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New Physics

101° GeV 103 GeV 1GeV 1 MeV
1038g 10-10g 103 s 3 mins Today
Inflation EW Era Particle Era Nucleosynthesis Era

* SM is successful, however, we know there are new physics

e Matter dominated universe

*  SM model gives 10-17, not enough

* Need extra sources of CP violation
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CP violation in SM

* Complex phases in CKM matrix and PMNS matrix

* CKM matrix: unitary matrix connecting interaction and mass eigenstates

Unitary condition, only requirement in SM
CKM PMNS

d! Vud Vus Vb d 87 & R
S L ‘/cd ‘/cs VLb S |
b! Via Vis Vin/ \b

c
H
o2
]
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|

Vu

Vi

n

Interaction eigenstates Mass eigenstates

* Matrix pattern very different B 1 1 tin
V3, V3 V3©
* Jarlskog invariant: _%em/ﬁ % e—i7/6 %
\_}__e—’iﬂ’/ﬁ _71__61371'/6 71__
-5 3 3 3
Jexp~ 3x10 Jmax = 1/6V3~0.1

matrix with maximum CPV
* Related to mass hierarchy? Forth generation?
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CP violation in SM

Complex phases in CKM matrix and PMNS matrix

CKM matrix: unitary matrix connecting interaction and mass eigenstates

Uni
PMNS
dI Vi V2 V3
sj Mysterious and suspicious [+ |/ H -
/| The more we know, the more [*= B [
Interaction eigg¢ we donﬂt knOW v B
* Matri 1 1 din
/3 V3¢
« Jarlskvgmrvarrans \_/‘EB_'_EB_W/ 6 %
K%e—i‘n’/ﬁ _%eiﬂ'/G %
]exp"’ 3x10 Jmax = 1/6\/§~O.1

matrix with maximum CPV

Related to mass hierarchy? Forth generation?
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Unitary test

* Closure test of unitary triangle etc Z ViiVij =1 Z ViiVie =0
i i
 All measurements consistent with each other? Yes

* Is current precision enough? No 107°
VudVLtd + VuSVu*s + Vup Vztb -1

1.5 —

1T | T T T 1T T T TXIg I

F o | \ B
| excluded area has CL > 0.95 \ %

. \%

5.

= —0.00230+3:99218 (1)
—0.00230%9:99237 (24)
—0.00230+9:00242 (34)

Direct measurements:

a+B+y=(1791))°

g ?:l;?;?;s{f&é’a 1 Global fits:
g Ao b e b o b b ARG ]
1.0 -0.5 0.0 0.5 1.0 1.5 2.0 a + ﬁ + Yy = (179 9+%3 o
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Energy scale

» Sensitive to New Physics scale much higher than direct search: 1-104 TeV

CSM |, CNP NP scale: A
Al = 0; + X)|=Ag | =5 H —5
v A

Flavor (quark) Energy scale for SM: v ~100 GeV
LHC |
Tevatron [ log(Energy)

l | I | | | GeV .

2 3 4 5 6 7

* Statistics or precision is key for flavor program: New Physics scale, i.e., Dim =

6, proportional to Vstatistics or 1 /\/ Uncertainty
* Also “tasteful”, not only can tell there is New Physics, but also tell properties of
New Physics based on flavor it couples to

 LHCD plays a key role in flavor and CP programs
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LHCDb

- Reduce PMT gain
New optics, new + New electronics New

photon detectors electronics

bb correlated
Lorentz boost

Side View EC HCAL M 5
. M3
trigger-less M2
readout system
> s '
1 “gp 109
0
New silicon [/~ /o]
pixel detector /R
v - v : N Y . LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2023
— X1 - 2023 (6.8 TeV): 0.37 /fb
New silicon | | New scintillating Remove S pof] + mmestanenm , 4
strip detector fiber detector SPD/PS& M1 | = [| -+ weesrowism oo /7
Bl o i {
& 0.008 —| N 2011 (3.5 TeV): 1.11 /b
é C 2010 (3.5 TeV): 0.04 /i I
* A new forward spectrometer =P G Il
Q _
S LS1 / 1 S2
- L (&
* Around 9 fb! for physics Booo4p Y
3 /
o . ©0. :
* Data in 2022 and 2023 for understanding new  g™p /
o o E 0__ j
detector (callbratlon etc.) 2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022Y?_062;r
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A glance of LHCDb contribution

