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Let’s start with sin2beta With the “golden” mode BO — J/W (—=p+ut) Ks (rT1T)
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Time dependent analysis — requires flavour tagging



sin 23 aka the raison d’étre of B-factories - 2001

BaBar, PRL 87 (2001) 091801

sin23 = 0.59 =

- (0.14 (stat)
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Different conventions on each side of the pacific




L egacy from B-Factories
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Flavour Tagging @ LHCDb
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Importance of efficient reconstruction

Understanding tiny effects

Trigger wise dilepton decays are a day at the beach
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Summary plot s there room for NP in this corner ?

sin(2B) = sin(20,) HELAY
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t’s interesting to see what a “just” a difference Iin the spectator quark can do
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An other fascinating topic is simple lifetime measurements.
f you are interested in this Google my dear colleague Alex Lenz
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A few lines about the mixing formalism
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A few lines about the mixing formalism
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CERN-THESIS-2014-361 a very pedagogical reference.



\We have to make Detector effects
the actual omelette 0% >
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T you'll Indulge me a little parenthesis

From my PhD 2006-2009

The channels in question

BO — D_ p+ (770) m==> Gamma Extraction:U-spin modes

B 0 g —> D_ S p+ ) Bs Oscillations measurement.

You can tell | was young, | was using ComicSense



[Submitted on 22 Sep 2006]

Observation of Bs-Bsbar Oscillations 22 days after the start of my thesis
CDF Collaboration

We report the observation of Bs-Bsbar oscillations from a time-dependent measurement of the Bs-Bsbar oscillation frequency Delta ms. Using a data
sample of 1 fbA-1 of p-pbar collisions at sqrt{s}=1.96 TeV collected with the CDF Il detector at the Fermilab Tevatron, we find signals of 5600 fully
reconstructed hadronic Bs decays, 3100 partially reconstructed hadronic Bs decays, and 61500 partially reconstructed semileptonic Bs decays. We measure
the probability as a function of proper decay time that the Bs decays with the same, or opposite, flavor as the flavor at production, and we find a signal for

Bs-Bsbar oscillations. The probability that random fluctuations could produce a comparable signal is 8 X 10A-8, which exceeds 5 sigma significance. We
measure

Deltams = 17.77 +- 0.10 (stat) +- 0.07 (syst) psA-1
and extract

|[Vtd/Vts| = 0.2060 +- 0.0007 (exp) + 0.0081 - 0.0060 (theor).
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and extract

|[Vtd/Vts| = 0.2060 +- 0.0007 (exp) + 0.0081 - 0.0060 (theor).

CERN releases analysis of LHC

incident One year after the start of my thesis

16 OCTOBER, 2008

Geneva, 16 October 2008. Investigations at CERN following a large helium leak into sector 3-4 of the Large
Hadron Collider (LHC) tunnel have confirmed that cause of the incident was a faulty electrical connection

between two of the accelerator’s magnets. This resulted in mechanical damage and release of helium from the
magnet cold mass into the tunnel.
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The end of the universe if not something very close
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In 2008

B factories and Tevratron students LHC students
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Figure 7: The combined B? oscillation results from ALEPH, CDF, DELPHI, OPAL, and SLD shown
as amplitude versus hypothesized Ams . The dots with error bars show the fitted aplitude values and
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My personal end of the universe at the time
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Finally...

A counting experiment
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—+ Data [_] Combinatorial C 1 _Ag _,7; 7t ] BS—» DK*
...... D" ' S
B Ds” E Bd—)D T - B?dls)—)D;(*)n'"'
- S 10
o - -
2 Tp]
g S
g 3 Q 10°
o 10 g
B O
k= ©
z C
S I ©
O 3 g ‘
102 L I . | | | .~ I I S/

5300 5400 5500 5600 5,700
m(D; z*) (MeV ¢

5,800 1,940 1,960 1,980 2,000
m(K*K z*, n*z"7*) (MeV ¢?)

