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The CKM matrix and the Unitarity Triangles

» Describes the quark mixing in
weak charged transitions

d S b »The CKM is unitary
u oLl 1 Bt » 3 real parameters 4, p, A and
Vexu = ¢ 2 . 1 phase n "}/, are complex
) 1- Eﬂz AX + O(X) » Interfering amplitudes can give
t] 4 (-p—in) -AR 1 CP violating asymmetries
»The CKM is the only source of

CPV in the SM

The unitarity relations can be represented as triangles in the
complex plane with angles related to CKM matrix elements
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Time-dependent CP asymmetries

R ® (P violation arises from interference between the
4, two paths (decay with and without mixing)
= D
ap | Jep y
2 9 Independent ig,, ¢ <«—— Decay amplitude ratio
1) f
v e e A =|A e =L L g
— of phase U p A Phase factor due to mixing
EO 7 convention $ f I

Time-dependent CP asymmetry: ~ Direct CPV' - Mixing-induced CPV

A (1) = F(Eo(t)_)f)_r(Bo(f)—’f)_—Cj,ilcos(Amd’st)+Sil'sm(Amd’s )
cp _F(Eo(z‘)%f)+l“(30(t)%f)_COSh(AI’d’St +AMsinh(Ard’S )
2 / 2
h 1| g _2Imh, . -2Rel,
T T e v

Time-dependent (TD) asymmetries provide
information on the weak phase ¢, = ¢M 29,
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Time-dependent CP asymmetries

R ® (P violation arises from interference between the
4, two paths (decay with and without mixing)
5 Op
ap | Jep y
Onp = ~0p Independent 1 = ‘ 1 ‘ei%’s _ 4 'y «—— Decay amplitude ratio
— of phase U p A Phase factor due to mixing
EO 7 convention $ / I

Time-dependent CP asymmetry: ~ Direct CPV' - Mixing-induced CPV

A ()= F(Eo(l‘)—>f)— F(Bo(t) —>f) —C%cos(Am t)+S\u'sm(Am t)

T (B0 f)+ (B0~ f _Cosh(Ar ) ( J

TD asymmetries of B’; decays do not
have the 421 term (AT, = 0)

Ag;’)(t) =-C, cos(Amd t) +S, sin(Amd t)
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b/9;

Remember:
a.p,y at BABAR and LHC experiments <=> ¢,,(,,9; at Belle and Belle II
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Measuring £ in b—c transitions
* The angle 3 can be experimentally accessed exploiting the interference between
B°-B° box diagram (phase 2B) and b—c decay amplitudes (no weak phase)
* Not all b—c decays are equivalent!

b= SIw b—cEs
BY s The golden modes
d

d KO
.V = Ve
a: t  :® _
_ b— - — ¢ pMo b—cud
BO w W BY + go W §<E No penguin pollution.
B 3 1 % d d  Benchmark for SM.
vV, Vo d dm,nw

b— 5 — gm b—ccd
BO 3 2 Constraints for
07 9
d

7T 2 .
0’ penguin pollution.

May 9, 2019




sin2 from B’—|[cc] K°
sin(2p) = sin(2¢,) FZ2

PRELIMINARY

BaBar E ! : 0.69 = 0.03 = 0.01
|_PRD 79 (20001072000 :
BaBar v, Ko E i 0.60+052=004=007
PRD 80'(3h08):112001 g —
BaBar JAp (hadronic) K., § 1,56 = 0.42 = 0.21
PRD 69 (2004):052001 ° | :
Belle ; § ; 0.67 = 0.02 = 0.01
PRL 108 (2012} 171802 ! :
ALEPH ! i | 0.84 9%2.0.16
PLB 492, 259 (2000) : T
OPAL i i E i 3.20 1550 = 050, |
EPJ C5, 379 (1998) : Pk
CDF § § oo 0.79 04
PRD 61, 072005 (2000) T
| LHCb i g a ; 0.76 = 0.03
Belle5S ! : B 057 = 0.58 = 0.06
PRL 108 (2012) 171801 ! 3 -
Average ! i : 0.70 = 0.02
HFLA : : |
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? * Sin2p is becoming a precision
measurement, even though
single measurement
uncertainties are still slightly

=4 dominated by statistics

BELLE

* New data from LHCb Run 3
and Belle II will lower the
overall uncertainty to <1°, at the
level of expected contamination

LEC]Q of penguin diagrams
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A closer look to b — ccs transitions

