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Bounds on New Flavour Physics
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Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables
Re Im Re Im
(5pyMdp)? 9.8 x 10? 1.6 x 10* 9.0x 107" 34 x 107" Ampc; ex
(5rdp)(5pdg) | 1.8 x 10* 3.2 x 10° 6.9x 107 2.6 x 107! Amp; ek
(eryrur)? 1.2 x 10° 2.9 x 10° 56 x 1077 1.0x10~" | Amp; |q/pl, oD
(érur)(crug) | 6.2 x 10? 1.5 x 104 57x107%  1.1x107% | Amp:lq/pl.ép
(bpyHdr)? | 6.6 x 107 9.3 x 107 23x107%  1.1x107° Amp,; SyKs
(brdp)(brdg) | 2.5 x 10? 3.6 x 103 39x1077  1.9x 1077 Amp,; SyK
(brytsp)? 1.4 x 10? 2.5 x 10? 50x 107° 1.7x 107 Amp; Sye
(brsp)(brsg) | 4.8 x 10? 8.3 x 107 88x107%  2.9x107F Amp_; Spo

= Generic flavour structure [c,,~O(1)] ruled out at the TeV scale

= Ayp ~ 1 TeV requires cyp to inherit the strong SM suppressions (GIM)

Minimal Flavour Violation: The up and down Yukawa matrices are the
only source of quark-flavour symmetry breaking Haii-randall, chivukula-Georgi, ’Ambrosio et al
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Two Higgs Doublet Model: ¢, @-12
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Yukawa Interactions in 2HDMs
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Phenomenological disaster!
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Alighed 2HDM

Yukawa alignment in Flavour Space: Yor=ca i Mgy, . Yi=<iM,
V2
Ly = _T H+{ [ CI&M MdPr — <u M CI{MPL} d + (V M Pr 'I)}
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@7 f
oY : 0
Ya1 = Ri1 + (RQ T Rf3) Sd.l , vo'! = Rin + (RQ - IR:?)) Su
¢f m==p» New sources of CP violation without tree-level FCNCs
Model Sd Sy S/
Type | cot 3 cot 3 cot 3
Z2 models: Typell | —tanf | cotf | —tanp Only one ¢, couples to fr
Type X cot 3 cot 3 —tan 3 _ ‘
Type Y _tan cot B cot 3 (Glashow-Weinberg, Paschos 77)
Inert 0 0 0
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1-Loop Constraints on H= Couplings (95% CL)
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Jung-Pich-Tuzon, 1006.0470
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Rare Decays

Loop & CKM suppression
mm)p NP sensitivity
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Many Interesting Flavour Anomalies

Wy, t*>n*Kgv, , b>ctv, bosptp, o5 (9-2),,(9-2)e , Vs Vb s Vig -

= Evidence for New Physics

= Statistical fluctuation >

* Underestimated systematics B

= Incorrect SM prediction or measurement

Not easy common explanation (within appealing BSM models)

Separate analyses are (perhaps) more enlightening
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Flavour Anomaly

3.8 ¢ discrepancy

R(D*)

Br(B - D"t v,

R(D") =

Belle, 1612.00529
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LHCb, 1711.05623

B(BX — Jipttu,
(B — JW7vr) = 0.71 £ 0.17 (stat) 4+ 0.18 (syst)

" B(Bf — Jfuty,)

R(J/0)

2 c above SM prediction

R(J W)y = 0.25-0.28

Yu et al, lvanov et al, Kiselev, Hernandez et al

D* longitudinal polarization fraction:

F (D*)=0.60 £ 0.08 £ 0.04 Belle, 1903.03102

SM: F (D*) = 0.455 + 0.003 Q.-Y. Hu et al, 1810.04939; Alok et al, 1606.03164
Z.-R. Huang et al, 1808.03565
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Scalar contributions to R(D"™)
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Form Factors . ¢ _ (.cht _ _cbe mi
SR(D*) = N, = (gf gr) e (o 0)
95% CL Celis et al.
1612.07757
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AR p-

EFT
Analysis
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Freytsis et al, Bardhan et al, Cai et al, Hu et al, ...
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flavour independent O, == C;, =0

Murgui-Penuelas-Jung-A.P.

