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Standard Model

The Standard Model A was released
in 1908 with its characteristic
Columbia type speed control.
Standard was still in business as late
as 1920, selling model A's even
though an internal horn model B was
introduced in 1911. The Standard
Model B was not to replace the
model A, but merely expand the
model range. The model A has a red
iridescent horn. The model A, like
the model AA has a large spindle,
and will only play "Standard” records.

How Standard Model works, YouTube demon
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https://www.youtube.com/watch?v=oueyDn6p4a4

Introduction

m In general, we search for NP indirectly in processes where SM contributions are
suppressed, and so, small NP effects can become visible (or even dominant).
= Phenomenologically, we can classify potential NP contributions as
m AF =1 (B decays)
m Loop suppression (NP can enter through trees, e.g. FCNC)

m Helicity suppression (Vector-mediated SM transitions are small compared to
(pseudo)scalar-mediated NP).

= AF = 2 (neutral B mixing)

® 2nd order weak transition in SM, can be enhanced by NP
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Introduction

m In general, we search for NP indirectly in processes where SM contributions are
suppressed, and so, small NP effects can become visible (or even dominant).

= Phenomenologically, we can classify potential NP contributions as
m AF =1 (B decays)
m Loop suppression (NP can enter through trees, e.g. FCNC)
m Helicity suppression (Vector-mediated SM transitions are small compared to
(pseudo)scalar-mediated NP).
= AF = 2 (neutral B mixing)
® 2nd order weak transition in SM, can be enhanced by NP
m Usually, after excitement of first data, everything is perfectly consistent with SM,
so we enter the regime of precision measurement (search for NP as a small
correction to SM)
m Variation: after exciting 3-40 tension, we enter the regime of precision
measurement and the tension vanishes
m Experimental and theoretical challenges related to precision measurements
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Introduction

An incomplete selection of NP-sensitive measurements
Very rare decays (B — pup™)

b — s penguins (B = K*utu™)

Radiative b — sv decays (B® — K*~)

Radiative b — sy decays (B(s) — v7)

Fully leptonic decays (B — Tv7)

» Direct CP violation

® Bs) mixing (B® — Jp KS, B2 — Jfp¢)
= Flavour-violating decays (7 — 3pu)

. . } Covered this morning
= Lepton (non-)universality (Rx, B — D7)
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Effective field theory
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Effective field theory

= Model-independent description in effective field theory
4GF * !
Het = ———= Vip Vi E CiO;i+C;O;
f \/é tb Vit i

Left-handed Right-handed, ,’;'—Z suppressed

um Wilson coefficients Cf') encode short-distance physics, (’)f') corr. operators

b s b—sy B—puu b—sll
\% Og') photon penguin v v
b } O(/) .

5’ vector coupling v
x OYO) axialvector coupling 4 v
b ;
x (9(5'7),, (pseudo)scalar penguin v
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Very rare decays: B — utp~

(MSSM contribution)
Extremely sensitive to scalar and
pseudoscalar NP operators

Weak suppression (2nd order)
Helicity suppression
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Very rare decays: B — utp~

Combined analysis of LHCb and CMS Run | data [Nature 522 (2015) 68-72]

CMS and LHCb (LHC run I)
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m First obs. of B — pu™p~ with 6.2 0 significance (expected 7.2 o)

BB — ptp~) =(2.8797) x 107° compatible with SM at 1.2¢
m First evidence for B — ™ with 3.0 0 significance (expected 0.8 ¢)
B(B°— utu~) = (3.9735) x 1071 compatible with SM at 2.2¢
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http://arxiv.org/abs/1411.4413

Very rare decays: B — utp~

Combined analysis of LHCb and CMS Run | data [Nature 522 (2015) 68-72]
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m First obs. of B — pu™p~ with 6.2 0 significance (expected 7.2 o)
BB — ptp~) =(2.8797) x 107° compatible with SM at 1.2¢
m First evidence for B — ™ with 3.0 0 significance (expected 0.8 ¢)
B(B°— utu~) = (3.9735) x 1071 compatible with SM at 2.2¢
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http://arxiv.org/abs/1411.4413

Very rare decays: B — utp~

Recent news from ATLAS collaboration [Moriond EW 2016 preliminary]

8 E Emate E
1 // ATLAS Preliminary |
6 . _7TV49fb‘—

Vs= 8TeV 20 fb!