* Precision on sin2f} already less than 3%. Expected to go down to less
than 1% with the next LHC and Belle II data

o—— —¢
RO W“§<C A Leading tree diagram:
s Ko No complex phase in decay amplitude

d - d

= Suppressed SM pen.guin diagram: New Physics penguin diagrams
(1072 et:fects on sin23 could have a higher effect

—
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Set a SM reference from b — cud decays

b VZ’% ED(*)O b VLI% u D(*)O
W u " 71,% C
B° Y - BO ! -
d 30 d 10
d d d d
CKM-favared CKM-disfavored

e BY— DHO KO (10 =70 v,w) decays are mediated only by tree-level amplitudes
==> penguin-pollution free
e Theoretically clean [NPB 659, 321 (2003)]

» Allows to test the precision measurements in b — ccs decays
* Can provide a SM reference for sin2f3

« Experimental difficulties:
* If D — D_p: low branching fractions (both for B and D, decays)
« If D’ — Kgt*w : many intermediate states => Dalitz-plot analysis
* The time-dependent analysis is sensitive to both sin2 and cos28 [PLB 624, 1 (2005)]
* Low reconstruction efficiencies and large background

Perform time-dependent CP analysis combining BABAR and Belle
a sets. Overall ~1.1 ab™! =» 1240 x 10° BB events
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Combined BABAR-Belle analysis of B¢ — D *)0 j0

Apply similar selection on both data sets
Suppression of e*e” — gg continuum
events by a NN algorithm

and Neural Network

* A common signal DP model 1s applied
60

Signal extracted by a 3D fit to M, /Mg, AE

BaBR+Belle B° — [Kin*n]}) h® with BaBar+Belle B® — [Kir*n]\) h® with
| M) — Mypin-| < 150 MeV/c | Moy 1 Miazs| < T5MeV/c?
50 ] i
e - -t }
a o anpo (-1F=-1 Mixed event
Lo 40 —+'— (BOBD/B[)BO)
—
—~ 30
(%2}
4
c
g 2
L
10
>
°
E 1.0
E [~
o 0.5
© )
. 0.0 )
205 ! - %:
T-10 |
B -8-6-4-20 2 4 6 8-6-4-20 2 4 6
n At (ps) At (ps)

BY — D®A0 reconstructed modes:

D* — DxY; DV— Kt

hY modes : t—yy, oy,
n—mtn n, o—mwtand

Signal: BABAR 1129 + 48; Belle 1567 + 56

PRL 121 (2018) 261801
PRD 98 (2018) 112012

sin2f=0.80 = 0.14 = 0.06 + 0.03
cos2f=0.91+0.22 £ 0.09 + 0.07
P=¢=225+44+1.2+0.6)°

v" Observation of CP violation at 5.1 ¢
v" First evidence for cos28>0 (3.7 0)
v Direct exclusion of the 219 solution;

/2 - B=(68.1£0.7)° at 7.3 ©

—0.5

—1.0



Constraining the etfect of penguin pollution in b = ccs

* Penguin diagrams in b = ccs with different weak phase are doubly
Cabibbo-suppressed

* Penguin diagrams in b = ccd are of the same order as the tree diagram

= Use 2(,,=2[ + A2, measured in these decays, together with SU(3)
symmetry, to constrain size and phase shift due to penguin pollution in
favored b = cCs . §, ~ eA2f3, where e=A*/(1-A\?) ~0.053, is the P/T

Cabibbo-suppression factor B
C

b ~ = c I f,E,ﬁ c JAp
W~ C _ _
0 W+ 0 0
d d no’n’po’w B d d T ;Thp ,
Examples:

- By = JAp ab, JAp p° to constrain A2=A¢,; in By = JAp K® [Ciuchini et al,
PRL 95, 221804; Faller et al., PRD 79, 014030]

- By=JApatn and B, = JAp K** to constrain Ag, in B,— JAp ¢ [Faller et al,
PRD 79, 014005]

- Similar arguments hold for other charmonium states



D>

<> B? = JAp n0 at Belle |[PrRD9S (2018) 112008

A:::;'HIIIHII'”I”III“”_'Aso — 0
2 oof Signal: 330422 13 T By thyf g
2 «f BB bkgd iz SRV BT G0
S E ] 1 o© 0
S =t qq bkgd A Y.
2 4of = E,
] / \]é 8= (1.62 £ 0.11 £0.06) x 10
i : o Govien 28 5.29 £ G 0
) J/\anCPVSCCP%
2 S=-0.59+0.19+0.03 ‘ BaBar
- +0.04 =
S A=-0.1520.14"% et

* Evidence for
, ' mixing-induced
CPV (S#0 at 30)

