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9c?u
|M12|,

I'12| and ¢ = arg(—M;,/I'15) can be related to three observables:

m Mass difference: AM = My — M ~ 2|M5| (off-shell)
M| - heavy internal particles: t, SUSY, ...

m Decay rate difference: Al' :=1'; — 'y = 2|I'13| cos ¢ (on-shell)
II'1o| - light internal particles: u, c, ... (almost) no NP!!!

B Flavor specific/semi-leptonic CP asymmetries: €.9. B, — X[v (semi-leptonic)

A = Afs — Sind)

- T(By(t) = f) +T(By(t) = f)

_ T(Bg(t) = f) —T(By(t) = f) _ ' [

m New physics , . A
M, = MipV|Agles

s B 8.SM| X | id>
F12 — F12 |A8|e¢’9

_2;83 4 5§eng,8h'l N ¢§és _ _2,83 + 5§eng,SM + 5§eng,NP 4+ 4)?
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m Decay rate difference: Second OPE = Heavy Quark Expansion (HQE)

Ty = (%)B(FgO) + Z—;rgl) L ) - (%)4(1“510) . ) = (mib) S(Fg)) i« ) +

’96: Beneke, Buchalla; ’98: Beneke, Buchalla, Greub, A.L., Nierste;

’03: Beneke, Buchalla, A.L., Nierste; ’03: Ciuchini, Franco, Lubicz, Mescia, Tarantino;
’06; ’11: A.L., Nierste; 07 Badin, Gabianni,Petrov

Calculating the following diagrams

pu el i@t
PG e 4

Finally AT’ is measured! E.g. from B, — J/v¢
LHCb Moriond 2012, 2013; ATLAS; CDF; DO; CMS

ATSM = (0.087 £0.021)ps™' | A.L.Nierste 1102.4274
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(Almost) all discrepancies disappeared:

m '12: p201PDG — 190 +0.06 vs. np™ = 1.23 + 0.08 Krinner, A.L., Rauh 1305.5390

B HFAG '03 74, = 1.229 + 0.080 pS_1 — HFAG 14 15, = 1.451 £0.013 pS_1
Shift by 2.80'!

B HFAG 2014: 75, /T, = 0.995 + 0.006

m 2010/2011: dimuon asymmetry too large — Test I'12 with AT',!
ex

Theory arguments for HQE

= calculate corrections in all possible “directions”, to test convergence

2B A0 0 ] L (00ks ok
= 012 ps (011 606 ({9

= test reliability of HQE via lifetimes (no NP effects expected)
= 7(B™)/7(Bg) experiment and theory agree within hadronic uncertainties




Search for New Physics in B-Mixing
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ImA,

Search for New Physics in B-Mixing

ImA,

[ auchudod area has CL> 0.68 |

—
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(Almost) all discrepancies disappeared:

m '12: p2011PDG — 190 4+ 0.06 vs. ng™ = 1.23 + 0.08 Krinner, A.L., Rauh 1305.5390

m HFAG 03 TA, = 1.22 N 1.451 +0.013 [Z)S_1
&
%\,@

B HFAG 2014: 7B, /7B, [

m 2010/2011: dimuon & h Al',!
KEEP =
= calculetz corresiions CALM onvergence
AND

B SAY
= test reliability of HQE ed)
= 7(B™")/71(Bg) exps G O O D BY E dronic uncertainties

= looks ok!




New physics in AT';? A class of (almost) invisible decays

. b — drT can enhance Al
Enhancement via -

m Violations of CKM duality
B New (almost unconstrained) bd7T7 operators
m New physics in current-current operators ¢); and @)-

Al /ATSM vs. direct bounds on b — dr7 transitions

10 Byt | 7
o p/ Alex
. _ .
7L (ST B_;xd‘r""r .0"

menm B* o qtrir 4
51\ J 4

AT, / ATGM| v

2.x10°® 0.00001 0.0001 0.001 001

m Search for NP
¢+ No huge effects seen, but still some sizable space left
Test: AFd, B — XTT, T(Bs1)()/T(Bd), Qgl, R, 01,2...



Lifetime measurements in B decays at LHCDb

Different b species have distinct lifetimes = light quark(s) cannot be ignored.
Difficult interplay between weak and strong forces!