99.73%
95.45%
68.27%

BB — pt )10

e Py

“Contours for —2A‘in(L)=2.3, 62,7
1 118 from the maximurn of |
4 5 6 7

B(BY > p*u7)[107]

m B(BY— ptp™) = (0.975%) x 107° (< 3.0 x 107° at 95% CL)
BB utuT) < 4.2x107° at 95% CL
m Compatibiltiy with SM for simultaneous fit: 2.00
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Very rare decays: B — utp~

20~

15 [D. Straub, arXiv:1205.6094]

10

10° x B(Bg — ptp™)

05

00 = : - : : :
0 10 20 30 40 50
10° x B(Bs — ptp™)

B(s) = ptu~ exclude a huge parameter region of MSSM and 4-gen models.

[G. Hou, arXiv:1307.2448]
Fourth generation can accommodate enhanced B(B° — pt ™) if it's confirmed.
In addition, reduces some tensions in CKM measurements, but needs a rather
conspirological explanation of SM Higgs couplings.
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http://arxiv.org/pdf/1205.6094.pdf
http://arxiv.org/pdf/1307.2448.pdf

Very rare decays: B — utp~

20~
/';: 15 [D. Straub, arXiv:1205.6094]
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’ “supersymmetry is not dead”
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B(s) = ptu~ exclude a huge parameter region of MSSM and 4-gen models.

[G. Hou, arXiv:1307.2448]
Fourth generation can accommodate enhanced B(B® — pt ™) if it's confirmed.
In addition, reduces some tensions in CKM measurements, but needs a rather
conspirological explanation of SM Higgs couplings.
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“Golden mode” B® — K*O[— KTa~|utu~

d d
0 #*0
B : K
b T n 5
Soowr, l
P "
ut
. . . ~ 2 2
m Decay fully described by three helicity angles Q = (¢, 0k, ¢) and g° = mj,,
L] 1 SEr+r) 9
ArTP/AE a6 = 3. Ba- Fi)sin® Ok + Fi cos” Ok + % 1(1— FL)sin % 0k cos 20,

— F1, cos? Ok cos 20, + S3sin® O sin’ 0, cos 2¢
~+ S4 sin 26 sin 20, cos ¢ + Ss sin 20k sin 0, cos ¢
+ gAFB sin? O cos B + S7sin 20k sin O sin 10}
+ Sgsin 20k sin 20; sin ¢ + So sin® O sin® Oy sin 2¢)
m F,Ars, S; combinations of K*® spin amplitudes
depending on Wilson coefficients C7('), Cg(/), Cl((',) and form factors

m Perform ratios of angular observables where form factors cancel at leading order

S. Descotes-Genon et al., ]

Example: P{ =
p 5 = \/W [JHEP 05 (2013) 137

u Relative sign between B° and B® — access to CP asymmetries Az ..o
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http://arxiv.org/abs/1303.5794

B® — K*0ut 1~ selection

[LHCb, JHEP 02 (2016) 104]
20— e

|' O - " -k -

R [GeVcH

2 53 54 55 56 57 "
m(K* T ) [GeV/c?
m BDT to suppress combinatorial background
Input variables: PID, kinematic and geometric quantities, isolation variables
m Veto of B® — Jip K*® and B — (2S)K*® (important control decays)
and peaking backgrounds using kinematic variables and PID

u Signal clearly visible as vertical band after the full selection
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http://arxiv.org/abs/1512.04442

Candidates/ 0.1
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m Use B® — J/i) K* as control channel

n Efficiency corrected distributions show good agreement
with overlaid projections of the probability density function
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http://arxiv.org/abs/1512.04442

B® — K*Ou*p~ Results: Fr, Ss, S, Ss
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BY— K*O,UJJF,U,* Results: Agg, S7, Sg, So
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1503.05534
http://arxiv.org/abs/1411.3161

[LHCb, JHEP 02 (2016) 104
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[LHCb, JHEP 02 (2016) 104
————

LHCDb

[ SM from DHMV
[1407.8526]

i
e T

15
q? [GeV? A
= [4.0,6.0] and [6.0,8.0] GeV?/c* local deviations of 2.80 and 3.00
m Tension seen in Ps in [PRL 111, 191801 (2013)] confirmed

m Compatible with 1fb~! measurement

o
[6)]
TT T T[T T

&
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[LHCb, JHEP 02 (2016) 104]