* 4=—C consistent
with zero

-1 -0.8 -0.6 -0.4 -0.2 0

vl

Decay rate asymmetry

Contours give -2A(In L) = Ax” = 1, corresponding to 39.3% CL for 2 dof




Penguin decays
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_Penguin-dominated B decays

S
K
(0) 7 Cf (0)
d
B <u7‘[
u (0)
d = d T

* b — s penguin are very sensitive to NP
Contamination from tree diagrams (phase
v) Cabibbo and/or color suppressed

Within the SM, same weak phase as
b — ccs processes:
* ¢, ~0,8,, ~-n,sin2f

Observing S, # ), might indicate
presence of NP particles
Overall, good consistency between

averaged penguins and b — ccs CPV
* but not always straightforward to make
averages

sin(2B") = sin(20; ) [ELEH

PRELIMINARY
b—ccs  World Ayerage - . 0.70 + 0.02
%‘BEBaT v : —.-;.U.EEUJ/EU.U/“
= Belle : — 0.90 %515
% BaBar : § =l ¢ 0.57+0.08+0.02
~ ., Belle : {. . 0.68+0.07+0.03
*  BaBar : § —— 0.94 02} +0.06
< Belle s———f | 0.30+0.32+0.08
¥ ¥ BaBar : L. 0.55+0.20+0.03
N Belle : — 0.67+0.310.08
BaBar i———f 0.95 037 £0.06 +0.03
°o Belle : £ —0.64 ‘032 +0.09 +0.10
& BaBar : -~ ¢ 055'3%+0.02
8 Belle : : :0-91+0.32 +0.05
& BaBar : : 0.74 1012
~ Belle : : | 0.63 '35
f, Kg BaBar ; .0.52i0.06i0.10
fxgs BaBar : : .20 & 0.52 + 0.07 £ 0.07
k. BeBar— ; | 1-0.72+0.71+0.08
s Belle ; 0.92 *327 + 0.11
0 e K, BaBar ; : 0.97 *o%
nn K. NBaBar ! - 01+031+005+009
,ﬁ BaBar ! : . ! 0.65+0.12+0.03
< Belle : 0.76 214
b—qqs  Naive average H 0.66 + 0.03
-2 -1 0 1 2




D

> B’ = K nt’n0 at Belle [PrRD%9 019) 011102
« 770M BB pairs (3.4X BABAR dataset) 0
B 45 _ —+— q=+1
* Reconstruct Kq— mtn, 10— yy Y . 1
« ee — (qq background described with a as | T o=
likelthood based on event-shape variables é 30 f A
* Signal extraction via a 3D unbinned R
maximum likelihood fit to g of
* AE, M, qq-likelihood distributions S sl
10 f
e Signal yield: 146.7 + 23.6 events 5|
0

—_
o
o

N >

N 0

v | = 0.31

S 100} o §=-0.927 7 +0.11

5| =-0.15+0.2120.04

c 50 =

-] I o]

3 | ° Consistent with BABAR PRD 76 (2007) 071101
g.2 5.|22 5.24 5.26 5.I28 ;3 0 -02-01 0 01 0.2 §=-0.72+0.71 + 0.08

M, (GeVi/c?) AE (GeV) C=-A= 023+0.52+0.13



Charmless
B, = h*h
decays
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B’ = h*h™ and B’, = h*h"
® BY = ' provides the determination of the UT angle /¢, [prL 65 (1990) 3381]
® via the Gronau-London isospin relations with B® = 7%t and B* — st*n®

® BY = w*n” and B?, — K+K" related by U-spin symmetry
® The combined analysis of BF's and CP asymmetries allows for stringent constraints to
the CKM angle y and to the CP-violating phase -2, [PLB 459 (1999) 306, PLB 482
® Need to account for U-spin symmetry breaking effects (2000) 71, JHEP 10 (2012) 29]

KHCR TD analysis of B, — h*h™ by LHCb | PRD98 (2018) 032004

(DA 1
Use a data sample of 3.0 fb™ at 7 & 8 TeV from Runl

Selected candidates in mutually exclusive 7°7~, K*K~,and K*7* samples

Nb [ NQ.) - Nl.) :
= 800011 ﬂ > = C n
z 1 K LHCb e LHCb z 3000 || LHCb
2 6000 B'>K'n o B>t ) - KK Bs9K+K'
8 T ~94k 3 ~29k g 20001 ~37k
3 4000 — S 3
o] B ko) o]
S ook B >nK- 5 5 1000
© 2000 s O O
~TK
0 - e ) S N el ‘ 0 ,
5 52 54 56 58 5 52 54 56 58 5 52 54 56 58
my ., - [GeV/e] m_ .. _[GeV/c? My . - [GeV/c?]
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IL"!ﬁ[\a BY ;= h*h"and BOS = h*h™ [prDos (2018) 032004