Decay mode

Data sample

1

Amg ps™

Bg — D, 2011 17.768 = 0.023 = 0.006
B‘s’ — D, m— 2011-2018 17.757 £ 0.007 == 0.008
B‘s’ — D 2015-2018 17.7683 4= 0.0051 4= 0.0032
Importance of PID, proper time resolution, flavour tagging . T
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L oop back to the models

G? m?
SM  Amg = 6 > MB, My f( )UQCDBB qu|
m? W
(a) e IHHIHHMD_Iml
0.01000 § .
= br — 0.00100 .
/ o Yy
4 ATLAS excl (central)
0.00010 (-20) -
ER Non perturbative
bL 5L Bs m|xmg excl
0.00001 ST T I
o 1 72 35 .4 5 ©

Mz/TeV

Allanach, Butterworth and Corbett 2019

(b)

|9sp

b Vig|?

0.1 ¢

0.01

" ATLAS excl (central)

Bmlxmgexcl
IIIIIIIII.| IIIIIIII |IIII|IIII|

Allanach, Butterworth and Corbett 2019

0

e 272 35 4 5 0
Mz:/TeV

arXiv:1904.10954 one example out of the billion out there.
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| et’s us add complexity - Bs—=J/W (= putpt) © (K+K-)

Mixture of CP odd and CP even eigenstates
/H e None negligible difference between the
5 — heavy and the light state of your the Bs mesons Al's

diT(BY — J/yK+YK™) . ,
() fx(€2).
\ / | dt df) ) kz::l o
bot J ‘ h+h

hi(t) = Nye ' [a; cosh (%AFSt) + by, sinh (%Afst)
+ cg cos(Amt) + di sin(Amgt)],
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Fermilalb paved the path of Bs physics

—1 —1
CDF Run |l Preliminary Lumi = 258:15 pb” — g2 +DB 28 —= .
5_103 = B, —> Jiy o -+ all data - o
3 | M L ' é
@ | Prompt B Heavy e 99.7% CL — ;
o . 0.2 )
w 10 <] .
Q B
+— - i
© - . .
5 | 1, e S . a
: ' (
10 | : :
= E 0.2 _
i | / pvalue =0.031
i 3 \ 2.26 tfromSM /
0.4l - o
1 E @ |
.E 1 | I T s
-0.1 0.0 0.1 0.2 0.3 3 -2 -1 0 1 2 3
ct, cm 7% = —287/%¢ [rad]

Time dependent angular analysis

We will come back to the to angular analyses in the second lecture



t’s just a counting experiment

[(B® — J/YKK) —T(B? — J/9KK)

i o obs _:
F(BO = J/6KK) + T(BS — JjpKK) " 5" %s sin(Am;t)

Acp(t) =

® CP eigenvalue of the final state nr = (—1)*

® A mixture of CP-even & CP-odd components — angular analysis

Yy

B? vertex

pPBo, Mmpo, TBo
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[S—
OO\

(<l-\ E T T T T [ T T T T | T T T T | E‘ — 105 : : : . : : : | N T T T T T T Y Y T T T T T T T T T T T
& - LHCb Run 2, 6 fb-l ¢ Data . a R < - —4- Data LHCb Run 2, 6 fb-l 7
2 sk — Total fit 1 = [ LHCD Run 2,6 b S 10000} — Total fit -
Q 10°F , E - 104~ o —4- Data 9 -=+ CP-even
> - — - Signal - S TN _ <
. . = N Total fit = a — CP-odd
Q 104 :_ s==s BaCkgI'Ound _: 8 . “uo _.\...\ ssssssss - CP-even :s N, ey, S_wave
< = = 10 RO N — . CP-odd g . .
- ’ - = IR S S-wave O I ", o |
S ol | 0T N so00F e P
‘C-Q‘ 10 g_ / \ 3 g 102 $\~ ~~~~~~ . - ., ""‘ -
o - / \\ : © \\“\‘ et .
'C ~ - / — *-,.. ..................
! s oo \ " ’___. el ¢ | — — _
- ; - B . . . N B U UT T T
- /{/f \\ ’ 1. lE' O'/'/" L 1 | o~
g“'L/l AL L al el d 1 | 1 R 1 ’\ i | L [ 1 A A A A 5' L - d ~ l() -~ - - 111 I _0.5 O 0.5
|
5200 5300 5400 - 5500 D time [ps] cos6,
m(J/y K*K~) [MeV/c?] ccay time {ps

HFLAV

DO 8 fb™*
68% CL contours

(A log £ = 1.15)

0.13

CMS 116.1 fb~?