(preliminary)
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Murgui-Penuelas-Jung-A.P.
(preliminary)

Cr=0
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Belle, Moriond 2019

— MOSt preCise measurement Of iD_, 0'42_ 7?&?}?—Combmaﬂon E
R(D) and R(D*) to date T E R oo pramme
0.38 f‘é"&ﬁﬁ.’&]ﬁ'ﬁ”’°” e =

« First R(D) measurement - ‘ :
performed with a semileptonic 0.34~ =
tag - :

_ _ 0.3 E

» Results compatible with SM 3 E
expectation within 1.2c - A L

b 0-26:_ 5 SM prediction =

. R(D) - R(D*) Belle average is 3 o e oo |-
now within 2a of the SM 022l 1 L — E
siredlieio 02 025 |03 035 04 045 05

R(D)

This result

 R(D) - R(D*) exp. world average
tension with SM expectation R(D) =0.307+0.037 £ 0.016
decreases from 3.80 to 3.10 R(D") =0.283+0.018 + 0.014
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C. Langenbruch, LHCb Implications 2018
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B > K*utu~ - K ptu-
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Descotes-Genon et al, 1510.04239
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Violations of Lepton Flavour

B Br(B’ —» K u* ) Br(B’ — Ke"e")
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LHCb, 1705.05802
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Violations of Lepton Flavour

B Br(B’ —» K u* ) Br(B’ — Ke"e")
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Ry 06675 +£0.03 (069 + 04005
95.4% CL 0.52,0.89) [0.53,0.94]
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M. Prim (Belle), Moriond 2019

R(K™): (Preliminary) Result

(T

Karlsrishe Institute of Technology

Belle preliminary 1

H—e—
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"i“ BaBar
N v prediction
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2.0 — , , 2.0
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15} - 15|
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3% o) EN—E— ] ko0
o [ % =
05| _ 05
i +$1  Data for B° and B+ modes |
i B sM prediction
I p [
0.0 Lo S S - 0.0
0 5 10 15 20
¢* (GeV?/c?)
q2 in GeVZ/c* All modes B® modes B™ modes
[0.045, 1.1] 0.527%% +0.05  0467%% 007  0.627 4% £0.10
[1.1,6] 0.0674 % £ 0.1 1.067 4% £ 013 0.7274%, £ 0.18
[0.1, 8] 0.007%%, +0.10  0.86T%%, £0.08  0.96 %% +0.14
[15, 19] 1.187%5% + 010 1.1275% + 010 14074 %, £ 011
[0.045, ] 0.04TG, £ 008 1.1275F £ 009 0.707%3, £ 0.07
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S
q* (GeV?/ch)

m All measured values are in
accordance with the SM and
other recent measurements.

a First measurement of R(K* ).
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D. Straub, Moriond 2019

, B _
i 0y = (77.R.)(74"()
HY =——Ly v = Y C o/ ¢ _ (< o
eff \/5 th"is 'y ; i i O, = (SfyﬂPLb>(€’y 756)
Pre-Moriond Fit Post-Moriond Fit
Ry & Ry ( Ry & Rg- /£
b sup flavio — b= sup ’
1.59 —— global 154 —— global
1.0 A 1.0 4
\
3 3
Zs 051 £ 051
S )
0.0 ~ 0.0 A
—0.5 1 —0.5 1
—i.5 —1.0 —(I)‘5 010 015 —i.5 —i.O —(I).5 OTO 015
Ogsuu Cgsuu
Closer to SM C,0=-Cy preferred
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Leptoquark Solutions

PR

1 ~i amJ \(To a
Lot = = MM |Or (Q1yu0” Q1) (LiA"0" L)

+ Cs (Qir@)(LEy"L7)]

U(2), ® U(2), Family Symmetry

Angelescu et al, 1808.08179

Model Rpe | Rxer | Bpeer & Rycce
S =(3,1.1/3) | v X* X+
Ry =(3,2,7/6) | v X* X
93 =(3.3.1/3) | X v X
Uy =(3,1,2/3) | v v v
Us = (3,3,2/3) | X v X

Flavour Physics & CP

ST .

Buttazzo et aI 1706.07808
0,06 T .