CP asymmetries obtained by a simultaneous unbinned maximum likelihood fit
to the mw*n~, K*K™and K* 7+ distributions

Fitted TD CP asymmetries by tagging

= 05 BO—>J-E-:)J;E_ =015 BOQ_)EI:K_ » 05 BO_)>I,<O4;JT_
ggﬁ:mcb OS+ E gZ‘;:LHCb SS Zoitch  OS £ o LHCb SS | % wme oS £ 04 LHCD SS
oot oot 4).05_’_ -0.05 oot oab
CETOLEE T mE Y Y e TR T
0 o o
Ag p = —0.084 £ 0.004 £ 0.003 * Most precise single measurements.
0 * In agreement with previous
Ag% — 0.213+0.015+0.007 measurements and SM predictions
Cy — =—0.34 £0.06 +0.01 HFLAV 2017
g — 063 L005 L0.01 (C.rnsSrin) = (-0.31£0.05, -0.66+0.06)
ThTT T ‘ ’ ' (4B, 480s)= (-0.082+0.006, -0.26+0.04)
Cxir- = 0.20 £0.06 +0.02

* The significance for (Cyy, Sxx Axg) #

Sk+rk- = 0.18 £0.06 £0.02 (0,0,1) is ~40
AT * The addition of Run 2 data will provide
Agvg-=-079 £0.07 £0.10 the sensitivity for a discovery



¢, from B, = J/ip h*h”
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¢, from B, = JA ¢

* Measuring ¢, is the analogue of Mixing ¢m = 2arg (VipVes)  Decay ¢p = arg (Ve Vi)

the sin2 3 measurement. b Ve t Vi
* B, = JAp ¢ is the golden mode

B, 1%

*

4
¢=0¢,-2¢, ——Zarg( VtSth)—_zﬁs 5TV, 1 Ve b

cs cb

* SM values of ¢, strongly constrained 1.0
by other CKM measurements 2/5S =-36.97, mrad [CKMfitter]

P,
* Experimental determination much ¢ =—-21+31 mrad HFLAV 2018
less precise

IR

« B —JAp ¢ (and JAp K*K") is an
admixture of CP-even and CP-odd
final states, with a non-resonant
S-wave component

* ¢: CP+(4,t4)) + CP- (4 ;)
* S-wave: (4y)

=» Perform an angular analysis to

disentangle the various components

Helicity angles formalism y




<

ATLAS B = Jp o ATLAS-CONF-2019-009

EXPERIMENT

» Data set: 80.5 fb™! at 13 TeV (Run 2) R yepnnaaanans s .
* ~60fb7! of Run 2 data yet to be analyzed P ]
* Unbinned Maximum Likelihood fit to mass, proper S =
decay time, its uncertainty, tagging probability and Ok
transversity angles.
» Tagging power ¢,,,D*<1.65% i
* Extract: ¢, I';, AL, Agy Ay A T
> >—<‘1'q3'+""l"','I_""l""l""l""l """""" A 8 10E A Ae oy T T T °"f_
$ AR Do TR AR - Daa :
> N ---Signal ., i % 10° ---.Backgroun
£ wf RS N i
] C 7 o 10° — Prompt J/y § _0:
30:_ ~470k _: E‘%71 -08 06 -04 -02 0 0.2 0.4 %608088T1
C signal evts . e
20% . s [ alsrm o ]
o ' 2 - g
o - b bearat T ] b 111: o " 01— -
= 3E = = - B
£ 2 : < C ]
g ‘EEMI.[, o pdaii i ered 5 A L] e
-3 3 E s 9
5352553 535 54 545 55 555 56 O 4 6 8 10 12 14 3 COSYr
B, Mass [GeV] Proper Decay Time [ps] 49758 06 04 03 0 02 04 06 o.swsz;
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ﬁ[!?ﬁé BS - J /q) (I) ATLAS-CONF-2019-009

Fit results on Run 2

Parameter Value Statisti.cal System.atic z 014k A'IrLAS Prelimlinary I S and 8 T;V 021 | ]
uncerfainty | uncertainty o | \g_7'g and13TeV - 13TeV, 805" :
¢s[rad] —0.068 0.038 0.018 ool 68% CL contours — Combined 19.2 + 805 fb™" -
AT [ps'1 | 0067 | 0.005 0.002 _ — SMprediction
T,[ps~'] 0.669 0.001 0.001 ol e 1
1A (0)2 0.219 0.002 0.002 ;
Ao | 0517 | 0.001 0.004 0.08L :
A5 (0)]2 0.046 0.003 0.004 [
o, [rad] | 2.946 | 0.101 0.097 0.0l O i
&y [rad] 3.267 0.082 0.201
0, — 85 [rad] | —0.220 0.037 0.010 —0.4 02 0 0.2 O(z[ra d