Very similar experimental technigues o
between the LHC three collaborations 2,
<]

SM no penguins
CDF 9.6 fb~!

M LHCb 9 fb~?

0.07
, ATLAS 99.7 fb~!
arXiv:2308.01468
0-0%5 -0.3 0.1 0.1 0.3

ps[rad]



An example of NP Interpretations

(B, HEY!
(B, HSY'

Cg, e219Bq

~ S0
= =
Let us first consider MFV models and update our results presented in Ref. [11, 12]. In = <10°
92 92
practice, the most convenient strategy in this case is to fit the shift in the Inami-Lim top- S 3 8
(7] (7]
quark function entering By, B, and K° mixing. We fit for this shift using the experimental = N

measurements of Am,, Am, and €k, after determining the parameters of the CKM matrix

with the universal unitarity triangle analysis [17].” We obtain the following lower bounds at

95% probability:

A >55TeV (small tanf), (13)

A >51TeV (large tanf). (14)
FIG. 7: Summary of the 95% probability lower bound on the NP scale A for strongly-interacting

NP in NMFV (left) and general NP (right) scenarios.

https://arxiv.org/pdf/0707.0636



SN ZB & Ps

Typically dominated by a
few “Golden modes”

Y measurements have somewhat of a
‘commune spirit ”
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How to measure Y 7+

15 11 [T T I LN I > L R I L L L L L B
I~ excluded area has CL > 0.95 . < N
L ?% -
i S S ]
1.0 — ° —
: : % Amy & Amg
" sin2p 5 ]
0.5 — : ]
: : Amg -
L &y /@\\ 1
0.0 Hiinny T ¥ N )
[ o : }
E Vil o :
-0.5 —
1.0 - Y &
- sol. w/cos2B<0 —
- Spring 21 : (excl. atCL > 0.95) —
15 oo b b v v by v by o 0]
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p

*
Vud ub

*
‘/;d cb

p3 = arg ~ arg(p+1in) .

t’s all about Interferences !
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< Beautiful Mont-Blanc analogy >

There Is a myriad of techniques
to measure this angle

q 1 .O l | | | l I | I | I | l
5 TLHCD o
| - Prelim; ' Bg — D;F K= - B decay D decay Ref. Dataset  Status since
_rreliiminary W B s DK i Ref. [14]
i 0.8F Summer 2024 _ B* — Dh* D — h*h'F 35] Run 1&2 As before
Ol L_!B* -5 D*'h* ] B* s Dh* D — hh-mtn 19)  Run1&2 New
i 88 BY 5 DK*0 1 B* — Dh* D — K*rFrtn~ 36 Run 1&2 As before
+ + B* — Dh* D — h*hFr0 37] Run 1&2 As before
- n B* = Dh h B* — Dh* D — KJh*h™ 38 Run 1&2 As before
0.6 I All Modes - B* — Dh* D — KIK*7+ 39]  Run1&2 As before
. B* — D*h* D — h*h'F (PR) [35] Run 1&2 As before
_ B* — D*h* D Kh~ (PR)  [20]  Run1&2 New
i B* — D*h* D — K2h*th~ (FR) 21] Run 1&2 New
O 4 | B* - DK** D — h*h'F 22]"  Run 1&2 Updated
. B* - DK** D — hEnFntn 22]1 Run 1&2 Updated
............................................ 68.3% B* > DK D — K$h*h- 2t Runl¢2 New
7 B* — Dh*ntn~ D — h*h'F 40] Run 1 As before
s B° — DK*° D — h*h'F 23] Run 1&2 Updated
O 2 — B - DK*® D — hEnFntn 23] Run 1&2 Updated
) i B° - DK*° D — KSh*h~ 24] Run 1&2 Updated
B® — D¥n* Dt - K—ntnt 41] Run 1 As before
05.4% - BY - DFK* D+ — hth—nt 95,42]" Run 1&2 Updated
"""""""""""""" N B? - DFK*ntn~ Df — hthw™t 43] Run 1&2 As before

— —- —

00790 40 60 80 100 120

ADS, GLW, BPGGS/Z, etc.