ELLO 2_ —r 1 T ]
C LHCb .
1,__- 51 SM from DHMV _
Likelihood fit
_:!}: 8 Method of moments 7]
0 |
L s
L | L]

10 15

q? [GeVZ A
[4.0,6.0] and [6.0,8.0] GeV?/c* local deviations of 2.80 and 3.0¢
m Tension seen in Ps in [PRL 111, 191801 (2013)] confirmed

m Compatible with 1fb~! measurement

= Moments analysis: 10-30% less sensitive than Maximum Likelihood
fit [ProerBors) Tiao2] but allows narrow 1 GeV?/c* wide ¢ bins
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B® — K*Outp~: Compatibility with the SM
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i 15
5~ - g
A LHCh 1 ¥
L 1=
L L | L
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Re(Cy

m Perform x? fit of measured S; observables using [E0S] software
F. Beaujean et al.

m Varying Re(Co) and incl. nuisances according [Er5e i 505 507
= ARe(Co) = —1.04 £ 0.25 with global significance of 3.4
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http://arxiv.org/abs/1512.04442
http://project.het.physik.tu-dortmund.de/eos/
http://arxiv.org/abs/1310.2478

e rare decay B? — ¢[— KTK utu~

5 E T [ ™.
N W g
s s % 16k = F n i N .o 103"‘
o P e rrrae|- R
s i B o 12F L R &
b T T s 10 L i el 10> 2
SOowt 8F ]
Te--c wo 6fn 5
PARY = 0
F g
+ 2F 5
" obee . .

53 54 5.5

m(K*K ) [GeVie?]
m Dominant b — sput ™~ decay for BY, analogous to B®— K™yt~

m K"K~ ptp~ final state not self-tagging
— reduced number of angular observables: Fi,, S3.4.7, As 6,89

. . K~
m Signal yield lower due to % ~ 1 % =3

m Clean selection due to narrow ¢ resonance, S-wave negligible
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http://arxiv.org/abs/1506.08777

BY — ¢utu~ differential branching fraction

), |-

[LHCb, JHEP 09 (2015) 179]

AN

-=Data E
= Data (wide)4

S = N W A LN O

5 10 15 I
¢ [GeV/eH

dB(B?—pu)ldg? [10°GeV2¢4]

# In 1< ¢® < 6GeV?c* diff. B more than 3¢ below SM prediction
m Confirming deviation seen in 1fb™" analysis [LHCb, JHEP 07 (2013) 084]
= Most precise measurement of relative and total branching fraction

B(BY— gptp~) +0.42 4

BT g " (7.4175%2 £ 0.20 £ 0.21) x 1074,

B(B?— ¢p ™) = (7.977%43 +£0.22 + 0.23 £ 0.60) x 107,

Anton Poluektov B physics and BSM models 11th Franco-Italian meeting on B physics, 11 — 13 April 2016 19/36


http://arxiv.org/abs/1506.08777
http://arxiv.org/abs/1305.2168

Global fits to b — s data

W. Altmannshofer et al., S. Descotes-Genon et al.,
[EPJC 75 (2015) 382 ] [arXiv:1510.04239 ]

30 T T — LT al
i | Branching Ratios ]
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Al : 1
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1k ]
=
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QO of 3 of .
T : \
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_2f 1
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L R R B T
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Re(CYP) aw

9
m Using input from B — pp~, B — K*u =, BY— ¢utp™; angular and
differential B measurements

= Tension can be reduced with ARe(Cq) ~ —1, significances around 4 o

m Consistency between angular observables and branching fractions
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NP or hadronic effect?

New physics

b -~ s
7 /-t+
-
b -~ e
s‘ n

A4 2

CEEAR
S

m Possible explanations for shift in Cgy
B NP eg Z/ [t o ohetin et Leptoquarks [} (et
m hadronic charm loop contributions
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http://arxiv.org/abs/1308.1959
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NP or hadronic effect?

W. Altmannshofer et al., S. Descotes-Genon et al.,
arXiv:1503.06199 arXiv:1510.04239

o —-——=z Fr=3 1
g, =
L T
-3
-4
0 5 10 15
¢ [Gev?] q* (GeV?)

m Possible explanations for shift in Cy
B NP eg Z/ [t o ohetin et Leptoquarks [} et
m hadronic charm loop contributions

u g* dependence: cC loops rise towards J/v, NP g*-independent
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Photon polarisation measurement in b — sy

m b — s7v is dominated by radiative penguin in the SM. High-E7 photon in the final
state.

u In the SM, the photon is left-handed (|c.|> > |cr|?)
_ erl? = ef?
T R A+ e?
A, = —1 for b and +1 for b.
m Significant right-handed component would indicate New Physics (C).