B/

0.04 \

0.02} \

li
~0.02f , ]
1

~0.04} /

006k o '
—0.06 —0.04 ooz 0.00 0.02 0.04 0.06

Cr
Possible UV completions:

» 4321 model Di Luzio et al
" (Pati-SaIam)3 Bordone et al
= PS + VLF Calibbi et al
= Warped PS Blanke-Crivellin
" SU(5) GUT (R, & S3) Becirevic et al

u S1 & 83 Crivellin et al, Buttazzo et al,
Marzocca
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Ko>ntvyv

TNF(VizVid’miz/MVZV) (’7L %”L) <7T‘EL 7ﬂdL‘K> o
Br(K' — 7' vp) = (18+0.8)x10°" ~ 4* [ +(1.4—p)’]
Buras et al

Br(K, — n'v7) = (24£04)x107"" ~ 4y’

Long-distance contributions are negligible

T(K, > z'vv) =0 =) (7f>

* BNL-E949: few events! mmsp Br(K™ —'vi) =(1.73"14%)-107°

» KEK-E391a: Br(K, »z°vv) < 26x10°  (90% C.L)

Ongoing experiments: NA62, KOTO
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LEPTON FLAVOUR VIOLATION

90% CL Upper Limits on Br(l — X") [MEG'16,SINDRUM'88, Bolton’88, BABAR , BELLE, LHC]
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LEPTON FLAVOUR VIOLATION

90% CL upper limits on T LFV decays
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Belle + CLEO @ LHCb

e ATLAS A BaBar =
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SUMMARY

» Flavour Structure and C]fD are major pending questions
» Related to SSB > Scalar Sector (Higgs)

» |mportant cosmological implications (Baryogenesis)

= Sensitive to New Physics: Flavour Anomalies!

Intriguing signals (most anomalies related to 3 family)

Many questions. Higher statistics & better systematics (QCD) needed

Eagerly awaiting new experimental results
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Quarks Leptons
06 =\ {
U e | Ty
| L A\
up down electron neutrino e
Y
3
=)
>
-
charm strange muon heutrino p
®

2>

top

heutrino T
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Backup




1.5}

0.5

Flavour Alignment

Celis-llisie-Pich, 1302.4022, 1310.7941

oy
L ‘ IIIIIIIIIIII
n 68% CL A2|-|D|V| n Type I, 90% CL
'y
W '
d O cose~-1 cosa 1
4N
oL
Lo v v v b v b |
2 1 0 1 2

| 68% CL

[ & T Il 90% CL
Pty A2HDM ype

> e
s

ol

h
Yq
[ T T T | L \ T 1 T 1 | T T T 7T |
n 68%CL u: Type Il, 90% CL
i A2HDM

cosa| > 0.80 (90% CL)

Flavour Physics & CP

Pich-Tuzon

(Aligned 2HDM)

General setting without FCNCs
& new sources of CP violation

Yd,l =G4 Md,l )

* Rich phenomenology @ LHC

Altmannshofer et al, Barger et al, Celis et al,
Cervero-Gerard, Lopez-Val et al...

Many allowed possibilities
Search for light H*, H, A
CP violation

= Flavour constraints fulfilled

Celis et al, Jung et al, Li et al

= EDMs

= Usual Z, models recovered in
particular (CP-conserving) limits

Jung-Pich, 1308.6283
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CHARGED CURRENT UNIVERSALITY

2,/8.
B,,,/B.,. | 1.0018+0.0014
B,,,/B,,. | 1.0003+0.0012
B,/ Bx e | 0.9978 +£0.0020
By s/ B sze| 1.0010 £0.0025
By /By e | 0.996+0.010
2. /2|
B,,,7,/7. |1.0030+0.0015
By . /By .| 1.031£0.013

Flavour Physics & CP

PIENU 1506.05845

A. Pich, arXiv:1310.7922

g./g,|

B, ,. 7,/t, | 1.0011£0.0015

U /Tes, | 0.9962+0.0027

[k /Tks, | 0.9858+0.0070
By . /By, | 1.034+£0.013
260

d. anomaly cannot be
accommodated within EFT

240

(Assumes [U(2)®U(1)]° or U(2)° flavour symmetry)

Filipuzzi, Gonzalez-Alonso, Portolés, 1203.2092
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? CP Asymmetry

[t —>72Kv. )-Tt” >7n Kv :
4, = ( g S_T) ( — 2 = (-3.6+23%1.1).10°>  BaBar'll

F(f > KSVT)-FF(T > KSVT) (>07°)
AiM (7’+ — 7T+KSPT) = (3.6i0.1)-10_3 Bigi-Sanda, Grossman-Nir 28 o discrepancy