Predictions made from series expansion

— | Heavy Quark Expansion (HQE)

P =Ty + A2, + A2
°+m,2,2+mg3+

Decay time Resolution Acceptance

* decay of a free heavy b-quark: Tgo ~ Ta+ ~ Tgg ~ TAQ

* gseparation between mesons and baryons: T ~To ~Teo > T
P ry B+ ~ Tgy ~ T A

* spectator quark/s involved: Tg+ > Tgo ~ T > T A9

Distribution = .e%‘ ® Res(t, 1’ )] - Acc(t)
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- LHCb MC

_~— Generxted value

y Reconstruction

T corrected

o uncorrected
Trigger
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HEHH L
VED Re Iams +

ww Lrigger
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S o a2 o ol B +
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-l
*
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-
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. [MeVie')

Lifetime Value [ps] World average 2013 [ps] £1m
TB+_3J/ K+ 1.637 4 0.004 + 0.003 1.641 1 0.008 @
Tgo_sy/pk+(8e2)0  1.524 £ 0.006 + 0.004 1.519 4 0.007 14
TB0 30/ K 1.499 4 0.013 £ 0.005 1.519 4 0.007 L4
TAY 50/ pA 1.415 4 0.027 + 0.006 1.429 1 0.024 -
TB0 50/ b 1.480 4+ 0.011 £ 0.005 1.429 1 0.088 -
@ 10‘E 2.
I, 5 s e
s | P o 10 LHCb
7 10 N.iz = 50233 + 331
1" -* 3
3 ' E e e
. 15 7"-"1":':" . §
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Niig = 21058 + 245
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Candidates / ( 10 MeV/e?)
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6100 - (;Zmi : 6300
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Tz = 1.55105 £ 0.03 ps

+0.26



CP violating phase ¢

Mixing induced CPV phase:
g‘)s = ¢)M —_ 2(;/)0 o / " P
B, W <s !
Theoretical uncertainty on ¢s is mainly '
due to unknown penguin contributions

Ade e
OM = —20s + APE™ B *}
3 VisVib \ _ ]/lph+h_
~2fs = 2arg(yy%) = —0.0363 £ 0.0013 ¢M\ /
J. Charles et al. (CKMfitier group), LHCh, P. R. D 84, 033005 (2011) —0 _¢
New Physics (NP) processes can Bs g
modify the value of ¢, if new particles -
contribute to box diagrams: b § teu
Pe™ = —2Bs + DS + 0™ Bl W
—we should estimate A¢% * s S teu
- -
Saont S e
2F E
2F
Umoo:— 3
0o 0.05 010‘ i
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L és = 0.07 =+ 0.09 (stat) + 0.01 (syst)
] s s = 0.663 + 0.005 (stat) + 0.006 (syst)
%, . Alrs = 0.100 + 0.016 (stat) + 0.003 (syst)
o) »

27 617 B2 — Jpho candidates

C.ﬁd.n._t_)m
N EEEEEER

:v_ [rad]

.................

Decay time and decay angles. Red: CP-even, green: A "'"sm eI
CP-odd, purple: S-wave m(J/yK'K) [MeV/c’)

update with 3 fb~! is ongoing!

e B2 — Jppm—mtonly. No direct CP-violation (|A| = 1)
¢s = 0.075 + 0.067 (stat) + 0.008 (syst)

4] - w 2o N -
S £ o 2mE o o
‘alm gm = :mof- . 4
a"’ — ! § leof . e
1xof-
= N E- 7 imo}-
© w : L S
wobe 4w wf
- s of 0
0
1 os o 03 e
cos B

@ Preliminary combination of 3 fb=! B — Jayr— =t with 1 fb~!
Bg—» JWWK— K™

% ¢s = 0.070 1:5 0.054 + 0.011




Borissov

- o,
= 10%E —— Total Fit 3
S F s Lo Yo ]
> i B, Signal
‘g . :’2?‘ g?jkgrguar;g ound
100 [\ 77 g roun B
it 3 ; ATLAS ]
o v 18 =7 TeV N
i i J.Ldt-at.gib" ——————————————————————————————————————————
102 i 2 N - N | I g
I ¥ 3 g 0.14+ AI, constrained to >0 —68% C.L. -
-k . — - -~ 90% C.L. )
i | @ - ATLAS ++ 95% C.L. )
10¢ x: E é 0-12f \s=7TeV % Standard Model
& i J' Ldt= 49 b’ AT, = 2J;lcos(0 )
f 0.1 -
e 3 - . -
[ 2 - . E
8 (; B s~ 7
-3 L
4 . . R . . - [ S -
2 0 2 4 6 8 10 12 - e
Bipmger Oeca‘ﬂmclgsl 0-06? : !: —:
0.04- : .
Jiyp Bl N ]
¢ =0.12+0.25 (stat) £ 0.11 (syst) 0.021 ; -
AI-.; = 0.053 i 0.021 (Stat) i 0-009 (SYSt) 0'— 1 1 1 1 I 1 11 1 1 ;..[’-1. L:-f'l".l‘.l l 1 11 l I . \
_ 15 4 05 0 05 1 1.
— 40% 1mmprovement of the ¢/v? ¥ [rad
precision compared to our previous :
result