= Decays like B — K*(K)~y are insensitive to
polarisation.

= Need a four-body decay: Bt — Ktntn—ry

= Up-down asymmetry:

dr
f dcosedcos@ f dcosedcos@

f d cos 04—

AUD -
dc050

is proportional to A,
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Photon polarisation measurement in b — s

[PRL 112, 161801 (2014)]
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T N L N
cos® cos®

Signal yield Nkrry = 13876 £ 153
m Perform angular fit of cos @ distribution to determine A,q in 4 bins of M(Mn)

m First observation of non-zero photon polarisation at 5.2 ¢ in combination

To determine precise value for A\, resonance structure of final state needs to be
resolved
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http://arxiv.org/abs/1402.6852

Radiative B decays (B(s) — ¥)

Radiative penguin decays b

SM expectations: - : q
B(B° = yy)=(15-10)x10°® BY W7
B(B? — vy) = (0.5 —1) x 107° d. C q

Some SUSY models can enhance it by an order of maginutude (2HDM, RPV).
[PRD 58 (1998) 095014], [PRD 70 (2004) 035008],

-
2 s
s S &
: s
55
@
L L A NA) L L L 2L L L L L L
05 04 03 02 01 0 01 02 03 04 05 06 -04 -02 0 02 04
AE (GeV) AE (GeV)
B(B® — yv) < 3.3 x 1077 B(B? — yv) < 8.7 x107°

Belle Il expected precision for BS — ~4~: 0.3 x 107° (so, SM rate could be visible).
Seems hard for LHCb, but not hopeless? Two hard photons, no missing particles...
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Unitarity Triangle measurements

Cabibbo-Kobayashi-Maskawa matrix

Vekm =

Vud Vis Vub
Veo Vs Vo =~
Vie Vis Va

1-2%)2 A AX3(p — in)
- 1-22/2 AN?
AN(1— p—in) —AN? 1

Sensitivity to NP comes from the global consistency of various measurements
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Unitarity Triangle measurements

Cabibbo-Kobayashi-Maskawa matrix

Via Vs Vb 1- >‘2/2 A A>‘3(p - i77)
Vekm = | Vo Ve Vo | - 1-2)2%/2 AN?
Vie Vi Vi AN (1 — p —in) —AN? 1

Sensitivity to NP comes from the global consistency of various measurements

15 r ‘&x‘uw‘ad‘-u-hl&a‘.lnv‘s T \\‘%L LI e e s e \:
[ TN ] Some UT measurements potentially affected
ror &Am; ]
° by NP:
os = m v from trees vs. v from loops
= 00:,& ,,,,,,,,,,,,,,,,,,,,,,, 4 m 7y vs. Ams
F ] m sin2p vs. Vyp from B — v
3 E m V. from SL vs. Vi, from B — v
10 Y L4 m sin23 from B — JRp K2 vs. sin 2B from
- R eg b— sqg
G b b b b b 10
-1.§1.0 -0.5 0.0 0.5 1.0 15 2.0
P
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SM reference CKM measurement: -y from trees

m Measured entirely from tree decays.

u All hadronic parameters can be constrained from experiment = theoretically very
clean (uncertainty < 1077 [Brod, Zupan, JHEP 1401 (2014) 051])

i0p
v b u DO g+—IDe
s -
K . 2 i
+
v, B 05— fK
3 o c B~ B Qi
B~ o ' . —0

0 0 D K*

m Combination of many different modes: o 1; U LHCh
m Time-integrated asymmetries in B — DK, - o8 e
B — DK*, B — DKm with D — hh, hhhh osf 97 E
u Dalitz-plot analysis of D° — Kh*h™ from : ‘
B — DK, B — DK* 04 eaaw ]
u Time-dependent analysis of Bs — DsK o02F 4
m Experimentally, just entering precision ot = =
measurement regime (< 10%) vl

[LHCb-CONF-2016-001]
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Potential NP measurement: - from loops