Combination of ATLAS results (/s =7, 8 and 13 TeV):

¢s = —0.076 £ 0.034(stat) £ 0.019(syst) rad
AT = 0.068 £ 0.004(stat) & 0.003(syst) ps~*

* Uncertainties comparable to that of LHCb
- * Expect significant improvement with the inclusion
of the not yet analyzed Run 2 data sample
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LHCH
SUOAN

BS - J /’lP KK~ LHCB-PAPER-2019-013
® Dominated by resonant $— KK production.

® Analysis based on ~2fb™! Run 2 data (2015 and 2016 data)

® Improved tagging power w.r.t. previous Run 1 analyses: 4.7% vs 3.7%

® Fit TD distributions to measure ¢,, |\, AT, and T',-T,

L 18000 N - - T
= . ] Q _ + ]
% 16000 - ~117k signal evtsﬂ LHCb Preliminary — = 10000 - |.+ | ]
2 - ry > - o LHCb :
14000 E- E >~ [ | contribution | |+ | Prelimin _
v - —— Total E < 8000 HR ary ]
N [ 7 : B - 1 b
= 12000¢ . 1 S RN :
% 10000 — — Signal ~ S 6000 A A ]
S 3 E g - Tl
S 8000; ---- Background S 4000 | Pl | ]
3 c000F E 3 Dk ;
S 4000 J E S 2000 I ":I I I'-.. | .
(] - ] B o e, 1
= 0¥L‘ﬁ & Or--.-—-.-—-.'T.’.|||. A0
5200 5300 5400 5500 1000 1020 1040

m(J/ wK*K~) [MeV/c?] m(K*K~) [MeV/c?]

* Very low background and high statistics
P eaklng Ay— JAp pK™ background

simulation and subtracted
Fabio Anulli - TD CP Violation in B decay — i ' May 9, 2019

* Data analyzed in 6 bins of myy,
including the ¢-resonance pez




LHCD
\ )

B g — J /'lp K+K_ LHCB-PAPER-2019-013

Simultaneous fit to the decay time and the three helicity angle
distributions, in the 6 my intervals

z 10 g M0p————— T ] Igoe () = T'go_¢ (D) ] .

<+ S ook LHCb Acp(t) = ~ sin(¢,) sin(Amgt)
2 5o . Prlminary o (O + Igor ()

S SR = N e

E 102E % 800 - + b 3 b(),()5: ——— T T3

= o @ . -~ T ] = E o E

'-S_" 10 ; L 600 ;/// \\\ﬂ/// \\\_: o 004F LHCb Preliminary 3
RN 2 ok E £ 003 =
Y E : > 0.02 3

107! E
Decay time [ps] 2 001F _E
5 MO 3 L0 §-0.023— —t E
S E ] = E 3
: 1200 LHCb J 2= 1200 _ = =
= : P 3 : 0.03 3
2 1000F 4 2 1000F -0.04F 3
-§ 800 g ——— é S0 - B S RS R R
2 u - T~< 1 2 C \ / ] : : -
g op o~ S~ ] § oo \\\ s g (-0.3) modulo 27/ Am [ps]
0BT e I <zl E
00f T 1w 7 .41 Total fit CP-odd
L= S s RO SRR Sy et v 1 Tl e '/-T'-.'-'._‘._‘T‘_."'._'u_'_.‘_["."T'_u'_.'_'l_‘._'_.'-'.-?.)\:
o 05 0 05 1 o) 05 0 05 1 CP-even
cosB cos By

5% = —0.083 4 0.041 4 0.006 [rad]
Al = 1.012 £ 0.016 £ 0.006

Presented by Emmy Gabriel I, — [y = —0.0041 & 0.0024 & 0.0015 [ps ']
yesterday at parallel session

e All results consistent with the SM

AT = —0.0772 % 0.0077 = 0.0026 [ps ]




LHCD
\ )

B. = JAp "

arX1v:1903.05530

* m'm in S-wave (mainly £,(980) —m*n™) => J/Ap only longitudinally polarized
=>» Jhprt entirely CP-odd (contamination of CP-even measured to be <2.3% at

95%C.L.).

