, = 0.943100 (stat.) £ 0.027 (syst.) 5 50 = g8
World average: A -p(B* = p*p") = — 0.05 £ 0.05 200 . é”ff

Contmuum

3 08 06 04 D2 002 0a 08

- Belle |l performance superior to Belle. 21
- Systematic uncertainties mainly data-driven, expect to be reduced with more data. cos 6 pt


https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf
https://moriond.in2p3.fr/2022/EW/slides/5/1/7_THumair-v1.pdf

- K bl
LPsearchin B” — ppK'n” decays o

e Promising process to observe for the first time CP in B decays to
final states with half-spin particles urnys.. ¢ 2020 sos65

e Search for P and CP violation using triple-product asymmetries

O 7T-odd observables: Cr = prt - (Do X Py)  Cp =i+ (P X D)
. _ N(C;>0)-N(C;<0) -  N(=C;>0)—N((-C; <0)
© Asymmetrles. AT_N(CT>O)+N(OT<O)’ AT_N(—_A>O)+N(—_A<O)

© P and CP observables: |ap°' = (A +Az)  agp™ = S(Az = Az),

p, Sensitive to interference of P-even and P-odd amplitudes
and have different sensitivity to strong phases

» NOt sensitive to reconstruction efficiency and
b-hadron production asymmetries

22


https://arxiv.org/abs/2205.08973

LPsearchinB” — ppK'n” decays oo

® \easurements:

O Integrated over the
full phase space

O bins of the phase space
enhance sensitivity

CP conservation at lo
P violation at 6¢

® |mprovements are
expected for Run3

o Higher Luminosity
and trigger eff.
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Scheme B: some region edges in the m(Kx) variable corresponds to 23
the resonance mass pole where the strong phase changes its sign
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Some Prospects
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The plan LHCC-2021-012

L ~4x10*cm3s! L ~6.5%x 10 cm™ %7}
N 36 A—20—1
L ~2x%x10°cm 27! Z ~ 1Xx10°" cm™s

Start data taking 50 ab~! 250 ab™!

‘o L }

<

Belle 11

2015

2020 2025 2030 2035 2040

LS3 Run5 LS5 Run6

LHCb : Upgrade 1b Upgrade2

A
9 fb~! 23 b~ ! 50 fb~! 300 b~

Z ~4%x10°%cm™%s7! Z ~2%x10%cm™%s7! ¥ ~15%x10*cm™%s~!
~ 1 1nteraction/Xing ~ 5 1nteraction/Xing ~ 50 1nteraction/Xing
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https://arxiv.org/pdf/2203.11349.pdf
https://cds.cern.ch/record/2776420

Future potential for the UT
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http://cds.cern.ch/record/2636441
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https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf




y using B* — Dh*t (D — K’h*h™) by Belle + Belle Il

JHEP 02, 063 (2022)

Source 0. DK O, DK 0. DK O, DK 0. Dr O, Dn
Ty Y+ T - Te I

Input ¢;, s; 0.22 0.55 0.23 0.67 0.73 0.82
PDF parametrisation 0.07 0.08 0.12 0.16 0.12 0.12
PID < 0.0l <001 <0.01 001 <001 <o0.01
Peaking background 0.03 0.05 0.03 0.04 0.02 0.10
Fit bias 0.16 0.06 0.12 0.16 0.49 0.10
Bin migration < 0.0l <001 <0.01 <001 <0.01 0.03
Total 0.18 0.11 0.17  0.23 0.51 0.19
Statistical 3.15 4.20 3.27  4.20 4.75 5.44

Table 3. Systematic uncertainty summary. All values are quoted in units of 1072.
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https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf

LHCb combination of UT angle y

JHEP 12 (2021) 141

B decay D decay Dataset Status since
last combination

B* — Dh* D — hth™ Run 1&2 Updated
B* — Dh* D— hto ntn— Run 1 As before
B* — Dh* D — hTh=—nY Run 1 As before
B* — Dh* D — KSh'th™ Run 1&2 Updated
B* — Dh* D — KJK*=n¥ Run 1&2 Updated
BT — D*h* D — hth™ Run 1&2 Updated
B* - DK** D — hTh~ Run 1&2(*) As before
B* - DK** D— htr ntn~ Run 1&2(*) As before
B* — Dh*ntn~ D — hTh™ Run 1 As before
BY s DK D= hth™ Run 1&2(*) Updated
BY - DK*0 D— htn nta™ Run 1&2(*) New
BY — DK*Y D — Kdrtm™ Run 1 As before
BY - DFn* DT - K ntrnt Run 1 As before
BY - DFK* Df — hth™nt Run 1 As before
BY — DFK*ntn~ Df - hth 7™ Run 1&2 New