* Because of adding flavour tagging in
the analysis

ner-»
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Everts / ( 0.0005 om )
q

=
X

Projections

i .A.ql-.—i
B 1S R R AN R

B, proper decay length [cm]

L CMIS. Prelissinary . Dew p
- — P& o
St Tov L0 ' Lo n
" Pacagrmesd 14
E
- ‘ 5 l)o'L
i ] E
. . 600}~
. K 400'L
o
{ ol

| FYWS PIFVS PV TS PP PP FPTS PR P L PPN PUTN PRV PR PR TR T
1 98 00 0402 0 02 04 08 08 08 08 0402 0 02 04 085 08

coet, ooy,

W

CMS 2012 data (20 fb—') results:

— —0.034+0.11 4+ 0.03 rad
Al's = 0.096 4 0.014 + 0.007 ps—1

Al's confirmed to be non-zero

Measurement precision still dominated
by statistical uncertainty
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4> Standard Model
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Relative size special topology:

A’

A —id 1 N,ERb—.. ~
Ah — %A—: = —@ I9s | e K A(rc)+A£)c) /

35

3.0+
25+
2,04
sk o
104

NE
r 05k -,’r

| P H! 96% CLoxdl. |”
2Im(\n) _ | B A el A
Sy = TRWE =npV 1 — Chsin(ds + Adp) foreachh € {|[, L, 0, S} 2:):1 :j::: / -

90 =75 ~60 -45 ~30 =15 O 15 30 45 60 IS5 W
w [deg]

e Treat uncertainties in Bs — (J/v' ss)|. 1 0.s separately
— can control with flavour symmetry related modes
— eventually full SU(3) fit including breaking corrections

e Suitability of /,(980) for precision ¢ extractions debatable
— tetraquark picture still compatable with data
— unique tetraquark dynamics give sizable uncertainty

e Average ¢s + A¢y results carefully
17



S) K A
Ry S(B— f)=sin(¢+A¢) | S

% w\@““’iﬁ% ¢

b, o s B /iKY | dg= 25
R, 00Ty : :
200008 B — J/vo | ¢ps= —2Bs

@ Exploit the heaviness of the J/v mass my, = 3.1 GeV > Aqcp
@ Factorization of hard and soft scales

@ 1/N; expansion

S

/ Qs\ Our preliminary results:
q° ~ mg
|Adg| < 0.56°+0.02°
' |AgS| < 0.75°+0.09° for A,
* @ OPE gives a limit for the size of the penguin pollution.

@ No long-distance enhanced up quark penguins

Upper bound of the
penguin pollution can be calculated !

18




”g\ Never forget about the penguins

1 BR(B2— JK™) = (4.4795 £ 0.8) x 1075
fi = 0.50 + 0.08 = 0.02
fi = 0.197210 1 0.02

T T rrm T rr

Candidates / (6 MeV/c?
L

L)
el [
j )
o ,
'R H .. |
1 4 tteeen., .u ' | ”l ’
.y I
{ .LI e |.v.|..l|| L (T
\ I eI (LA

0 2400 M\Vflx eV/ed ;§; 1 °’k . e
2 ol me
g 10°r s: .uvvx°'x
BR(BS — J/bK?) = (1.97 £0.23) x 1075 2 f
7" — 1,75 + 0.12(stat)+0.07(syst) ps i

5200 5300 5400 5500
m'” K° [MeVIc’]
¥l

B(B" - Jhy K "K*x%) (11 £ 5(stat) = 3(syst) = 1(PDG)) x 1078,

-~ < 21 x107% at 90% CL,
> < 24x 107 at 95% CL,
= B(B" = JWK'K*K™) = (20.2 4 4.3(stat) & 1.7 (syst) £ 0.8(PDG)) x 107¢,
g B(B® = JWE ntn™) = (2.4 % 1.4(stat) £ 0.8 (syst) £ 0.1(£,/fa) £ 0.1(PDG)) x 1073,
- < 4.4 x107° at 90% CL,
E,_ : < 50 x 1075 at 95% CL,
T B(B® = Jhy K°K*x¥) = (91 % 6 (stat) + 6(syst) = 3(£./f) & 3(PDG)) x 1075,
TR S;m B(B" - JWEK'K*K~™) = (5% 9(stat) £ 2(syst) & 1(£,//0) % 1076,
mJ/ yK#*# ) [MeVic?) < 12x10°%at 90% CL,
< 14 x107% at 95% CL,
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Symmetry analysis = Data-driven approach:
Fit SU(3)r matrix elements to the data