A |

JONF-2024-004
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S

K_
u
Favoured B~ — D°K™ CKM+colour suppressed B~ — DOK ™

DOK—

B—/ T
\

fDK_

DOK—
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We can write down the amplitudes

A(B~) = Ag(Apo + rg €% =) A 5)
ABT) = Ag(Ag + rg e %8 +7) Ap0)

8 rb : m/hw(ght’mcl.ﬂ. og, w\l- mlﬂ?mwao
% p: S\w»} Fﬂam_ Lf'@mm oLk ‘%h, P RISV @d)g(’m&..
(—. ﬂquwkgﬂwg/gwa,psﬂww



for the quantities that are limited by systematic theoretical errors. The two right columns give
the relative improvements (in percent) of the > 32% CL and > 5% CL half widths with respect ._1 O 1
to the fit results without sin28 given in Tab. 3. The last three lines give the ranges obtained for

chosen theoretical parameters when removing their respective bounds in the fit.

Parameter > 32% CL half width > 5% CL half width | §3. 5
1 .2 1 1 1 1 RN BN B 1 1 1 1 1] [ 11 L B B L 1 T T T I T |
e — 4 F 4 F 41 F -
A 0.2221 + 0.0021 0.2221 + 0.0041 0 0 QO - 1 T 1 T 1 -
A 0.782 - 0.888 0.053 0.758 - 0.906 0074 |10 3 TR BRI — b pe—— - B — b e -
_ > 1] | { | B :
p 0.09 - 0.29 0.10 0.04 - 0.37 0.16 29 6 QO u 1 E 1 F 1 E ; .
7] 0.22 - 0.32 0.05 0.21 - 0.42 0.11 58 21 ’_] O 8 N 1 F 1 E 1 E h ¥ .
O [ - B = I i [ S, -
J (1075) 2.0 - 2.9 0.5 1.9-35 0.8 38 11 8 - 1 1 1 ' 12 T -
- i I i I B I Y B ]
sin2a —0.88 - 0.04 0.46 —0.95 - 0.33 0.64 27 12 - 06 N 1 E 1 E 4 F 1 1= .
sin24 0.50 - 0.67 0.09 0.47 - 0.81 0.17 50 19 Q n 1 1 E 1 =7 1= _
a 89° - 121° 16° 80° - 126° 23° 27 12 :'9 O 4 - — - E — . - — - -
B 15.0° - 21.0° 3.0° 14.0° - 27.0° 6.5° 59 25 (- . - n [~ N B [~ n [~ T n
y=194 42° - 74° 16° 34° - 82° 24° 16 0 g 2 - . - by . - N - 1 = N
sinf; 0.2221 + 0.0021 0.2221 + 0.0041 0 0 U O = 1 F 3 41 F 4 F 1 = m
sinf;3 (1072) 2.70 - 4.03 0.67 2.49 - 4.38 0.95 17 8 = ] - m m 7] — ' ‘s, S| 7]
sinfyz (1073 38.4 - 43.2 2.4 38.0 - 43.6 2.8 0 0 0 A A : SOV S )
Veud| 0.97504 + 0.00049 0.97504 =+ 0.00094 0 0 O 2 15 O 22 O 225 O 7 O 8 O 9 O
|Viss | 0.2221 =+ 0.0021 0.2221 + 0.0042 0 0
|Vis| (1073) 2.70 - 3.71 0.51 2.45 - 4.38 0.96 37 7
Ved| 0.2220 + 0.0021 0.2220 =+ 0.0042 0 0 )\, A
|Ves| 0.97414 + 0.00049 0.97414 + 0.00098 13 4
V| (1073) 38.7 - 43.2 2.3 38.1 - 43.6 2.8 4 0 1 .2 I R S B N R B B R [~ N I L Y I R B B [~ ] I I
[Via| (1072) 7.2-9.2 1.0 6.6 - 9.6 1.5 23 6 o - 1 F 1 1
[Vis| (1073) 38.0 - 42.7 2.4 37.4 - 43.1 2.9 8 3 D N 1 E 1 E 1 E
|Vis| 0.99907 - 0.99926 9 x 107>  0.99905 - 0.99928 11 x10™° | 10 8 5 1 Ty fF T ' S R Y S ] I ,T“T """"
1 |= 1 1L 1 [ #]= 1 [ :
- 1Y [ T [~ - [~ I N
Amg (ps1) 15.5 - 33.7 9.1 15.0 - 41.3 13.1 0 3 .J O 8 il R s 1 F A . e]<= 1 b :
O s~ n 1 12 1 [ e /2™ 1
0 0, —11 (D) i 1 3 u 1 B m C [ %, n - ’
BR(K? — n%p) (10711)  1.2-26 0.7 1.1-3.8 1.4 50 13 > L (= 1 r 4 F N e T - . 4 F i
BR(K* — ntvw) (10711) 6.6- 9.5 L5 5.4 - 10.4 2.5 35 14 - O 6 - . 1 — - , 12 . - |- - ] [ i
BR(B* — 7tv;) (107°)  4.6- 124 3.9 3.6 - 21.0 8.7 49 13 O * . % ! L  a=me B - " - - ] C L awf
BR(B* — pty,) (1077)  1.8-4.9 1.6 1.4 - 8.3 3.5 48 10 o] - |- - 1 - 1 = 1 [F [ = > 1
o= 04 A - b i — b= - —
fB,vV/Ba (MeV) 194 - 246 26 185 - 272 41 33 12 - ~ % 7 [~ : - m | - 7 ~
Bk > 0.72 > 0.55 31 10 o 02 F - 1 b S 1 /s 1
my (GeV) 124 - 406 141 102 - 550 224 6 5 . ' . . . ;J_A_—LJJ - 4 Fl= 4 F
"' . - "‘ L.-: v . E....L._._.L.._LJ
Table 3: Fit results including the world average on sin2Bwa. As in Table 3, ranges are given O I B RIS | 1 1 % ' I l L |