Extraction of v from time-dependent
asymmetries of B> — 7 7~ and

0 + - eni
m As in B — DK, interference of several B: = K"K and U-spin symmetry

diagrams, with or without V,;, = CP T 180

o L (a
violation, phase v 7 160¢ @
140
u Loop diagrams: NP can affect v 120
extraction from these modes. 1005
80F
u P w 60:
w, 5d b 5d Ko gt 40
_ " ] ’ £
Ub v o B+, B° g 20;
B+, B Lt 0 0 7 oL I L L L
ud—————u,d U d———u,d 7’ 0 0.2 0.4 0.6 0.8 1
K
b a u,d .
wzé L . Z:f aa ™ v = (63.5¢7%)° (U-breaking up to 50%)
B 4,5
as e B W =« Large CPV effects seen in other charmless
u u U e U

modes (e.g. B — hhh), but interpretation
in terms of « needs more work
[LHCb, PLB 741 (2015) 1]
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SM reference C measurements: | V| from semileptonic decays

[LHCb, Nature Phys. 11 (2015) 743]
m Use A9 sample for | Vub| measurement, cleaner final
state
m Measure |Vip|/|Ves| from
|Vub/ V| = MRFF

(A= atpv)

m Fit corrected mass Meorr = \/p% + M2, + pr
= | V| = [3.2740.1540.16(LQCD) £ 0.06( V)] x 1073

4000 18000, T T T T

i.; LHCb ' (i.; -Combinaz‘md

3 [ 3 15000f B Misidentified Inclusive N—
: B

= 3000 15 vy =

8 B combinatorial 8 12000 e PDG 2014

= g Exclusive e iS00S

(RBC/UKQCD)

g 2oF g 000 ®-nv) T s

-ﬁ ﬁ (FNAL/MILC)

= S 6000

S 1000 k<

§ § . Aliﬂgﬁv) o

0.003 0.0035 0.004 00045 0.005

5000 5500

2000 . 5000
Corrected pK “7r*u” mass [MeV/c?] Corrected py~ mass[MeV/c?] IV, 1
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Potential NP measurement: B — 7v;

SM transition can be modified at tree level by charged

b " Higgs or leptoquarks
(H"W") Grmgm? m?\?
————————————— B(BJr — 7‘+l/.,—)sM = % (1 - m7;> |VUb|2TB
B
v

B(BT — 77vr)sm = (0.757% %) x 107*

[Belle, PRL 110 131801 (2013)], [PRD 92 051102 (2015)]
[BaBar, PRD 88 031102 (2013)], [PRD 81 051101 (R) (2010)]
Measured with tagged B (SL or hadronic), main signature is absence of extra activity
in EM calorimeter

U o N ® O

N
o

Events / ( 0.1 GeV/c)
N W

-

.5 1.0 15

1.0 2.0
By, (GeV) Dy, (GeV/C)
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http://arxiv.org/abs/1208.4678
http://arxiv.org/abs/1503.05613
http://arxiv.org/abs/1207.0698
https://arxiv.org/abs/0912.2453

Potential NP measurement: B — 7v;

B(BT — 7v) = (1.14 £ 0.27) x 10~* (PDG average)

g -value
020 %y Lt
BaBar sem\leptnmc tagging r
(1.7£08+0.2) 10 r 09
BaBar hadronic tagging oss 08
[P — s |- -
(1.83733 +0.24) 10~ L 07
Belle uemllegwmc tagging (old) e L 06
————i I
(L5455 183 T r
@ 0.10 - — 05
Belle hadronic tagging F I
—a—i (07232 +0.11) 10 < [ 04
World [ o2
rld average 005 |- -
R ] 10 r 02
This result [ e o
(1.2540.28 £0.27) 104 000 L Lo Lot L 0.0
i 3 ! e IR
BB - ) (10 sin 23

[Belle, PRD 92 051102 (2015)]

Belle Il is in a good position to measure it with ~ 5% precision (50 ab™').

[Physics at Super B Factory, arXiv:1002.5012]
LHCb unlikely to contribute, but could probe the similar transitions with muons, e.g.
B — pTu~ by, (“only” one neutrino in the final state, three tracks making a vertex)
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B(os) mixing

» . o Evolution of B(Os) system is described by H = M — il /2
: R * Off-diagonal terms Mz, 12 responsible for oscillations.

t b

Experimental observables:
m |AM| ~ 2|My,| — defines oscillation frequency
m |Al] ~ 2|l12| cos ¢ (where ¢ = arg(—Mhi2/T12)) — lifetime difference
m as; = Im(M12/Mhi2) — flavour-specific asymmetry

= Mixing-induced CP asymmetry (interference between B — f and B — B — f)

NP mostly enters M, as it is determined by box diagram.