1st Rule: 20~ Tension
[(8° - D;D*) =T(B~ — D; D°)(1 +0(5"))

Theory: BR(B~ — D;D°)/BR(B° —» D;D*) ~ 1.08 (including 5 p)
Experiment: BR(B~ — D;D°)/BR(B° —» D;D*) = 1.22 + 0.07 [LHCD 2013]

>

Predictions (not post-dictions) of CP asymmetries using global Fit

[ung Schacht 2014

| 003t
002f
o~ :Q‘,, oo01f
4+ = 8
Q | = :
| .
S ? acol
T S [
h; '
E é ~0.01
< @ ¢, fixed to SM value.
) —002} o Line: Sep = siné,.
@ Red: Standard counting.
~003f @ Blue: Enhanced
[ penguins.
— — . —a @ Light: HFAG inpult.
-0.02 -0.01 0.00 001 0.02 Scp(B. = D= D¥) e Dark: BaBar input.
— b )
Acp(B° - D; D*) Y e Outside of blue (red): NP
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¢s from DD

DS ”
u,ct

b g
- - C Bg
B} D}
E3 - - £ s —-- -

A $ A A #,S
r(t) = Ne 't [cosh (AI’S t) _ 2lAlcos s

2 1+ AP

) Al .
snnh( > t)

1—|\? o 2|Alsingg . A
T e E
2

o PP o [ (ATes)  2Mcoso, (AT,

F(f) = |2 : -

(t) 'q Ne [cosh( 5t TP sinh 5t
1—|AS A 2| Alsinds A
— 1+ |/\|2 COS(AmSt)+T|/\|2 Sln(Amst) ;

21
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Candidates / (0.1 ps)

Pull

Q)
s
2
g
2
S
B
O

—3

500 "= ' l ﬁ—) D!D, -
i B-D KK'H
6001~ B.-»D;D, |
- BE-»D'D, ]
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3345+ 62 BY— DD

$500
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¢s from DD

[ | | | T
g 1E - = guE
= 1op E 5 L ary -
< 14F = s nf e 3
] - - 10F 3
on 12F E Y :
S 10F =
- - 4F =
T sE =
6F ] % B T TR
= = o
4F =
E LH(IP.b ) =
_E Preliminary = . 4+0.18 (_ i
0B — |A| =0.91 75 (stat) = 0.02 (syst)
6, lrad]
¢s = 0.02 + 0.17 (stat) + 0.02 (syst) rad,
Unofficial, courtesy of O. Leroy SM
'§ 24 = DO, JAyKK 8 fb™! : - T
= %20 E CDF, J/yKK 9.6 fb" ; . —
2 18 _§ ATLAS, J/yKK 4,9 b —
- 16 = CMS, J/woKK 20 b b
éo 14 E LHCb, JiyKK 1 fb”! —
<] i% E LHCb, J/yzx 3 b é [—
g = LHCb, D,D, 3 b
6 —; Nam‘DW 1 1 1 PR T Y PR Y .i'l*._i..l. PR Y
45 LHCb = 4 08 06 04 02 0 02 o4
2 preliminary E 65 [rad]
O . . D l . l n . . . 2 l
[rad]

¢s = 0.02 + 0.17 (stat) + 0.02 (syst) rad ¢5 22



Stefan
Conor

<)

™

Acp (Eg —D

-0.2 - 0.1 0.0 0.1 0.2

Scp(ﬁg — D:Dg)

Motivation for the Upgrade. .

ey '5 ot = -_., ’..‘._ 2 l \
W4 ONE DOLLAR e —

23



Looking at the whole picture

Lm O .25 .l‘.. > : L l T1Irrra "/‘ .'."-':“""'"'/'fH L L [ Tiryrrrirh 1-
<] EEEEEEN L / ]
LN LHCb -
0.2 ettt ettt ) // —
A - /:;::::;;// 4 i
- S R/ |
- N\ R ] -
015 § [ B,—Jiyf
- ), N B,—KK -
N V = _ B,—D.D, :
0.1 _—// \ B.—sDt
% S BUWKK ]
i !’ B Combination 7|
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| | |
T brezizeed -
I8 froziz R ]
- I'. - b ‘.ﬂ 111111111
%6 0.65 0.7 0.75 08