-
O
n

50 100 O 0.2
sin 20 sin 23 y [deg]

https://arxiv.org/pdf/hep-ph/0104062



Events / 10 MeV

B_ — DsupK_ B+ . DsupK+
6 6 -
® 4 ®
48 ¢ ¢ (Ne - 4 -
e ® _\0 b I
2 Al -;l‘ ®¢ bo 2 " .; ® ¢ ¢, ¢oe -
e olo lo |/ "“ (] | 0 0 ! “""'-M.
0 0 L '
B-- DsupT[_
15
10
o
5L 1
: { "_‘ l.
O} }1.,_..'.' :::: .;'.J ! " B by
-0.20 -0.10 0.00 0.10 0.20 -0.20 -0.10 0.00 0.10 0.20

AE (GeV) AE (GeV)

Belle, PRL 94 (2005) 091601

ADS technigue

Apr = 0.88 101 (stat) 4 0.06(syst),
0.30 1052 (stat)

p
»
R

|

L
M
-
O
-y
N
w0
<
0
d
S

Here, both B—=Dh peak at O when correctly identified
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—— Total [ B*— (D*— Dy)h* B2 Charmless
—— Data B B — D*h*r B Crossfeed

Example of a very spectacular asymmetry  —z-e soes e
B Bt - (D" - D)kt B s Doktm mm A Dp?

[ 1 Misidentification

B B’ (D* — DnP)h* ] +
( ™) B — Dhm B Combinatorial

R LHCDH RS LHCb
%200- 0 1 %200- | | 0 1
=, =
> 150 = 150 il HH n
S - - e - - NN - -
100 ~~100 [ _
g BT g Y B
av) av)
= 50 A = 50 ‘
< . H 3
- 0 Am + = ) T
< 5000 5200 5400 < 5000 5200 5400
m(|[K n~|pK ™) [MeV/cZ] m(|[K 7| pK™) [Me\//cz]

| HCb. JHEP 04 (2021) 081 Just drawing a line does not do justice to this work
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Putting everything together

Hk 014 "-..l" B‘l Dlll" Dl Kl"h“hI I I I I ] -
H L . _ BT —> . D — Kg - _
QR | 0¥ B* - Dh*, D — K$K*n* [h*h=° /h*h’*w*rLHCb .