Mo = MM . A, where A = |A| exp"d’A [A. Lenz, U. Nierste, PRD 83, 036004 (2011)]
Observables affected by NP (A # 1):

= Oscillation frequency AM
= Mixing-induced CPV phases 23 (B°), ¢s (B?)

= Semileptonic asymmetries as; and dimuon asymmetry As.
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http://arxiv.org/abs/1008.1593

Mixing-induced CP violation in BY —

“Golden mode” at B-factories, but LHCb provides competitive measurement after
recent flavour-tagging improvements.
Time-dependent asymmetry:

Ssin(Amt) + C cos(Amt)
cosh(ATl't/2) + Aar sinh(Alt/2)

A(t) = ;S =sin2g

[LHCb, PRL 115, 031601 (2015)]

Effective tagging power

crag(l — 20) = 3.02% sin(2B) = sin(2¢,) A

PRELIMINARY'
0.4 . BaBar 0.69+0.03 +0.01
o SE ] PRD 79 (2009):072009
= E ]
E E BaBar x , K, 069+052+0.04+0.07
é 0.3 E LHCb E| PRD 80 B05) 112001
0.2F E BaBar J/y (hadronic) K, 1,56+ 0.42:£0.21
= E El PRD 69 12“(‘)(54; oo s
Z 0.1 3 Belle 0.67+0.02+0.01
< 0 -+ El PRL 108 (2012) 171802
ja=] E — q 0.84 1082 +0.16
< _01F E PLB 492, 259 (2000)
= E E| OPAL 3.20 118+ 050,
= —02F E EPJ C5, 379 (1998) ST
s £ 1 CDF 07934
& —03F El PRD 61, 072005 (2000)
0n 0.4E ) . ) E LHCb L 0.73£0.04 £ 0.02
—0. 10 15 PRL 115 (2015) 031601
5 Belle5S 0.57 £0.58 + 0.06
PRL 108 (2012) 171801
t(ps) J
verage 0.69+0.02
H
sin23 = 0.731 + 0.035 £+ 0.020 2 3 0 1 2 3

Anton Poluektov B physics and BSM models 11th Franco-Italian meeting on B physics, 11 — 13 April 2016 32/36


http://arxiv.org/abs/1503.07089

Mixing-induced CP violation in B — J/YKTK™

[LHCb, PRD 87 (2013) 112010]
m K"K~ can be in P wave (¢) or S wave
m 3 P waves (CP-odd or CP-even), angular analysis to distinguish them
= Ambiguity s <> T — s is resolved by measuring the P wave strong phase as a
function of mgk.
u Combined with B — J/yntn~

Decay time and helicity distributions:
¢s =0.01+0.07+0.01

z K s =0.661+ 0.004 £ 0.006
~ 2
S H Als =0.106 £ 0.011 £+ 0.007
B o
5
o
. 0.14 HFAG
w s [
Decay time [ps]
012 Cz%slb , 68% CL contours
[N (Alog £ =1.15)
g 5 T T T =3
g E Hep 3 =, 010r|coFas !
8 3 [
3 < <1 008
2 g
8 :
§ 006 ATLAS 192!
05 o 05 1 —04 —02 0.0 0.2 0.4
costy G5% [rad]
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Semileptonic asymmetries

[LHCb, PRL 114 (2015) 041601]
Use semileptonic B(Os) decays.

NB—B—f)—T(B—B—f)

Acp = s = NB—B—f)—T(B—B—f)

S ¥ Sadadmodd ] ]

< ~ ]

Amens(£) = 25 (1 __cos(Amt) ) \ . .GSpring'14E

2 cosh(Arlt/2) -1 E‘ S ;

Standard Model predictions: 2_ 8 5 N _

[A. Lenz, arXiv:1205.1444] [ =& LHCb 0 1

ad = (—4.1406) x107* 3 8 o 3
ay = (+1.940.3) x 10°° ): Balel : :
-3 2 -1 0 1

ag [%]