_ . . SN (P )
(4
u n«‘é__\g Ktéf Bl:éf
= = — Blé
I A 3
¢ Dcé;r’ D!Zél”( Biﬁg L Kﬁ
JAD
_ _ w
\t B~ B’ | B,B—d B, t‘\-(\b/ (0.0) (0,1)

=
B!Zég

* a:B - nm,B - pm, B - pp, isospin

From S. Descotes-Genon

|Vesl, |Veal: (semi-)leptonic charm decays analyses

(can be done and should be done, but * B:B - (cc)K,B — Dh°, time-dependent

CP violation

. y:B > DK, ADS/GLW/GGSZ

none has done anything yet)
* |Vl [Vcpl: (semi-)leptonic B decays
* |Vial [Vis|: Amg, Amy e ¢,:B? - (cc)(KK, ), time-dependent
CP violation

e —2B,+v:B; > DK
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Measurements Of Am q Nature Physics 18 (2022) 1-5

 Measured using BY » Dgm*,

B? - D®uvx

Amg = 0.5065(19)ps 1
Amg = 17.7656(57)ps !

Precision of 0.38% and 0.03%!!!

t [ps]

GE | . 2 _ my
Amg = W'thvtbl MI%/SO(xt)BCIfBZqMBanr Xt= M—I%V

19131]3

SO(x)_xLL 41—x 2(1-x)? 21—x] Inx

* Uncertainties mainly from Bag parameters (3%) obtained from lattice

* Large reduction of uncertainties by making ratios of the two

10
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Contribution of Amq to CKM fit

1-5IIII

| I N = F | 11 |
™ | excluded are!a has CL > 0.95 \l ! %‘l | | ]
| . %& |
) ) \\9 1
10~ % L& AM,
~ i
N B
0.5 — -
_ Amd\ o
= 0.0 :—(X ----------------------------- l—_—
B \ 3
| \ u
0.5 X g
i \& 'y
-1.0 - Y \ \ € o
B % i soI \A( 0s2B<0

- Spring 21 5 (excl. §§> 0. 95)
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Types of CP violation

* Direct CP violation
- = P
|A¢| = I< fIHIP >| # |AF| = | < fIH|P > | —-<

* Neutral meson mixing

O+ @ 0 o

A Y

O ww—@ O-

w

Amq=mH—mL,AI'q=FL—I'H
* CP violation in mixing

-
p

* CP violation in mixing and decay

arg(As) +arg(Af) #0, with Af =

2023/08/26 12




CKM angle y

* Measured through b - ¢ and b — u interference e [_ VudVJb]

A — alei(51+¢1) + azei(52+¢2) A — alei(51—¢1) + a2ei(62—¢2)

Acp = H o sin(d1 — d2) sin(¢1 — ¢2)
* Tree level processes > SM candle, NP normally enters loop diagrams

* Loop level processes suppressed, theoretically clean, 8y/y ~ 107
JHEP 1401 (2014) 051

* All QCD parameters (hard to calculate) obtained from experimental

measurements (global fit)
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Probe y in different methods

/ DYK rpei®

Oand D° decay to same final

f DK B |
\ / states to interference
rBe 55=7) DO =
GLW: D = CP eigenstates, e.g. KK, nn PLB 253 (1991) 483
PLB 265 (1991) 172
ADS: D = quasi-flavour-specific states e.g. Kn PRL 78 (1997) 3257
GGSZ: D = self-conjugate multi(3)-body states e.g. Ksnn PRD 68 (2003) 054018

GLS: ADS variant with singly Cabbibo-suppressed decay D—KKn ~ PRD 67 (2003) 071301
time-dependent Bs—DsK, B—Dm etc Nucl. phys. B 672 (2003) 459

Dalitz (GW) method: B>—>DKn PRD 79 (2009) 051301

Sensitivities of Yy from many channels, important to measure as many as possible
2023/08/26 14