* Nevertheless the full angular analysis is performed allowing for a CP-even component
* Analysis based on ~2fb~! Run 2 data (2015 and 2016 data)
* Improved tagging power w.r.t. previous Run 1 analyses: 5.1% vs 3.9%

Reconstructed m(J/Ap mwtm™) distribution
9000F "~ T T~ T .~ T T T T T T T
< 8000

(5] — — B> Jiynnm

=== RS data and fit

------- B> Jlynn

< vemnnen Physics background
== Combinatorial background

—=o:: = WS data and fit

~33k signal evts

ao i,

I \L '® I o'
5400

‘ SSIOO I

m(J/yrr) [MeV]
Fit to the decay time, the
three helicity angles and

m__distributions

I—

" LHCb 4

Y T T T T T
> ‘ -++ £(980)
é) L —e— Data and fit — f0(1500)
10° 71790
e N/ — £,1270)
\\'/ C JU JU , — £'(1525)
%) - 0]
10 \ I!: | I | ,,,,,,,, / .................

I'li|l """"" /

| | 7

L /

1 | LA T ey R | EEA J L 1 1 L
05 1 £

Results from fit to Run2 data
@gés = —0.057 £ 0.060 £ 0.011 [rad]
IA| = 1.01F0 58 £0.03
Ty — g = —0.050 £ 0.004 & 0.004 [ps ]




¢, current status

Combinations of available measurements

I YO I O

ATLAS [1] -0.076 = 0.034 £ 0.019 0.068 % 0.004 % 0.03
LHCb [2] -0.040 £ 0.025 0.081 £ 0.005
New HFLAV aver.  -0.054 + 0.021 0.0762 + 0.0033

[1] ATLAS-CONF-2019-009; [2] Moriond QCD talk by Andrea Contu

Spring 2019 status: New HFLAV average

41]

 Significant improvement after the

HFLAV

2 0.14 _
f; DO 8 fb 168/ latest ATLAS and LHCD results
% contours
- (Alog £ = 1.15) * Overall consistency among
CMS 19.7 fb ! measurements

* ¢, average 1s ~20 away from zero
* (Consistent with constraints from
CKM measurements

0.10
CDF 9.6 fb!

0.08 Combined

Lots of data from LHC Run

e
¢ [rad]
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Penguin-dominated decays
B, =1V
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LHCD B, = ¢ LHCb-PAPER-2019-019

WINE? ® Forbidden at tree level
5 : , S ® Proceeds mainly via gluon penguin b — sss
Vao . ML s ® ® Mixing and decay phase are expected to
AN
B; cancel = ¢ =0
5 ® UL from QCD factorization: ‘(i’fs‘ <0.02rad
s s ¢ [arXiv:0810.0249, PRDSO (2009) 114026]

Reconstructed mass distribution

® Based on 5 fb™! of data taken in Runl and 2

® Update of previous measurement based on
3fb~! of Runl only

® Reconstruction of a 4-kaon vertex consistent
with a ¢ decay

Pull

LHCD Preliminary

Background removed with a MLP function
Peaking bkg A, — ¢pK™ estimated from data
Fitted signal: 8481+101 events

Search also for B decay:
® BB’ = ¢p) <2.4x 10 at 90% C.L. 107l

Candidates / (9 MeV/c?)

5200 5300 5400 5500

—— M(K*K K*K) [MeV/c?]
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rLHCH
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Angular analysis in helicity basis to disentangle the different CP components

=)
2

' T
8 E LHCb Preliminary

10°

Candidates / (0.4850 ps)

Total fit CP-odd
CP-even S wave

P Y e"lmi“ary

® Precision improved w.r.t. previous
LHCDb measurement, but still largely
IA| = —0.99 £0.05 £ 0.01 dominated by statistical uncertainty

5% = —0.073 £ 0.115 £ 0.027 [rad]

¢ Additional search with triple b
asymmetries shows no CP violation

Presented by Emmy Gabriel
yesterday at parallel session
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Prospects for the future
® LHCb and Belle II will be the major player in B physics in the coming years

LHCb Belle 11
Raise operational Luminosity in Run 3 to |« Physics reach complementary to LHCb
2x10%cm?s! (5x higher than Run 2) « Commissioning run (~500 pb™') in 2018, with
* Significant detector upgrade no vertex detector (VXD)
« Move to a full sofware trigger to * Physics run with VXD started in 2019