= No tagging needed. Time-dependent (B°) or time-independent (B?) SL
asymmetry measurement

m 30 tension coming from DO dimuon asymmetry measurement
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http://arxiv.org/abs/1409.8586
http://arxiv.org/abs/1205.1444

o

(s) mixing

A
Mp=MM. A A= |A] exp’® [J. Charles et al., PRD 91, 073007 (2015)]

excluded aes has CL> 0568

LB LB e ey
xciodad avea has CL> 068

AT, &5 &T,(K'K) & T,(I4f)

o

-

& e e

As & ag (B

~

“Sommeria. st

-1 0 1 2 3

Re Ag

[J. Charles et al., PRD 89, 033016 (2014)]
If the NP CKM structure is the same as SM, by the end of LHCb upgraded phase and
Belle I, B(s) mixing probes AF =2 NP up to

m ~ 20 TeV for tree-level NP
m ~ 2TeV for single-loop NP
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http://arxiv.org/abs/1309.2293

= New Physics may manifest itself in B physics in many ways:

m Processes involving loops and even trees

m Large enhancements of rare processes and small inconsistencies in precision
measurements

m AF =1 (B decays) and AF = 2 (oscillation)

m There is a number of small tensions which seem exciting

u Enhanced B® — ptpu—

] Pg and a number of other inconsistencies in b — sl
= Rk, B — Dtv (not covered here)

m V,, from B — v

m "Km puzzle”

But the number of observables is large, so look-elsewhere effect should not be
neglected. Hadronic effects to be taken into account as well.

Anton Poluektov B physics and BSM models 11th Franco-Italian meeting on B physics, 11 — 13 April 2016 36/36



Backup
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B® — K*0ut i~ CP asymmetries: As, A4, As, Ags

<<‘° os T T T ] <<f o5 T T T ]
3 LHCb 1 F + LHCb 1
| RS o .
T = F T
o8- 1 od -
0 5 10 15 0 5 10 15
q2[GeVcY Q2 [GeV3/cd
< odf ' ' ' ] <& 05 ' ' ' 4=
3 LHCb 1 + LHCb 1S
of—— ] c+—l—-l— e 1 s
1 +T—+— i —— e i 5
4 L 4
[ ] I 18
I
-0.5| - 051 -4 2
0 5 10 15 0 5 10 15
2 [GeV¥cd] 2 [GevZcy
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http://arxiv.org/abs/1512.04442

B® — K*Outp~ CP asymmetries: A7, Ag, Ag

{ os T T T ] o5 T T T 1.
3 LHCb 1 F LHCb 1S
- 1 - 1@
i . I ] A N 4 1y
[ _+_—T— L T —+ - -T——t— [ 1 ! 1q
L 4 L 4 T
] I 18
I
-0.5 . 0.5 4 =
0 5 10 15 0 5 10 15
o2 [GevFca o2 [GeVcd|
é” os T T T ]
3 LHCb 1
N 4
T -I— + ]
0 5 10 15
Q? [GeVEcd]
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BY — ¢utu~ angular analysis

[JHEP 09 (2015) 179]

1.5 . : «1.0 . :
2 LHCb] © | LHCb ]
1.0 1 osf e
$ ] [ = Data (wide) ]
0.0f { -05fF E
05 5 10 15 -1.0 5 10 15
¢ [GeV?/ct] ¢* [GeV/c]
+1.0 T T 1 T
I LHCb] 4 LHCb ]
0.5 _:‘Z 3 0.5 E
i ] E | =
= ' I 1 El i —t—1
0.0E i ﬁ o i
05F —1— + 1 o5 -
-1.0 5 10 15 -1 5 10 15
¢ [GeV?/ 4 o [GeVA/cH

» Good agreement of angular obs. with SM predictions
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http://arxiv.org/abs/1506.08777

BY — ¢utu~ angular analysis

[JHEP 09 (2015) 179]

1 ‘ o 1 :
< LtHch ] < °f LHCb |
0.5 1 o5 ]
: S s I Se e
05 1 05 1
-1 5 10 15 -1 5 10 15
o [GeVA/cA] o? [GeVA/
joo) 1 T 1 T
< 1 LHCb] < LHCD ]
0.5? E 0.5? *
0 +_— \ l ] 0 Ll L | :b_l_
r —1— T ! ]—T— 1 T 1
-0.5- . -0.5- E
-1 5 10 15 1 5 10 15
o? [GeVA/cA| o [GeVA/cH|
= Good agreement of angular obs. with SM predictions
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