Global combination

LHCb-CONF-2022-003

B decay D decay Ref.
BE 5 Di* D hth- 29]
B* — Dh* D — htrntr 30]
B* — Dh* D — K*nFrtn=  [1§]
B* — Dh* D — hth=n° 19]
B* — Dh* D — K3h+h~ 31]
B* — Dh* D — K3K*n¥F 32]
B* - D*h* D — hth- 29]
B* — DK** D — h*th™ 33]
B* — DK** D — htnntr (33
B* — Dh*rtr- D — hth~ 34]
B — DK*° D — h*th~ 35
B° — DK*® D — htrnwtn 35]
B® = DK™ D — Kdntr 36]
B — D¥rn* Dt - K—ntrt 37]
B® - DFK* Df - hth~nt  [38]
BY - D¥K*rtm™ D} — hth 7t 39]

Decay Parameters Source

B* - DK** kDK™ LHCb

B® — DK* 2 LHCb

B® — D¥g* B HFLAV

BY - DFK*(nm) ¢, HFLAV

D— Ktr~ cos 05", sin6&™, (rE™)2, 22, y CLEO-c

D— Ktr~ Agr, AT rE7 cos K™ rK7gin §K™  BESIII

D — hth=n° B 5, e CLEO-c

D= atn—ntn= Ff CLEO-c+BESIII

D — K+r=7° pKan® | §Kwrl  oKrnd CLEO-c+LHCb+BESIII

D — K*r¥ptp—  rK3r §K3«

K3r
D

CLEO-c+LHCb+BESIII

Measurements from b-decays

Now can also constrain D parameters

2023/08/26

D - KQK*n¥®  pisKm gKsKn | Kokn CLEO
07+ KJKm
D — KJK*r¥ ¥ LHCb
Charm (and b) inputs
D decay Observable(s) Ref.
DY — hth- AAcp 24,40,41]
DO s KK~ Acp(KYK™) 16,24, 25]
D° — hth~ yor —Yep ™ 42]
DO — hth~ Yor — Y&p " 15]
DO — hth- AY 43-46]
D° — K*r~ (Single Tag) R*, (z/%)?, ¢+ 47]
D° — K+n~ (Double Tag) R*, (z/*)?, y'* 48]
D° - K*nFata~ (= +4%)/4 49]
D° — Kdrtr~ T,y 50]
D® — Kintn~ zcp, Yer, Az, Ay [51]
D° - Kntm™ zcp, Yor, Az, Ay [52]
D° - K{ntn~ (u~ tag) Tep, Yor, Az, Ay [17]
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Global combination results

1 —
? LHCh
— Ocmgre‘:l;oa%—_
02F
0
50 60 70 80 90 .
y [’]
— +3.5v0
y = (63.853)
4540.16| ] — T
A - B'-DW,D'—Kghh
L MR B'—D°K', D*~hha'lh3x %I'h}ngas i
0.14— 2008 B'—D°n*, D"—h'h'" October 2022
B - All B*=D"h* modes ]
0.12 :_ Beauty and Charm _:
0.1f d
0.08} .
006k . | | . . . i
30
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—
[e]
e

* Compatible with indirect determination
Yy = (655t%%)0 CKMfitter

« Dominant by B* decays

* Different decays contribute differently,
global combination gives best sensitivity

5 160 T T T T T )
P .. LHCb 1
E ﬁh140 N I Oi:?obeﬂgg__
« » 4
120~ ]
100~ -
[ B*->DW,D'—K’hh ]
80 [~ MR B'-D'', D'—hhr'/h3x -
L I8 B*—D°h*, D°—h*h'" a
60—  WBBR Al B'—>D'H modes E
B - Beauty and Charm =
[l . | . | . | . | . | ] ]

30 40 50 60 70 80
O
y [7]
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CKM angle y : results LHCH-PAPER 2023012

* Binned method (BPGGSZ) for B* - D*K*,D* - Dn®, Dy, D — K°h*h~

e Uncertainties from BaBar and Belle around 26°

* First measurements from LHCDb, using fully reconstructed method

[Phys.Rev.D78:034023,2008]
T T |

New charm input from
BES-1II (4 * CLEO-c stat)
[PRD101, 112002(2020)]

0.5F BES-III
CLEO
Model

0.5 10 15 2.0 2.5 3.0

m?(K3m~) [GeV?/c?]

m?(K37") [GeV2/cY]

vy=69+14°

Results consistent with previous measurements, but more precise

2023/08/26 17




PRL 112 (2014) 011081

CPYV in three-body charmless B decays rx i cosom

PRD 90 (2014) 112004

« Interesting CPV pattern seen on Dalitz plot of Bt - h*th"h'*,h() = K, =

* Dalitz plot analysis needed to shed more light on understanding nature of these CPV