DY — hth~ Run 1&2 New

DY — hth~ Run 1 New

DY — hth- Run 1&2 New

DY — K7~ (Single Tag) Run 1 New

DY — K+7~ (Double Tag) Run 1&2(*) New

DY —» K*nFntn~ Run 1 New

DY — Kintm™ Run 1 New

DY — Kintm™ Run 1 New

DY — Kintm™ Run 2 New
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https://cds.cern.ch/record/2319289
https://link.springer.com/article/10.1007/JHEP12(2021)141#citeas

~v combination: auxiliary inputs JHEP 12 (2021) 141

@ External inputs to the combination

Decay Parameters Source

B* — DK** DI LHCb

B° - DK* kDK™ LHCb

B® — D¥p# B HFLAV

BY — DFK*(nm) ¢, HFLAV

D — hth— 7" F* o, F CLEO-c
D—ntr—ntn=  F," CLEO-c

D — Ktr—7° pKrm §Emm° gKmm® CLEO-c+LHCb+BESIII
D — K*nFpta—  pB3m §E3m B CLEO-c+LHCb+BESIII
D — KQK*n¥  phskm gKsKr  KSKT o0

D — KOK*rn+ kT LHCb

Roberta Cardinale on behalf of the LHCb Collaboration Moriond EW 2022
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https://link.springer.com/article/10.1007/JHEP12(2021)141#citeas

_yusing B — Dh™ (D — h"h*z") by LHCb ..

BT — (BT — [rTKEr0pnT)

T (BT —» [KTn*alprT)

K T(B- — [hhnOpK~) + (Bt — [hhnOpK+)
s ['(B~ — [hhr®]pn~) — (Bt — [hhn’]prt)

d - TI'(B~ = [hhaYpr) + (Bt — [hha%prt)
REKT = RIKT I RIGT R = Rig7 R

pinee _ DB~ = [Wh’lpK ™) + T(B* — [hha°|p K ™)
Bm = D(B~ = [hha®)pr—) + D(B+ — [hha¥]prt)

I'B~ — [K 7t |]pK~) =T (BT — [KTn a’|pK™)

AKWTFO — .
K ['(B- — [K-7m+npK~) + [(Bt — [Ktn- w0 pK+)
2 - I(B™ = [m K*n’|ph™) + (B~ — [~ K*n°|ph™)
A T DB — [K-nt70ph~) + T(B~ — [K-m+ 7% ph~)
I'(B™ =[x~ K7’ |ph™) = T'(B~ — [x~ Kt7'|ph™)
AADS(h) =

"B~ — [~ K*tnYph™)+T(B- — [x~ K+79%ph~)

The results for the observables, as determined by the fit, are

REE™ — 1021 £+ 0079 + 0.005
R = 0.902 4+ 0.041 + 0.004
AT — 0024 + 0013 £ 0.002
AKKT  — 0067 £+ 0.073 £ 0.003
AT = 0109 £+ 0.043 £ 0.003
AKKT®  — _0.001 £+ 0.019 £ 0.002
AT = 0.001 + 0.010 £ 0.002
R;_( = 0.0179 + 0.0024 + 0.0003
RI_{ — 0.0085 + 0.0020 + 0.0004
Rf = 000188 =+ 0.00027 =+ 0.00005
R- = 0.00227 + 0.00028 =+ 0.00004,

where the first uncertainties are statistical and the second are systematic. The four Rf
observables can be used to calculate

Rapsixy = 00127 £ 0.0016 =+ 0.0002
Aspsixy = —038 £ 012 £ 0.02

Rapssy =  0.00207 =+ 0.00020 =+ 0.00003
Aspsy = 0069 £ 0094 £+ 0.016,

The results for the ADS observables are more precise than those obtained by previous
experiments and are compatible with them.
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https://arxiv.org/abs/2112.10617

Belle |l and SuEerKEKB

SuperKEKB collider achieves Belle Belle || -
higher instant luminosity using so-called
nano beam scheme. -
» Goal: L =6 x10%® cm~2s1
(30x Belle) N 5 mm g

» Achieved: 3.8 x 10%* cm 251
World record!

Belle 1I: all sub-detectors underwent a major —
upgrade from Belle, improving performance

in spite of higher beam background, e.g.:
= Enhanced K /7 separation

= Improved vertex resolution
(more later...)