~ 2% BE s DhE D — hiR® Preliminary
- - AL ;‘ DEE mod Summer 2024 -
= = modes

0.12 -
0.10 _
0.08 -

0.06 1 1 1 1 1 1 1 1 1 1 1 1

40 60 80

(o)
v [°]

iy 00—
+ | 00! B* > Dh*, D — K2h*h~ i
Qifn 0.012F 80E B* — Dh*, D — K$K*=7 [h*hFx" [h*hFxtz~ ]%EI“%B_-
. | {0 B* - Dh* D - h*h'* Summer 2024
- 388 All B* - Dh* modes )
0010 _ Bl Beauty and Charm —
0.008 5
0.006 .
0.004} -
0.002 -

0.000 1 | 1 1 1 | 1 1 1 1 1 1

L HCb-CONF-2024-004

Jra
[a—
=

140

120

100

300

250

X . "7 sMRBeautyand Charm = [ s##Beyamdcham | THCHh]
-.l | T T T T T T T T T T él‘OE)‘— = geaug an?l g:arm, a‘;(+ -= 0-‘ < 2.—-:;%“3 an: gia.rm aj ———- IEEEEB-
- L-: Bi — Dhi? D — th+h— LHCb N f E - E i = . Summer 2024
...... : . ) e - F : _ : _
| 0 B* - Dh*, D - K K*7% |h*hF2°/h*hFn*x Preliminary - = 0.4 1 of _
Summer 2024 - [ [ y
0.3 -
i i ] —2r n
l 0.2F : ?
— X y ] —Ar B
- 0.1F & : i
: Pl LHCb- SCIR -
] 0.0 3 1 lbet[:}:f\ = 1 | S:ren:nr::g(a)z_: : | 1 1 1 1
"i ~ —0.1 0.0 0.1 0.2 0.3 -8 —0.050 —-0.025 0.000 0.025 0.050
; - ale, o [%)] lg/p| — 1
B R 7 [
T Importance of charm inputs
40 60 80
(o}
v [°]
e e 0T 110
L 907 B* - Dh*, D — K%h*h- ]
- 3 B* 5 Dh*, D — K0K*7¥ [h*hF2° | h*hFrtn- II;r‘eEIn%B :
- {000l B* - Dh* D — h*h'F Summer 2024
— @8 All B* - Dh* modes . v rRE* §DKT pDr §DTE pKmo gKn z y lq/p| ¢ akip- ad _ al. _
[ S Beauty and Charm . - ] 7 100 036 062 —002 019 - - - - - - - -
! ' W™ Y ] rDK* 1.00 0.21 - 0.07 —0.04 -0.10 0.02 -0.08 - - - - -
S P o y §OK* 1.00 -0.04 0.18 -0.11 —0.39 0.06 —0.32 - —0.01 - - 0.02
3 Vi . rO7* 1.00 057 0.04 0.02 - 0.01 - - - - -
] il ] 601" 1.00 0.01 -0.13 0.02 -0.11 - - - - -
! ] ' rk= 1.00 029 0.18 -0.07 -0.04 0.01 - - -0.02
- TN s “ 5= 1.00 -0.05 0.84 - 0.04 -0.02 -0.02 -0.05
] v ‘_ z 1.00 022 -0.09 0.09  0.01 - -
! . y 1.00 -0.04 0.04 -0.01 -0.01 -0.06
: | 1 gl 1 - la/p 1.00 0.72 011 010 -0.16
0 60 30 b 1.00 -0.04 -0.04 0.33
[o] Qs g 1.00 087  0.22
v ad, _ 1.00  0.20
aSs - 1.00

Consist

ent analyses
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An other example of a direct CP violation measurement

7’ A
L , B"momentum
I P trajectory
[ [ l ' /
1 | 1 | [ BRI SR B FRTNET ERTE ONESTE MERPE ERPERDY RO | l__ ' +
EHCH g .
54 fb! . /
—— Data - ‘
— Signal =
) . Primary
Combinatorial = vertex
------ Partial Reco. f
Peaking Partial Reco. -
- B+ — J'l:+ﬂ:0 ]

Acp(BT— K*m%) = 0.025 £ 0.015 4= 0.006 == 0.003,

Consistent with the world average

",

oy : O: I :
4500 5000 5590 6000 4500 5000 5590 6000
m(K*rt) [MeV/c?] m(K m) [MeV/c?]