) B 5 K*ptg= Bt KEK+YK-
o r o F
< 250 LHCb (a) T | LHCb (b)
8 o 20F
= 20f s
‘\E‘ C }215:_
15F '
105— 10}
st 5_
0:_I P _1. : N 1 " 1 1 N 1 N 1 1 1
0 5 10 15 20 T2 T4 e 8 10 12 14
m2.. [GeV?/c'] M0 [GEVZ/ Y]
YL ) '
S 25 LHCb (c) < LHCb (d)
£ 200 “é:
€
15
10
5
0:'_I 1 1 1

o, 1 L Ly 1 1
0 5

R S S T R T R 7 R 10 15 20 25

m. ., [GeV¥/cY m2. [GeV?/c)
Bt 5 pEpta- B 5 nfKtK—

« Now, amplitude analyses of Bt - t*m~mw*and Bt -» K"K nw*, with much larger

statistics than previous B-factory analyses, has been performed

2023/08/26 18




New CP violation patterns

LHCb-PAPER-2019-018

* CP violation around p(770) pole well described by the three S-wave models

N{ 2001 -=-= lIsobar e Qmi NQ 200 -=-= lIsobar e Qmi
> 1501 ——— K-Matrix -+ Data > 150 ——— K-Matrix ~+ Data
© o 1
O ©)
< < 100
=) =)
= S 50 -I-'u 1
~ ~ s
+ + 0F T = i
Q Q "'HE;&'- P\j"q_:hl
= 2 i
| | =50 + -
I |
& 4 -100 -
< < LHCb cos Ope < 0
=150 4
B 3
;:' 0F
-3
0.4 0.6 0.8 1.0 1.2 1.4 1.6 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Miow [GeV/c?] Miow [GeV/c?]

* Over 250 significance for CPV due to S-P interference, first observation
* CP violation sign flips around p(770) pole and over helicity angle

* Crucial object next: any new physics inside?
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CKM angle

LHCb-PAPER-2023-013

_ T(B%(t) = vKQ) — T(B°(t)— ¢KS) -

=

2023/08/26

A®(t) = —= ~ Da¢Drr S sin(Amgt
®) F(B°(t)— vKS) + F(B°(t) > VKS) t ( )
perimental dilution factors
~N 1.00 v T T T L | v T T T
; — Fit
0.50 b
0.25F ]
0.00F ]
—0.25} ]
~0%%F LHCbD preliminary 1
—0.75F B e 3
I B'oy(— U)KY— ntr7)
~ 5 I 6 S RS R ¥
t [ps]
= 0.06 P
63 @ HFLAV 2015 (Relle + BaBar)
I @ HFLAV 2021 4
0.04 @ LHCL Run 2 o]
b @ HFLAV 2023 (preliminary) [HFI qV to
0.02f &
: 1 update]
0.00 .
—0.02f ]
~0.01} -
[ contours hold 39%, 87% CL
Y (T AP P EUIN PP ol
0.625  0.650  0.675  0.700 0.725  0.750
S".]\’g

Run 2
5ng
CRun 2

K2

=0.716 £ 0.013 (stat) + 0.008 (syst)
=0.012 £ 0.012 (stat) +0.003 (syst)

sin(2B) = sin(2¢,) E

PRELIMINARY

BaBar J/vy K 0.657 +0.036 * 0.012
PRD 79 12009?072009 =y :
BaBar J/y K 0.694 + 0.061 + §.031
PRD 79 (2009) 072009 ¥
BaBar y(2S) Kg 0.897 +0.100 + 0,036
PRD 79 (2009) 072009 ;
Belle JAy K, 0.670 +0.029 + 0.013
PRL 108 (zo‘?z) 171802 =3 :
Belle Jiy K 0.642 +0.047 = 4.021
PRL 108 (2012) 171802 "% t
Belle y(2S) K 0.718 +0.090 = 0.031
PRD 77 (2008) 091103(R) -
LHCb Run 1 J/y K3 = 0.750 = 0.040
JHEP 11 (2017) 170 i
LHCb Run 1 y(2S) K 0.840 + 0,100 £ G.010
JHEP 11 (2017) 170 e i
LHCb Run 2 J/y Ko .l 0.720 £ 0.014 £ 0.007
LHCb-PAPER-2023-013 5 :
LHCb Run 2 y(2S) K 0.647 £ 0.053 + 4.018
LHCb-PAPER-2023.013 ™ * % i