0.20f

68% CL regions
AIogL—1 15 ]

....................
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)\"~~‘~~~ Egs ‘/\7 ]3((1)s [\4<ix E((l)s ___;—‘;—L;X
/1,—/ Y
7002
[(B(s — Blyy = u~X) #T(B(y) — Bly) = = X) "
ab Np(ptpt) — Np(p—p™) m
Ny (utpt) + Ny(pp) -

« DO,9%0Mm"
W D
o .
e \ | .SM
) \\
68% and 95% C.L. nﬁom\ \

are obtained from ::
the measurements with X
IP selections
0.04 -0.02 0.02

A% = (—0.787 4+ 0.172(stat) + 0. 093(syst)) %

S
DG, 104" Blue | .
independent analysis DO,104 b (a)
ay, AllIP - SM
a., AllIP -+—
ay,, 1P=1 e o ‘
IP=> 4 acp 1P=1 — e
“the acp TP=2 —
g 1P=3 |‘ | - Raw asymmetry .
- 2 ! a., IP=3 - |
lllllll I 1 ] 1 1 I 1 Cp
0 0.5 1 S BT B B
Asymmetry (%) -0.6 -0.4 -0.2 0

Asymmetry (%‘
‘Acp =(-0.235 £ 0.064 + 0.055)% \

3.60 deviation from SM




+7002 —
07002 —— 1y - 1
¥ DO,104 " ‘ DO, 104 b
AT /T, = 0.0042 . AT, = 0.0150
 (SM, =0.0008) (WA, £0.0180)
0+ - or ]
0027 Gandard Model ) 0021, Standard Model i
= DOB'-u'D X f - DOB"-u'DX
X | (I DﬂBs-’u*D;X ] I po Bs—bp*D;X
004 - » Central value from B -0.04 - * Central value from |
dimuon asymmetry dimuon asymmetry
004 -0.02 0 2;-,"’2 004 002 0 002
3.00 deviation from SM of three values — Deviation now only 1.9¢0

)
— e 4
S 3> | Profile at (SM)AT, /T, = 0.42%
g o

-
@ Standard Model

CKM 2014 (iIncluding prefirnany) sasaoommusmr.r.
@ Standaed Model 8
[T 6% CL DO Dimon peofile at 5M & -mamgmuum
. S 68% CL WA (D0 & LHCY) -

[ e8% CL WAAT, X, (B-factories, LHCDY
.~ I 10 Combination of &, o} & AT, T,

| 68% CL WA f, (B-tactories, DO & LHCE)

5 - -wmag = aar,r, i
Ay Ty (%) N BT BT
A ~

2.90 deviation from SM
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Events / (2 MeV/c?)

a} %]

""" Standard Model &\ .
_ I(Dyp™)-T(Dip~) af - as\ [e' “fcos(Amgt)e(t)dt
Amoas = [(Dspt)+T(Dip—) 2 +(A9 (A” M )f elstcosh(AT t/2)e(t)dt
~ 1074
[ LHCb § ~
_%dimuon A (t) — F(f’t) _ F(flt) — agl + D (AP + a’gl) COS(Amdt)
[ B factories : e L'(f,t)+T(f,t) 2 2 / cosh(ATl'4t/2)

3 2 1 0 1
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{ 4 {
3 ™! MEASUREMENT COMING SOON...
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Standard Model

Lol el

-3 l 2 — -1 — 0 1
aj [%]
a$; = (—0.06 = 0.50(stat) 4= 0.36(syst))%

- —

New -

preliminary 3 ady = (—0.02 £ 0.19(stat) £ 0.30(syst)) %|
| ST PRECISE VALUE FROM A SINGLE MEASUREMENT

x10° x10°

LHCb Preliminary o Data

Events / ( ps)
285828

£ E

#f.«@+ ++ [§ #Hﬁﬁ _
-+ L AT 1 &

KA A= }tio i l
= -1 '-f

l %t tps) : 9 tps)

Ap(7T TeV) = (—0.66 £ 0.26(stat) £ 0.22(syst))%
Ap(8 TeV) = (—0.48 £+ 0.15(stat) + 0.17(syst)) %
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Chih-hsiang

We measure Acp in B%-B° mixing
using dilepton events from the full
BABAR dataset 471 x 10° BB pairs.

« Look for two flavor-specific final states; one would tag the initial state
of the other B.