Ly >3
¥s) Belle does not see any asymmetry at the 10-2 level
~ -
o 0.03 T T
R [P (b) AP ~ <cos 3 cos ¢>. — <cos 3 cos ¢>.
0.02| - data ! l l
0-01:F+ control sample bins (i) of W \/E
| —— B = K direction in hadronic rest frame
Opg=ke=s — o
i ¢ = 7 direction
0.01F
-0-02: BaBar signal in conflict (with EFT)
00bo with other sets of flavour data
w (GeVIcz) Cirigliano-Crivellin-Hoferichter, 1712.06595
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2006 B >t v Anomaly

b - Belle 2006: (hadronic tag)
W - - +0.56 +0.46 —4
Br(B™ —>7v) = (.77 5 x 10
u v m=) Large |[V,| ™=) Tensionin CKM fit

Confirmed by BaBar (2008, 2010, 2013)

Belle 2013:  (hadronic tag) Br(B~ —>7v) = (0.7273740.11) x 10~

Current status: CKM agreement. Tension between Belle and BaBar
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1L Anomalous 2 § 2 é
Magnetic Moment v *

RBC/UKQCD 1801.07224 LO Hadronic vacuum polarization contribution
[ [ [ [ [ [
ETMC 2013 | — : ] .
HPQCD 2016 |- —— .
Mainz 2017 |+ : — —
BMW 2017 — .

RBC/UKQCD 2018 H : H .
RBC/UKQCD 2018 [ —

HLMNT 2011 |- HEH | 340 (e'e)
DHMZ 2012 = .
DHMZ 2017 HH o T .
2.1
Jegerlehner 2017 - HEH . s (1)
No new physics [~ —— .

610 630 650 670 690 710 730 750

10
au><10

New a, measurement eagerly expected
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Electron Anomalous Magnetic Moment

New measurement of o Parker et al, Science 360 (2018) 191

o 1(Cs) =137.035 999 046 (27) 2.0 x 10719 accuracy

Quantum Hall Effect-98 k i -

He Fine Structure-10 .

h/mc , StanfU-02 b i -
S

g-2, UWash-87 - ————y |
hmg,, LKB-111
h LKB-11 | et i
m Rb” g-2, HarvU-08 —
g-2, HarvU-08 - M This Work | —— 1
1.9 14 09 04 0.1 0.6
h/m.. This Work - o (a"1/137.035999139 - 1)x 10° 4
S
1 1 1 1 | 1 1
-20 -10 0 10 20 30 40 50 60

(@ 1/137.035999139 - 1)x 10°

=) Aa, = a,P-aSM = [-87+28,,+23,+2,] x10-14 = [-87 % 36] x 104

exp —

2.4 o (negative) deviation Davoudiasl-Marciano, 1806.10252
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DIRECT (P in Ko m

_T(K, »>7n'n)
CT(Kg—>7n'n)

T(K, > n'n")
T(Kg — 7’%")

.-

~ ’ — ~ '
r Ext+Ep oo = R Ex—2¢&y

2
1 n NA48, NA31
/ ~ — _ | oo _ 1074
Re(ey /ey ) = p 1 = (16.8+1.4)-10 oy E731
7. ’
S u = Short-distance OPE
G W Ciuchini et al, Buras et al
d u = Long-distance yPT
Pallante-Pich-Scimemi

Re(gk /gK )Th = (19 flgl) . 1()_4 Cirigliano-Ecker-Neufeld-Pich
(15+£7)x10™ 2017 update  Gisbert-Pich, 1712.06147
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.. A[KO — ?T+7T_]
Empirical
A[KO — ?TOTFO]

Evidence

A[K+ — TF+TFO]

is 1 s, 1
Aoe 0 +—2A2e 2:./41/2—"%/43/2

Age' %0 — V24 e %2 = A, — V2 A5,

® Al =1/2 Rule:

® Strong Final State Interactions:

EA Wity — EA
> A2 = 5 “3/2
w = Re(A2)/Re(Ag) ~ 1/22
0, — 0, ~ 45°

e Unitarity:

Large w7 Absorptive Cut

_ Apar = A el = Dis (\Aas) + i Abs (Aay)

K

b

e Analyticity:

Flavour Physics & CP

Large Abs(A;)»)

= Large Dis(A;))
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- 1 - 1
A[KO — ?T+7T_] Ag € % 4+ 7/42 %2 = Ao + _2“43/2

Empirical : Ve

A[KO — ﬂ'OTrO] Ao eiSO — \/EAQ efr52 = ./4.1/2 — \/§A3/2

EVIdence A[K+—)TF+TF0] = ;Az el 92 = §A3/2
® Al =1/2 Rule: w = Re(A2)/Re(Ag) ~ 1/22
® Strong Final State Interactions: 0, — 0, ~ 45°