H §
World Average 4‘. 0.708 + Q.01
HFLAV H '
0.4 0.5 0.6 0.7 0.8 0.9 1

See talk from Peilian




C KM an gle ¢ g €s LHCb-PAPER-2023-016

* Using predictions with CKM parameters, probe new physics in sensitive decays

By ]/

> \ |
2 —
+2s BO Penguin pollution: Data-driven

S
method

¢;neas. — _2ﬂs s 5¢£)eng + 5¢£\/P

HFLAV
68% CL contours

(Alog £ = 1.15)
CMS 116.1 fb? Very small value Very small value

SM no penguins
CDF 9.6 fb™!

+20; :
36.810 mrad [CKMfitter]
(37 £ 1) mrad [UTFIT]

0.0%5 -0.3 01 0.1 0.3
¢<[rad]
Global combination §6S = —49 + 19 mrad See talk from Peilian
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C KM a n gle ¢ S S S LHCb-PAPER-2023-001

* Very sensitive to new physics in B mixing and in penguin

S
P
_ g s
B. W W+ B, B/
Sl¢
STV 1 Va b S )

SSSN O (SM)

See talk from Peilian
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C KM a n gle ¢ gs S LHCb-PAPER-2023-001

* Very sensitive to new physics in B mixing and in penguin
* Time-dependent angular analysis to probe CP violation: distinguish flavor,

resonant contributions

({g + Data : § : ]
= R (a) LH(_flb s 1200 (b) LH(_Ilb -
10 —B - ¢¢ 6 fb = o = 6 fb ]
S Combinatorial = E g —+ =
= w0 g S0 e+ —+
Al SN, Y § 6001 3
8 B - @] E
S 10 400 =
I ) 2001 .
2 1 . D A ., = oL I I I ]
5200 5300 5400 5500 5600 -1 -0.5 0 05 1
m(K*K'K*K') [MeV/c?] cosé,
;1200 E‘ T T T 4-5 E 10° - T T T T 3
& . (¢c) LHCb { ~ 4 (d) LHCb ]
& 1000~ 6fb 1 2 L[ 6fb' ]
(=} C == - 9 10? E 3
g 800 - Se= -4~ -+ A [
= - =+ 8 10 E
% 600 1 3
- B ] =] i
= 400 - 8 1E
E B oyge
& 200k E T See talk from Peilian
: 1 1 1 ] 2 L I 1 ]
P ) 0 2 10 2 4 6 8 10
X [rad] Decay time [ps]

Mixing angle: Direct CP violation parameter:

$%%° = —0.042 £ 0.075 £ 0.009 rad,  |A| = 1.004 £ 0.030 = 0.009,
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CP violation in weak decays

1964
1956 Strange particles:
Parity violation CP violation in K
T.D.Lee, oA meson decays

C.N.Yangand GZF; J. W. Cronin,

C.S.Wu et al. N V. L. Fitch et al.

1963 1973

Cabibbo Mixing The CKM matrix B

N. Cabibbo M. Kobayashi and
T. Maskawa ¥/

AAd,,=(-15.4+2.9)x10™

LHCb-PAPER-2019-006

2001

Beauty particles:
CP violation in B°
meson decays
BaBar and Belle
collaborations

>

'

2019

Charm particles:
CP violation in D°
meson decays
LHCD collaboration

A. Carbone, CERN seminar, March 19, 2019

CP violation in charm observed at 5.30

* The only place where CPV is not found is in baryon decays,

closely related to baryon number asymmetry

2021/04/15

~___YOUu
Discover CPV |

in baryon




First evidence of CPVin D° - Tt~ .orcmos

Previous CP violation discovery in charmed mesons:
AAcp = Acp(KYK™) — Acp(metm™) = (—15.4 4+ 2.9)x10~*

e Now we measure

Acp(K*K™)=(6.8+5.44+1.6)x107*

Interpretation:
Related to CPV in mixing and decay

( ) Determined by LHCb
ACP(f) = a? + TDf AYf /

& L R 1

k 0.006 - = LHCb combination, 8.7 fb’! LHCb _:
® Direct CP Vi()lati()n: -% ’ - z:rx: LHCb combination, 3.0 fb™! 5
0.004 4+ NodirectCcPV LT ]
d 4 - R
ay-+ = ( 7.7£5.7) x 10 0.002
_ o R
at_ . =(23.2+6.1) x 1074, I :
—0.002[ 7 e .
3.80 —0.004 con't'(;lll..r—s..l'l;ld 68%,95% CL .
Lo