ARXIV:2012.12789

Part of the Kmt puzzle expressed via this sum rule

B(K°7™) 7
B(K+7T_) T4

2B(K*7°%) 7
B(K+7T_) T4

2B(K°x)

ACP(K+7T_)—|—ACP(KO7T+) B(K+7T_)

— ACP(K+7TO) | ACP(KOWO)
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http://arxiv.org/abs/2012.12789

B—hn

An important quantity to control is detector asymmetries

- PE?S)—# (t) + FB&)"J” L cosh (Ard(s) t)

Analyses that explore U spin symmetry

~ 11 T L | T | T | ) I /c;g\ =
14000 | | LHCbH | - ﬁ‘ 16OO:
> N B = :
H512000- ﬂ f Data 1.9 fb! — = 14OO:
u - < 1200
S10000— we: . -
‘ - &l = 1000¢
S 8000 Weox— 4 7k
. B s . 800
2 6000/ dEal L o :
;‘é’ - B'ortr- . 600:
"% 4000:_ .3-B0dy bkg. B 400F
© ZOOOM Comb. bkg. 200¢F
0 k e

o

D2

54 56 58 6 6.2

m(K *7 %) [GeV/c?]

{ Data 1.9 fb! -

— B S KK

— B> K*K~

llllllllllllllllllll

1 2 3 4
Decay time [ps]

Yield / (0.14 ps)

800
600

400 H
200

—
W\
-
-)

1000} /14

Ly(t) — FB?S)—#(t) - —C}cos(Amy(s)t) + Sy sin(Amgs)t)

2

{ Data 1.9 fb’!

0
— B —»xntn

R ETEEE T
Decay time [ps]

This constitutes the first observation of time-dependent CP violation in decays of the Bs meson.

ART sinh (=52¢)

7T TTTT —7'(' 0
A(Ii{et - A{{{AW e A{{(AW = Affet'
C.. = —0.320 =+0.038,
S . = —0.672 +0.034,
AB, = —0.0831 =+ 0.0034,
A% = 0225 +0.012
& = 2 (051
G = RG] ey
ARL = —0.897 +0.087
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y

Very different
lifetime:

T(Kg) ~09x 10710 ! Am ~ 0.5 ps~!
T(Kg) ~0.5%x 1077 I Lifetime

the oscillation 0
period longer ©(B%) ~ 1.5 ps

than the K¢

O""’ - éé)d ' 4(')0 ' 6(1)0 l lscl)ol o0 lifetime, but Kg
1 . .
decay-time [ps] ~ €xceptionally long decay-time [ps]

Oscillations

Intensit

The same order
of magnitudes

Very slow
oscillations

Very fast
oscillations

Probability
S °©

— 1<DID"(1)>F Am ~ 10_3 J20) -1
—_ I<DD ID’(1)>F
-~ exp(-T7) Very short lifetime

7(D°) ~ 0.4 ps

DP decays before
has a chance to

S
%

Am_> 15 ps~!
t(BY) ~ 1.5 ps
Non-zero Al

S S
5 &

S
1 1
(=)

1.5 2 25 3 _
decay-time [ps] oscillate




MiXing In charm lanao

Cabbibo-favoured (CF) Doubly-Cabbibo suppressed (DCS)
(I V& Vudl® = 1) (IVegVis|® = 2 x 1075) N(wrong)(t)
> [(_7TJr right sign (RS) R(t) — N(rlght)(t)

“Perfect” tagging k y

mix —0 -7 DCS t x"2 + y/2

) _ t 2
D*_I_ % ﬂ-+D() ....................... .»D -="" R(t) % rD _|_ rD y/ I (_)
CF T 4 T
(Interference) (Pure mixing)
DCE ™ - Kt

wrong sign (WS)

| warned you there is a lot of Jargon
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Charm Mixing 2007
BaBar, PRL 98 (2007) 211802

Rys (%)

0.45 N B B | |

0.4 —
0.35 -

L . _:* i
0'3_. .I. r 1 . ]

-2 -1 ) 1 2

t (ps)
DO, K*1T~

Belle, PRL 98 (2007) 211803

Y. :
Z | (d)
~=,0.15 |
= s
Z :
+,0.14
M =
Z g - ~totnb Galatie in =" "I =0
0.12 -
—O—
0.11
0.1 -~ e ]
0 0 2000 4000
t (fs)
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TOday ... first observation of nonzero mass difference of D° meson mass eigenstates!