 Expect 10 fb-! by end 0of 2019 and ~500 fb-!
by of 2020
* Running time limited by available budget

improve the collection of hadronic modes

Sensitivity on ¢, with integrated luminosity

Long term projection for sin23 in B — JApK°

=
£ 0.151 Run2  pun3 LHCb , N ,
——— 0 1_ ' %, : l l l T T ] | I E | 5 FL N | = B L [ T ]
3 ' 8 0,025 twcriroreirsne o SOHEM.... Pr0JOCtiON (FED 2019)...... T
3 . p S ' : : ; N
b 0.051 N v g : : ‘ : ]
2 ) 0
!!I) 0 02 SRTE SNESCIINC WA SO, WL, T b “._"]\/wK ............................. —
X . > =
v =
0.01 g 0L o e e, St peE S S S o s |
-
x  By— J/Yo x X o EIEHEIETE : N
] . : :
. BS —) ¢¢ . L . —y — )
arXiv:1808.08865 r 70A>dataY(4S) NO PXD SHUTDOWN ;
v B K'nm K at : : - —e— 70% data Y(4S), 2018 PROJ 9 MONTHS/YR i
, 0.005 _e— 70% data Y(4S), 2019 NOMINAL - R
. . - : -+ 70% data Y(4S), 2019 NOMINAL improved K _ »
5 23 300 .- LHCb estimate | | J
O |

2017 2018 2019 2020 2021 2022 2023 2024

Year
Courtesy by A. Gaz May 9, 2019
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Prospects for the future
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See talks on Friday session on future of

B- phy31cs for a detail

e T T s

. Signiﬁcant detector upgrade

* Move toa full sofware trigger to

Silvia Gambetta

1Mproy

Sensitivity on ¢, with integrated luminosity

lronic modes

< (0.151
0.11

% 0.051

—
3
u
M
-

0.01

X

v

Run 2

Run 3 LHCb
\4
By — J/v¢ x
By — ¢¢
B> K'n K nt
5 23 300
Integrated Luminosity [fb=?]

) LHCb
ed discussion DR
no vertex detector (VXD)

* Physics run with VXD started in 2019

* Expect *° 7 ' ' 777 % and ~500 fb'!
by of 2 Hulya Atmacan

* Running time limited by available budget

Long term projection for sin23 in B — JApK°
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& 0.025 Belle Il Projection (Feb 2019)
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5 : ;
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w 001

\\A
70% data Y(4S), NO PXD SHUTDOWN  ®————=—— —
o 70% data Y(4S), 2018 PROJ 9 MONTHS/YR
0.005 o 70% data Y(4S), 2019 NOMINAL
70% data Y(4S), 2019 NOMINAL improved K
- LHCb estimate

g 2017 2018 2019 2020 2021 2022 2023 2024

Year
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Summary

TD analyses continue to be an important tools to study CP violation
and test the SM

The advent of LHC experiments (primary LHCb) opened the door
to the systematic study of the B, system

The first-generation B factories are still competitive in the
measurement of CP asymmetries within the BY system

Belle II will join this effort soon

The uncertainty on sin2f from b—ccs decays 1s 0.02
® almost at the level to see effects from SM (and possibly NP) penguin diagrams

The precision on ¢, 1s rapidly improving thanks to the many new
measurements of B, decays

All measurements shown today are (largely) statistically limited
==> We need data, and then ... more data!
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TD measurements techniques

B, partially reconstructed
K flavor tagging eD?= 30%

)------...---" ) f_ // Mes = \/E*2 - P

= beam
lllllllllllllllll.ll.. g AE = EB_Ebea'm

*l

52

At = Az/<Byc>
Az~250um BABAR I e
Az~200um Belle BY, fully reconstructed . %,
Az~130um Belle Il Flavour or CP eigenstate " . .. . ./

. K+ _BS00f T T T TS
Same Side (SS) L soof BO— JKs  LHCh
f ¢ . \0(0 > K- Fu11y % 22$_ :zfglfg;roundé
avor taggein = g E
; 44 go reconstructe g oo}
—~ _ = 1000f
eD 1.5-5% d B’ or B, 2 o0 b G N
’ 0" 52;0 ;2:50 52I80 5310:] 53]20
proton Primary vertex™.Opposite B proton  Vertex-charge e
tagger from YN B - UK LHCD
inclusive vertex PR °
Opposite kaon % 25
tagger g1k
;E 10 £
. . Negative lepton “ 1—
Op_posfte Side (OS) taggers (e-,u") Positive leptons s w1

from b-quark from b-c-l cascade



The CKM picture

Summer 2018 global CKM fits by the CKMfitter collaboration,

15 L L | LN L L B BRI 0.10 L hnlsctl oﬁ'
i Iexdudeduealmeoss % : | excluded area > i
- LY i i
o ' &Amg )
- 0.05 _
05 gy , 4 _- |
- ( ‘ Amd n -