T B
—0 004 —0 002 0 0.002 0.004
af g
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Discovery of a non-zero x LHC-PAPER 2022-020

LHCb-PAPER-2021-009

 Mixing parameters: x = (3.7 £ 1.2)x1073,y = (6. 8f8;6)x10‘3
. .. . . q $CP=—III1(~’40P)=%--’f»‘Cli’Sﬁb(g+I-J)+!,Isino-"(2 - 2),
e CP violation in mixing: |—| * 1 : Pl 14 Pl 141/,
P Az=—lm(Az)=% zcos¢(§—§)+ysin¢(§+§) ;
 CPYV in mixing and decay: ¢p = 0 G — T3 (o = % 'ycow(% . g ) _Isiw( % B ;_, ) |
(assume no direct CPV) 1[ al Ip al 1pN\]
Ay=—Re(Az)=§ycos¢(;—;)—xsin¢(;+a) :
R Pk 3 () Re (2 — A2%) + 1 (P); leor + Aol 4 yRlt) Re [ (op £ 82)] 3@ T T T
14 () Re (s — A) 41 (), Jzar £ Aef + VRt BeXi(er £42)] o b E
¥ <
Top = — Im (ch) y Az = —Im (AZ) y Xb =y — ’I:Sb :3 2 +b % —°§
= : =
yop = —Re(zep), Ay = —Re(Az). E : =
= 151 = :-E
« Measured using prompt D** — D%x*, D° 8 j 5
1F 2
- K¢m*m™ and secondary B - D°u~v, X 055 1 ? <
05 1 15 2 25 3
m?2 [GeV?/c*]
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Discovery of a non-zero x LHC-PAPER 2022-020

LHCb-PAPER-2021-009

* Results and constrain on CP violation parameters

Top = | 4.014 0.45 (stat) & 0.20 (syst)] x 1072, r = (4.01 £0.49) x 1073,
yep = | 5.51 £ 1.16 (stat) & 0.59 (syst)] x 1073, y=(55+13)x1073,
Az = [—0.29 + 0.18 (stat) £ 0.01 (syst)] x 1073, lg/p| = 1.01279:90

Ay =[ 0.31=+0.35(stat) & 0.13 (syst)] x 1073. ¢ = —0.061 3337 rad.

* Significant improvement on our understanding of D mixing and CPV

-, =L * r 4 &t & 1 ° - 04 T T : T 5 T :
0.01 [ [ | Current world avg. LHCb | ([ ] Current world avg. LHCb i
H [:] Current world avg. + this paper 1 02 B E:] Current world avg. + this paper .

0.008 ‘ /
of 7 :
0.006 |- ¥ / //
_ P
-0.2f .
0.004 - =
—Lt'nluu;\hul‘_d 68 %, 95% :'I_ . l N _04 'wnluui\huldhhi", 95% :‘]_ l . : X
0 0.002 0.004 0.006 —0.2 -0.1 0 0.1

X la/p| - 1
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Future data taking plans

L~1 —3%103°cm2s! L~4 — 6x1035cm2s-! L~4%103%cm2s"!

Start taking data RF power and IR upgrade 50 ab-! 250 ab-!

Belle 11 1 l 20 ab! 1 l

Belle Il Running period Upgrade

2015-2018  2019-2021 2022-2025 2026-2028 2029-2032 2033-2034 2035-future

Phase I Phase Ib Phase 11
1 -1 1
LHCb Upgrade 23 1b Upgrade >0 1b Upgrade 300 fb
L~4X103%2cm2s1 L~2X1033cm=2s1 L~2X10%cm2s™1
Data ~ 9 fb! Data ~ 50 fb! Data ~ 300 fb!
~1 interaction/Xing ~5 interactions/Xing ~50 interactions/Xing
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Physics potential