— +0.56 -3
4.5?'10'6"l"'l"'|-"|"'|"—_ ¢ Data Fit x_(3°98_0'54)X10 ’
- ] 1 1.5 _
@ 4 1\ LHCb : 0995 y = (4.6717) x 1073,
> - . -1 1
3 350 + Data 5.4 fb™ 3 ] lg/p| = 0.996 + 0.052,
; 3 + —Fit —; _022 " ¢ —0 056+0'O47
g 2.5;— # B Background — i % —0.051
S 15F E :
'c% 1E 1 0.21
©) - 0.2
0‘55 >\‘ _l':llc' X g l|d ! ' 2 | . ’ ¥ I ? |
C i urrent world avg. ]
0140 142 144 146 148 150 O 20 - | Current world avg. + this paper LECh 1
Am [MeV/c?] 0.195 Ao :
0.008_— i
o 0.19 : ‘ 3
Bin flip method . O0E @ )
L L LA N AL NS B 0.004 |- =
3 __ 8 0.66 B 1 ll\ Hl (1 1) ;] L L L | L 1 L | 1
- < 0 0.002 0.004 0.006
251 -b 187 064 re x
_ N 6 BN O
L be 062 o V4r T T T T T T T ]
2 C N Q [ ] Current world avg. LLHCD -
N> 2 - +b 5 g 02 —_j Current world avg. + this paper C ;
G i = 0.265 o
— 15 +4 |4 © ] [
NSI B 8 : oF —
N 3 2 0.26 ~N I
5 2 < - 2l
05F 451 10.255 W
AT T e . = (I 0 0.1 02
0.5 1 1.5 2 2.5 3 lg/p| — 1
m2 [GeV?/c*]

LHCb, PRL 127 (2021) 111801

Loop back to beauty ! 42



Giving one lecture on CP Violation
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Overall, we see a very consistent picture, if there is New Physics it must be at pretty high energies
and there were to be this New Physics we would need it to carry extra sources of CP Violation
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0.8 To illustrate the level of suppression required for BSM contributions, consider a class of models
: in which the unitarity of the CKM matrix is maintained, and the dominant BSM effects modify the
_ neutral meson mixing amplitudes [134] by (2;;/4%)(g;v*Prg;)?, where z;; is an unknown coefficient

0.6 and A is the scale suppressing this BSM contribution (see, [135,136]). It is only known since the
= ¢ / B first measurements of v and o that the SM gives the leading contribution to B® — BY mixing [6,137].

Nevertheless, new physics with a generic weak phase may still contribute to neutral meson mixings
at a significant fraction of the SM [131,138,139]. The existing data imply that A/|z;;|'/? has to
exceed about 10* TeV for K° - K mixing, 102 TeV for D° — D° mixing, 500 TeV for B® — B® mixing,
and 100 TeV for BY— BY mixing [131,136]. (Some other operators are even better constrained [131].)
The constraints are the strongest in the kaon sector, because the CKM suppression is the most
severe. Thus, if there is new physics at the TeV scale, |2;;| < 1 is required. Even if |z;;| are
suppressed by a loop factor and |V;V;;|* (in the down quark sector), similar to the SM, one
expects percent-level effects, which may be observable in forthcoming flavor physics experiments.
To constrain such extensions of the SM, many measurements irrelevant for the SM-CKM fit, such
as the C'P asymmetry in semileptonic Bg, , decays, Acslf, are important [140]. The current world
averages [24] are consistent with the SM, with experimental uncertainties far greater than those of
the theory predictions.

0.4

0.2

7

L3 3
O—0.2

o]l

https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf



We take a break here for today !
Tomorrow we discuss penguins, EFTs and all the good stuff.