‘. \ n a
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Gt —— b \ n . ]
-0.5 B — ! ____ S
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- i si

-1.0 & | 3
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sin2f3 from b—>[cc]s
* BABAR and Belle established CPV in the B system, and brought the precision of
the measurements of sin2f3 down to 3% (0<1°)

HH
~~
o
o
|

b 2
cz,- 400~ B tags n=-1 E _ @ 250}
£ 200 - E 200}
a ] = PR = i
g sl T OF ¢ I 1505
E 020 = & 100F
7 0 E A ';.»: E
E 02 = o th® N >0 :
i-0.4 = - o ‘ R
2> E 5 osf 5 o6
2200 —; g 0.4f . ~|s+ E, 0.4}
£ 100 s @ 0.2% / #\ﬂw @ 0.2}
Li = 0 J 0:
£ 04t E 0.2 \h} g/,{ 0.2
g 0.2: [ F
7 o 0.4f #4714 0.4f
5 _0.2; -0.6 " 0.6 !
04E 6 4 20 2 46 '
At (ps)
BABAR, PRD 79, 072009 (2009) Belle, PRL 108, 171802 (2012)
S =0.687 +0.028 = 0.012 S= 0.667=+0.023 +£0.012

C=0.024 £0.020 = 0.016 C= -0.006 +0.016 +0.012



LHCH

M8  sin2f from B'—[cC] K by LHCb

* Measured asymmetry

04r¢

-0.3 —PRL 115 031601 (2015)
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£ 03 B0 — JAp— W LiCh 1 °
g 02:— =
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= _01F ﬁk}j N
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2 —02E E
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95}

Runl data set of 3.1 fb'l.

Reconstruct JAp—utu~ [PRL115,031601], and
JAp—ete” and Y(2S)—utu” [JHEP11, 170]

Reconstruct Kg — sttm”

Excellent resolution on proper-time measurement (~60 £s)
Effective tagging efficiency from 3 to 6%.

—0.4F
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0.4 T :
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0.2 [ Combintion PRD 807%0&) 112001 | i
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Belle 11

K, and muon detector:

Resistive plate counter (barrel outer), plastic
scintillator + WLS fiber + SiPM (endcap and

= i 0 bari el layers)

MU
EM Calorimete
crystals, waveform sa \\\i ing

mpling
LTI —

cle identification:
e-of-Propagation counter (barrel)
X. focusing Aerogel RICH (forward)

electrons (7 GeV

r Beryllium beam

\ pipe (2 cm diameter) ,«ff':'ff;:j 7 /’
r /////////
Vertex Detector ( /, /////
SVD

)
: 9
. pixel (PXD) + 4-layer strip SV

b
A

/1

{,

\ \"

Central Drift Chambe
He(50%)+C2Hs(50%), small cells, T
lever arm, fast electronics

: 4 positrons (4 GeV)
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Belle 11

® LHCDb and Belle II will be the major player in B physics in the coming years

* SuperKEKB target luminosity: 8x10°*3cm2s-!, with nano-beam scheme

* Major improvement w.r.t. the original Belle detector

* Physics reach complementary to LHCb

* Phase 2 (2018): beam commissioning and first physics studies with no vertex detector
~500 pb-! collected.

. ) . . Integrated Lumi Target
Phase 3 from 2019 on: Physics run with vertex. e e SUmmer 2019
« Expect 10 fb"! by end of 2019 Medium Term 8

* Complete installation of Vertex Detector in 2020 [ onger Term

* Running time per year limited by available budget

~BABAR data set

PI‘OJCCthH for s1n2/3 in J/q)K0 and pengum q)KO modes
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LHCDb upgrade

® LHCDb and Belle II will be the major player in B physics in the coming years

Raise operational Luminosity in Run3 to 2x1033cms"!
 Significant detector upgrade (mainly tracking and vertexing, and electronics)

* Move to a trigger-less readout (i.e. full sofware trigger) to improve the collection of
hadronic modes

Sensitivity on ¢, with integrated

Particle ID . .
Replace | e — lum1nos1ty
HPDs + alorimeters Muon = Rii? Rum3
electronics Reduce PMT gain | new electronics £ 0'15: . LHCb
New 7 + new electronics : - 0.1 v
ECAL\HCAL we M5\ \ b 0.051 v
SPD/PS M3 PR % | x
RICH2 M2
28 X .
v
: 1 < B Jus .
B, — ¢¢
B v B> Ktnm Kt
% e I &_I; AN 5 23 300
— / Integrated Luminosity [fb™!]

+ trigger-less
readout system

New Tracking stations

—

—
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