CERN-LHCC-2018-027

Observable Current LHCb LHCb 2025 Belle II Upgrade I ATLAS & CMS
EW Penguins -
Rk (1< ¢* < 6GeV3c) 0.1 [274] 0.025 0.036 0.007 -
Ri+ (1< ¢ < 6GeV2cY) 0.1 [275] 0.031 0.032 0.008 ~
Ry, Ryk, Rx - 0.08,0.06,0.18 - 0.02,0.02,0.05 -
CKM tests
v, with BY — Df K~ (f33)° (136 s - 18 -
7, all modes (*23)° (167 1.5° 1.5° 0.35° -
sin 23, with B® — J/¢K? 0.04 'j 0.011 0.005 0.003 -
s, with BY — J /3¢ 49 mrad [44 14 mrad - 4 mrad 22 mrad [610]
¢s, with BY — DFD; 170 mrad [49 35 mrad - 9 mrad -
$55 with BY — ¢¢ 154 mrad (94 39 mrad - 11 mrad Under study [611]
as) 33 x 1074 [211 10x 107 - 3x 1071 =
Visl/ Vs | 6% 201 3% 1% 1% -
BY, B—utp~
B(B® - ptpu~)/B(B? = utu~) 90% [264] 34% - 10% 21% (612]
TBO sty 22% E@ 8% - 2% -
Sy - - - 0.2 -
b — ¢l LUV studies -
R(D*) 0.026 [215,217] 0.0072 0.005 0.002 -
R(J/®) 0.24 |220] 0.071 - 0.02 -
Charm
AAcp(KK — ) 8.5 x 1074 [613 1.7x 1074 5.4x 1074 3.0x107° -
Ar (= zsin @) 2.8 x 1074 }@4 43%x1075 3.5%x1074 1.0x 1075 -
zsin ¢ from DO — K+~ 13 x 1074 228 3.2x 1074 4.6x 1074 8.0x1075 -

zsin ¢ from multibody decays

- (K3m)4.0x107°

(KO7rm) 1.2x 1074

(K3m) 8.0 x 107°

* Great experimental potential ahead, need lattice to accompany
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CKM fit in a near future

1.5

1.0

0.5

IS 0.0

0.5 d 05 - -
1.0 & -1.0 :— Y fk _:
i cos 28 <0 ~ i r cos2p<0
Phase | ; (excl. at CL > 0.95) — I Phase Il ! (excl. at CL > 0.95) —
_1-5 I I | | | | | L1 | [ | | L L 11 | [ |_ _1.5 _I | |4 | I | | I I | | I I | | 1 1 | & | 11 I_
1.0  -05 0.0 0.5 1.0 1.5 2.0 1.0 -05 0.0 0.5 1.0 1.5
p p
*  With assumptions on improvements on lattice (mostly factor of 2)
* Central values at current fit values
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Summary: CKM status over years

I 0.0
-0.5 R
1.0 r
-1 1.5
-1.0 0.5 0.0 0.5 1.0 15 2.0 -1.0
p p

15
10f
os |

IS ool
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Summary: Future of CKM

. Spectrum of H, n=3 — n=2 Ha, first line of Balmer
. |‘@ | ‘ — ¢ N®
O @® v ®®
®®
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Thank You for Your Attention
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CP violationin B - PV

LHCb-PAPER-2021-050

* Resonant contributions in vector region: S, P

waves and their interference

Yields / (0.018 GeV/c?)

5E8EEE

e CP violation can be measured by analyzing

angular distributions

S, P-wave

£o(980)

.........

interference P-wave

S-wave \ \ \

14 1.6 18
m(tn) [GeV/e?)

0s>O(mi, s1),

[M|* = fleosO(my, s1)) = p5 Py os O(my, 51) +

— T
+ 0 rr+

LHC BrE=np@itr k" 4B* 4
-1 =0. =0. 4

5.9fb ¥2/ndf =0.8 ¥%ndf = 0.6

p;=1557 +45 p =2319 =56

p'=-237+7 p=-337:8

p;=97+03 p,=130203_,

LI T S A NI R Y R

— —
S 8
IO (=)

AcplB

Candidates / (1.0 GeV?/¢%)
o0
(=)
(=

8
Iol TT

llll

200F

"6 3 10 1z 14 16 18 20 2 )
m(K*n") [GeV¥cY  cause sizable effects

2023/08/26

p(770)°K*] = 0.150 + 0.019

Cautious when using the results!!!

It is not CP violation of p(770)K* , but all
vector contributions in the region, w(782) may
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