B final state 1
= T':ﬂ:'*::-_i__ /A‘ )
oo e T R s Acp = (=3.9+35+1.9) x 10-3

NN f / {y XY prefiminary c.
B° % 1 2 -

5

0r tneg. 2X Page B%-only average (unofficial) ‘
— (+new BABAR): (0.3 +2.3) x 10~

Ax? =1 contours L
S

B%onlyaverage o average
(HFAG Spring'14): (2.3 £ 2.6) x 10

L]

Ax® =1 contours

o
r =
S x
X ©
o~ -
v !
H —0.01 1<
@ se >

xQ U = o |

& l & [w] |

5 8 ' T o0gi |

! - 1

= 0.02 z = : 3 _4'

=0 3 BABAR #¢ (prelim.) +—a-—
|
BABAR ¢ (prelim.) —a—4 | 8 BABAR ’I’;,;"x LT
8 DG D" uX | —0.03 BABAR ¢/ (old) m__’-—l-o_1
_ i BABAR D%y @ 3AB/ ‘ ¢f (old) — I
003 BABAR ¢ (old) - pellett— : .
Belle #¢+ o — i -0.02 -0.01 0.00 0.01
1 1 1 3
002 —001 000 001 Ao BY)

Ao B')



Scenarios in which the CKM matrix is no longer 3 x 3 unitary,
it is, on the contrary, part of a larger unitary matrix

Modified M2

Controlled removal of SM ingredients

M l(g) dominated by a single weak amplitude
use of 3 x 3 unitarity of CKM

- NP

0.002

000l 0000 ool

(b) Ax? vs. AL,

- SM

{ .
<0010 0008 0006 004 -~0002 0000 0002 0004

(a) Ax? vs. AL,

0.002

0.000
-0.001"

-0.002 |

-0.003

0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055

(f) Ax? contours, A%, vs. |V, |

m Enhancement of A%, up to —2-1073 (N.B. SM fit —2.3-10~%)
m ...requires |V, ,| T and/or A Jwe |

m Closer to the DO measurement (—4.96 + 1.69) x 1073,
but insufficient
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Effect of Al' on the dimuon asymmetry
In B decays

e | agree with Borissov and Hoeneisen that the D@ dimuon
asymmetry receives a contribution AS' from
mixing-induced CP violation in decays B — X — X'ju.

e Final states with all combinations (¢, c), (c. U), (u, ), and
(u, U) must be considered.

AT | A¢] .

i\gt — _(PC—i',LL — PU—>,u.) S|n('§3)
A

Xd
1+ X4

Is smaller in magnitude by at least a factor of 0.49
compared to the formulae used in the DO analysis, so that

the discrepancy with the SM is larger than the quoted 3.60.

o Aig‘ depends differently on new physics than a¢.
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— - u,c,t
s - S b —— »—
1 1
OO + 1 1
B D; B, W+ U K-
V TEE . B
b - »—C 5§ — - - e ]
u c
vcb X Vua ~ /\3 K~ Vub X Vg = /\3 D}
s 3

[(BY(t) — Dgtig) — I'(BY(t) — Dgtig)  [C(By — Dgtig) cos(AM,t) - S(B, — Djuy) sin(AMqt)]
['(BY(t) — Dgtig) + T'(BY(t) — Dqgiig) B cosh(Al',t/2) + Aar(B, — D,u,) sinh(Al',t/2)

The observables

c, :1 — r?)‘K ’
1+ rf)_K
AJAF _ 2rp,k cos(6 — (v — 284)) Aar 2rp, K cos(d + (v — 284)) |
1+ ".2D,K ' ! I+ rQD.K
Sj _ 21'1),;\' Sill((s — (’7 — 2,3,)) g — 27'1)‘;\' Sill((s + (";’ - 2,33)) .
1473 k r 1+ 71}k

32



MuItudumensuonal fit

K 2, ) M)

i
o ety

(85%)

1-CL
'p K

0.8

0.6

0.4

l L1l l 1 III l L1l | | - l L1 1

100 120 140 160 180

v [°]

20

B
K.
.l L)

Candidates / ( 0.1 ps)
)

T4 6 8

10

12

14

©B;— D,'K") [ps]

14
1.2

0.8
0.6
04
0.2

.l'l]'l‘ll'lI'l‘ll'll'l‘ll'l

vvvvvv

AAAAAA

AAAAA

A

%

O,k [°]

2 2

=

100

3

Candidases / ( 0.1 ps)

—

2,

o
T T

P PR Y

2
2 }
4 6 8 10 11
v(B] = D/K*) [ps]
' LA 'l' Ty " L ']’ Ty l ' '-

-
AAAAAAAAAAAAAAAAAAAA l

LHCb

llllllllllllllllllllllllllllllll

o

50

IOO

150

200 250 300 350
Y [°]