)

o p T i, Im (Ag)  TIm (Ay)
DII‘eCt C/j K — % € ( )w {RQ(A()) Re(Az)}

® Subtle numerical balance between [ = 0., 2 contributions

® Claims of an &) /s, anomaly are usually based on incorrect
estimates without absorptive contributions: Abs(Aa;) =0  (Buras et al)
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Recent K—(nr), Lattice Results

Isospin limit: RBC-UKQCD 1505.07863, 1502.00263
\/gRe As = (1.50+0.04 +0.14) - 10~° GeV exp : 1.482(2) - 10~ GeV Al=1/2 Rule
0.1c
\/glm Ay = —(6.9940.20+0.84) - 10" GeV Red, 1
= ~
. Red, 22
\/;Re Ay = (4.66+1.00+1.26)-10"" GeV exp :3.112(1) - 1077 GeV
1.0c
\/glon = —(1.90£1.234+1.08)-10" " GeV
Re(c'/s) = (1.3845.15+4.59) 10" exp : (16.6 £2.3) - 107" Large phase shift
2.1c
do = (23.84+£49+1.2) exp : (39.2 £1.5) 290 Sy — 8, = (47.5 n 09)
5 = —(11.6+254+1.2)° exp: — (85+15)° 10o

Ongoing lattice efforts to improve the pion dynamics. New results expected soon

@ Im 4, Im A45™ 3
Re(ex /€ = — 1-Q.)— ~ 22107 {B"(1-Q,;)—0.48 B{'?
o) = = | T (1) I (50 (1-2,0) - 048 57
Q. =0.060+0.077 Cirigliano-Ecker-Neufeld-Pich (2003)

Flavour Physics & CP A. Pich — CLASHEP 2019 38



Effective Field Theory: Long & Short distance dynamics

Mw T, [, €,V Standard Model Lty - _\f Vid V. Z Ci(p) Qi(p)
t,b,c,s,d,u
l OPE
— Large logarithmic corrections
< & 1y € Vi (nf=3) ~AS=1.2
S me s.d.u Laop s Legr
. k
bowe o OPE:  af(u)log"(My /p)
me | LR \PT YPT: log(u/m,)
Re(e) 107 Gisbert-Pich, arXiv:1712.06147
30F ! SM
a5k : f ' ,””
[ ! . ’a” ! _ . —4
ok Exp | = Re(ek /&x)sm = (1512, %2, £24 %6, )10
i 1 T
e e :----I:;'-----,---"-":' """"""""" _
o = =(15+7)-107*
10} - | :
_E" !
5 1
[ 1 L Lattice ' .
. '1:'; —— e L0 Large uncertainty, but no anomaly!
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Possible Caveats / Constraints:
1) Saturation of inclusive decay width:  Br(B>D**tv)>0.5% Freytsis et al, 1506.08896
= R(D¥) > Br(B—>Dtv) + Br(B—>D*TVv) = (2.39 £ 0.13)%

= BB Xtv) | _ 159040007
Br(B— Xelv) | > > Br(B > X.tv) = (2.40 £0.12)%

Br(B— Xcev) = (10.8£0.4)% It is not a problem of form factors

= LEP:  Br(bo>Xtv) = (2.41%0.23)%

2) boctv @ bcotv: Br(B.—>1tv)<10% (30%,40%)  Akeroyd-Chen, 1708.04072

Alonso et al, Celis et al

3) Differential distributions. Polarizations

Flavour Physics & CP A. Pich — CLASHEP 2019 40



Scalar contributions to R(D"™)

4G ~ _
Leff = _T2F Viwaa [Gu (877 PL+ 2% Pr) qa] [(PL1]

2
) ) ) mg mp
dR(D) R (Séb = (gfb£ —5—g§b£) ( )

Scalar my (Mp — me)

2

) m
SR(D*) - A = (g — g B
( ) b ( L R ) my (ﬁ?b-l-ﬁ?c)

Form Factors

95% CL
Celis et al, 1612.07757
Real -
Couplings 2 R(D™)
(14

d R(D™) / dg?

o R(X,)
.