3 Moriond EW 2022

Thibaud Hur 32



The SKB/Belle II program

 Phase 1(2016): no detector, no collision, test the rings

 Phase 2 (2018): first collisions with complete
accelerator

« Incomplete detector: Vertex detector replaced by
dedicated background detector (Beast 2)

 Phase 3 (2019-): luminosity run with complete detector
« Pixel Detector (PXD): layer 1 + only & ladders in layer 2

« Full 4-layers strip detector (SVD) L] - Recomian Weakty T 2021.....-267fb-"
i = 250
* First pllysics paper &ppeared in J&nuary 2020 % ,_f‘ ..... awdl =25780[00°1 ].... ;-
+ New and difficult accelerator. Additional operational % ol E— S - 200 ;
complexity during the pandemic. ] E— N | I— - .-
* Record peak luminosit-‘y 3.81 % 1034cm-28-1. é "% [URURURTRURRRRRT SN SRS | | NSRS 10 :S’
= ,0..2019 @y A~ IM N £
« Path to reach 2 x 103°c¢m=s! identified. - Sc‘é
- 2
« Still la.rggsfa.ctors to reach the target peak luminosity of A — ||
0.5 x 10°?cm=s. e
- 8 amm R RNE R RS TR
o Feb 23, 2022 F.Forti - Belle Il Upgrades 8 %%&Qm ‘é’%’zﬁ:ﬁn&@;}%@ ﬁ"&&ﬁ J

33



Short term luminosity projections

« Base scenario: conservative

extrapolation of SKB parameters from Int. Lumi (Delivered)

2021 5000
« Target scenario: extrapolation including N int. Lumi [Delivered]

possible improvement during LLS1 4000 “0zlc 2022ab | 5]
« L.S1 starts in summer 2022 for 15 i

months to replace VXD. There will be 3000 /,4

other maintenance/improvement work
on machine and detector.

LS2?

2000

Dal (N0 B0 Kb RO I L) o B i’

« We resume machine operation from fall
2023.

 An International Taskforce (aiming to

conclude in summer 202R%) is discussing
additional improvements. 0

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

1000

“ D
a Feb 23, 2022 F.Forti - Belle Il Upgrades DO




The LHCb experiment

e | HCDb is a forward spectrometer, operating at LHC

O High geometrical efficiency in collecting bb and c¢¢ quark pairs
O Excellent time resolution, momentum resolution, PID performances

LHCDb Detector Elect "
Weight: 5,600 tonnes ec fomagne IC
Height: 70m Calorimeter |
ength: 20 m

RICH1

SUISSE £ =it s | \ . \ -
FRANCE T % CERN "" T ' = ertex
\,""’—'-.'_ - Prevessm—lQ e ALICE‘ Locator

o~ — \
\ O ,‘_Q’;t" 2
> . N
N
Ll
- > e .
-y
-

> -Cv

Interactlon l
Region

= s e, Tracking
Station

Dipole

Magnet Tracking

Stations

[JINST 3 S08005]
[Int. J. Mod. Phys. A 30 (2015)1530022]

=13 TeV)

Muon

Hadronic ~ Stations
Calorimeter

~10 m
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Expected luminosity collection by LHCb

Upgrade | Upgrade li
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un un
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i a g 4 4
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o
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> : Including Belle 11
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Prospects on on UT angle y by LHCb

LHCDb upgrade 11 physics case

— 100: 10
ii f LHCbH : X LHCD
'S | NS B* - DK* GGSZ
E/ - v ADS/GLW only y
10 . y X " +
| s 1- ><
x  B* = DK* : Y x
1 ' B:t RN D*K:t
v BT — DK** % x  With VN improvement
+ BV DK* +  With current CLEO ¢;, s;
- - - - 0.1 - - - -
3, 23 o0 300 3! 23 o0 300
Integrated Luminosity [fb~!] Integrated Luminosity [fb™]

A

|

Figure 4.1: Extrapolation of ~ sensitivity from the ADS/GLW analyses where disfavoured
ambiguities are ignored. The expected Belle II v precision at an integrated luminosity of 50
ab~! is shown by the horizontal grey lines.

Figure 4.3: Expected evolution of v sensitivity with the GGSZ method with (red crosses) current
CLEO inputs and with (blue x-marks) v N improvements on their uncertainty.



CP asymmetry in semileptonic B decays

Table 5.1: Current theoretical and experimental determinations of the semileptonic asymmetries

d S
ag and az;.

Sample (L) 6a% (1074 §a%[10™7]
Run 1 (3 fb™') [210,211] 33 36
Run 1-3 (23 b~ 1) 10 8
Run 1-3 (50 fb™1) 7 5
Run 1-5 (300 fb~1) 3 2
Current theory [34,200] 0.03 0.6
30 1 T T
751 68% C.L. contours
201 /,f’/—"\\‘\\Upgrade I (300/fb)]
15+ P |
0
st | Standard Model _
-
= Of i
§ 5 LHCb Run 1 (3/fb
-10} IR
-15F BaBar+Belle Run 1-3 (23/fb)

20
-25 \ PO A
30

T80 -70 -60 -50 -40 -30 -20 -10 O 10 20
ad [10]

Figure 5.2: Current and future landscape for the semileptonic asymmetries. The grey vertical
band indicates the current B-Factory average for agl 125]. The blue ellipse represents the current
LHCb Run 1 measurements [210,211]. The red ellipse, which is arbitrarily centred, delineates
the Upgrade II projected precision. The black ellipse shows the SM prediction, the uncertainty
of which is barely visible with these axes.
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