At tree level: Scp = sin(2¢,) and Acp = 0.

v,,,,<
d

D

<O

penguin pollution = Ad¢2, Acp

d Vg V,, b /’ u — measured observable (*)
Tt 1 e
woow Vo and Acp # 0 possible
I I
b1t | d
Voo Vg
extraction of A@-, with isospin analysis (remove penguin pollution)
signal ennancea projecuons
g
: :
i i
B(B® — p°p°) = (1.02 £ 0.30 £ 0.15) x 10~° fr =

[prospect for Belle2 ¢5” = (X + 3)°]
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a 1.5 e e
] —
05F
of :
05F
Ak :
0 0 '1'5’1:'5'“-'1'“-b"s'“o"'b'é'“3“'1':5
B” — wKs: BR and time dependent ' ' T A
CPV
K nK'Se, EE
> S o = +0.91+0.324+0.05 "K'C, EID . CP
wkK v — .
. S . BaBar _ - ; R BaBar' | » 0.57 + 0.08 £ 0.02
» first evidence (3.10) for CPV PO 79 20091052008 | PRD7S (2008) 06200
. , Belle H___*_;_.ogx,oos,om Belle gl 00920072003
» four out of five parameters world’s EPS 2013 reeminan EPS 2013 prebminary | |
- Average 0052004 Average 0.63+0.06
most precise results HEAG comolted efags | 51 comsind il JL
02 Q1 0 01 05 ‘6‘6"" 07 08
B? — 'K’ time dependent CPV I
S
> Spko = +0.68 £ 0.07 = 0.03 B
2 30
» Most precise determination of S ,
Q

CPV parameters

20

15

B? — K2ny: time dependent CPV

» no significant CPV observed

10

So far, everything is consistent with SM

5b66 oooo

raw asymmetry

D

o5 6 430 2 468 1o /O
Martin Atlps]
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This is not the end of the story
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Borissov

Upgrade of ATLAS detector will
significantly improve its ability to work at
high luminosity with better tracking
precision

'g‘ 0.2[5 YT T T v \'"'rf"lYY'; & 0_2:,,. aaas B RAREIEEEEE RS R TTTTTTTTYTY ]v.”:
— 0.18:; ~—e— ATLAS 2012 <yu>= 20 6.% 0.185 e ATAS2012  qoE20
% 0.16 . «— IBL Layout, <u=>= 60 3 g" 0.16:~ ——a— IBL Layout 11,11 <> = 60 e
0‘14‘::__ A —=— [ITK Layout, <u> =200 = 0 1af v ITK Layout 11,11 <u> = 200 :
012 5, ATLAS simulation E 0.12} ATLAS simulation
0.1 Preliminary : 0.1 Preliminary
0.08} 0.08}
0.067 0.06/ e e ®* " y
0.04+- 0.04- .. prrrbiberaaey v
0.02 0.021 -
r n
NP T PN . R e TR FTETE FEETY PR FRTTH FEERE FPTTE FRTEE PRRT FeTee
05020 ""30 40 80 80 70 80 %70 20 30 40 50 60 70 80 90 100
pT(BO) (GeV] Number of reconstructed PV
s

This year our precision is expected to be o(¢¥%) = (.12

Our final precision o(¢”¥?) = 0.022 1s expect to be at the
level of the SM value (¢”7v¢ S = —(0.038 + 0.002 )
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[Ldt =3 fb! [Ldt ~ 8 fb! Ldt ~ 50 fb!

Eduardo

2010 2011 2012 2013 2014 201§ 2016 2017 2018 2019 2020 2021 2022 2023 2024 202§ 2026

b

LHC Run | LSa LHC Run IV

pp runs with LHC splice
- gons bunch spacing consoli-
-E¢y 7TeVand 8 TeV dation
LHCb L~4x10%[cm’?/s

LHCb [£ ~3/fb

LHC Run |l LS 2 LHC Run Il LS3

pp runs with LHC injector pp runs with 'HL-LHC prep
-25ns bunch spacing, | upgrade - 25nsb.spacing | GPD phase 2
-Ecpm 13TeV LHCb -Ecnm 14 TeV upgrades
LHCb L>4x10%[cm’/s = upgrade L > 1x1033cm?[s
LHCb |L >g/fb LHCb /L > 15/fb

L=2x103[cm?[s
I£> 23/fb

rad

ale il
L ]

v(B® - D K*) 17° 11° 2.4° negligible
oS (B2 - ¢ ¢) (rad) 0.15 0.10 0.023 0.02 T
oM (B? - K*°*K*%) (rad) 0.19 0.13 0.029 <0.02
2p¢T (B - ¢ K?) (rad) 0.30 0.20 0.04 0.02
o, (B — J /vy ¢) (rad) 0.050 0.025 0.009 ~0.003
. (B2 — J )y £,(980)) (rad) 0.068 0.035 0.012 ~0.01
B(B° - J/wKJ) 1.7° 0.8° 0.31° negligible
Ar(D->K*K™) (109 3. 2.2 0.5 -
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Fitters




Extracting the CKM parameters
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obtalned cIU|g

the given constraint ¥ Marcella
/ from the fit t

- Observables Measurement Prediction”  Pull (#0)
| sin2f 0.679+0.024  0.752 +0.041 ~15
Y 68.3+7.5 68.6 + 3.7 <1
o 92.2+6.2 87.3+3.9 <1
[Vuo| - 10° 3.75+0.46 3.63+0.13 <1
[V - 107 (incl) 4.40 + 0.31 _ ~23 —
[Veo| - 107 (excl) 3.42+0.22 = <1
[Ves| - 20° 40.9+1.0 42.1+0.7 <1
Bk 0.766 +0.010 0.841 +0.078 <1
BR(B — tv)[10°] 1.14+0.22 0.82 + 0.07 ~1.3
BR(B; — II)[107] 28+0.7 3.88 +0.15 ~14
BR(Bs— Il)[10°] 0.39+0.16  0.113 +0.007 ~1.7
As® - 10° -48+5.2 0.013 + 0.001 <1

-7.9%20 -0.13 £ 0.02

. . T
only exclusive values only inclusive values




AF — 2: New Physics

A .
Mi, = (Mb)sm x Bg  Dq=|Ag|€"d = (1 + hge®?)

val

2015 Stagg I Stageh' |
2 /N2 A ~ARa: )2 . NP loop | Scales (in TeV) probed by
From C’/ / A X (va qf ’L) Couplings order B, mixing Bs mixing
[Cijl = Vs V;‘| tree level 17 19
12 2 (CKM-like) one loop 1.4 1.5
h~15 IC’II (47T) |Cjj| = 1 tree level 2 x 10° 5 x 10¢
7 | Vﬁ th|2 G F N2 (no hierarchy) oneloop | 2 x 10° 40

Bounds/prospects for New Physics at
@ Stage I: 7fb~" LHCb data + 5ab~" Belle I
@ Stage II: 50fb~' LHCb data + 50ab~" Belle II
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- - -
results from the Wilson coefficients

Generic: C(A) = o/A?, Fi~1, arbitrary phase
o ~ 1 for strongly coupled NP

o
~

> " E@mRec,
A & hfegk UTy
Z 10° E_F ik CKM14
% L To obtain the lower bound for
1 =3 - - -
s F loop-mediated contributions,
< ok one simply multiplies the bounds

by os (~ 0.1) or by ow (~ 0.03).

—h
U
111 71T

o ~ oy In case of loop coupling
through weak interactions

—b
mn |IBREAI

.
o
TTTT

TS S B S Br S S B S B B
iy e N N N

2 3 4 5
Lower bounds on NP scale NP in ow loops
(in TeV at 95% prob.) A>13104TeV

Non-perturbative NP
A>4210°TeV




Four busy and rich sessions !
Progress was shown on both
experimental and theoretical sides
Untortunately...
...No clear sign of New Physics...
We can go back home full of Viennese Schnitzel and continue
to think about what's next.




Backup slides




B* F-B Asymmetry a New Physics probe

n<o0 n>0 <0 >0
b (B) b (B n b
R / _ \ _ D® Run II Preliminary
P p P P }’ = —4 Data
Forward Backward s [ Sigaal:af .S
N Bkgd:af P
B n<o0 n=>0 n<o0 n>0 _ ~ B P
b (B") b (BY) g - Bkgd: af T
\ / 0 ; 77 Bked: a f EE
10 3
P p P p '
Forward Backward
N e e
15DQ Run II Preliminary MUAK) (GeV/c)
1=
< ) full sample
05F App = [—0.26 £ 0.41 + 0.17] %
0 ;Z: i :;;%:%25 :_5_:_.3
—— Comparison with MC@NLO
- Amcanro = [1.63 £0.43 + X. X X]| %
1
-15: | | |
01<m|=07 07<n|=12 Im|>12
||
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