Br(B,—1v) < 40%

Ve

Re (6g,)
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Capdevila et al, 1712.01919

1) New physics only contributes to the SM operator  [cy“Pbl[Ty, Fv,]

— RJ/w/RJ/qp = Rp/Rp" = Rp- /Ry

2) At higher scales, it originates from (avoids b—svv constraints)

[Qz 74 0s] [Zs ?/yL_%] + [Qz 7”51Q3] [Z3 7/y51L3] ~ 2[(c 7ubL)(ZTL 7 v +(sy 7/ybL)(7_'L yit;)]

NP mainly coupled to 3" family 1ol

8_
m=) Large Br(bosttt) . “ Ryo8Ru 20
= 6j - | RD(*)&RJNJ 10
See also: Alonso et al, 1505.05164; @ | | " Br[BS"T]
al | W Br[BoK*11]
Buttazzo et al, 1706.07808; Crivellin et al, 1703.09226 i . W Br[B->Kri]
L1 Br[Bs~»¢11]

2l
But F,(D*)=F (D*)gy = 0.455 £ 0.003 0_1¢‘:

1.1 12 1.3 14 15
Rx/R$M
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Expected B—o>K/#+¥~ Spectrum

C. Marin, LHCDb implications 2018

Spectrum
Photon pole l :
enhancement J/(1S) dominated by
(no pole for ﬁ% narrow charmonium
B—P¢¢ decays) A / resonances.
(vetoed in data)
o ¥(285)
7 Typically removed
dr ﬂ in analyses
72
/ (1)
T Crgl) Cg(),) Cg ) and 010
interference Long distance
contributions from cc

above open charm

Form-factors \ threshold Form-factors from
from LCSR -~ Lattice QCD
calculations parameterisation
9 dimuon mass
4 [m(u)] - 4‘(]2 squared
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Belle, 1612.05014
1.5 r T T T ]
i 0 SM from DHMV/LQCD |
1ok 4 All Modes i
1 ¥ Electron Modes ]
I HH  Muon Modes ]
0.5 <
: L ' ]
A o0l -l l .|- IT.I
e D |
i\ — |
_05 - % .
-1.0 |- =
-15 ' ' '
0 5 10 15 20
¢ [GeV?/c?]
15 M — T ; — —
i 1 SM from DHMV/LQCD ]
1ok HH  All Modes ]
1 @ Electron Modes
HH  Muon Modes
0.5 s
O L
A’ o0 ;
[ " * . —_—
_05 j _— _ -
-10} .
_15 1 L n L L 1 L 1 L L
0 5 10 15 20

¢ [GeV?/c?|

Flavour Physics & CP

Qs

15

1.0

0.5

[ SM from DH
1 NP Example

MV |

0 é lJO 115 | 20
q¢* [GeV?/c?
:— [ SM from DHMV —
| 1 NP Example 1
0 — é ‘ lIO - ll5 ‘ ‘ 20
¢* [GeV?/c?]
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New-Physics Fits with Effective Operators

Capdevila et al, 1704.05340 Altmannshofer et al, 1704.05435 Geng et al, 1704.05446
[0, i
: _____ S .
2__‘,9,' ,,,,,,,, E‘r-,.\.m\ i
7 3 o I=hr 1 PN
. . Belle g |
1 Y sl | NI oms | //
; ) y LHCb / /
T I P 3 Q 0 (
[ . __—’:’"4 a \ B —
-1 j'f,‘,—,,‘f,"ff', ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _
[ —05 —— LFU observables -1f
_2f """""""""""""""""""""""" 1 |- b — spp global fit
[ 10 - . — all
: flavio vo2 ——- all, fivefold non-FF hadr. uncert.
290 —15 10  -05 00 05 10 15 _%4 —‘3 —I2 —‘1 0 1 2
Re Cy 6Ch
1.5 B P
o A
4G
0.5 NP YR AL
H L3clo
S eff tb
< 2
= oo
s LI Oy = (57,Bb)(1~¢)
BV —— LFU observables o'l = (S P b) (g g)
; ; ; : 10 v N b — sy global fit 10 7” L “/“ 75
1 o flavip<o.2: P all
B 1% i oo s s AP _ i | : i
-3 -2 -1 0 1 2 3 —20 -15 —10 -05 3.0 0.5 1.0 1.5
NP Re Cy
Co u

Also: Hurth et al, 1705.06274; D’Amico et al, 1704.05438; Hiller-Nisandzic, 1704.05444; Ciuchini et al, 1704.05447; ...
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Geng et al, 1704.05446

1 Bs > pp

0sl ‘ -2l
J e AC=05 .
0.6 0.8 1.0 1.2 1.4 24 -3 -2 -1 0 1 2 3
Ry 6ChH
0; = (3,58)(T71 0f = (s,78)(71)
O, = (FyﬂPLb) (Z’y“ 756) O, = (Eq/ﬂﬁab) (zy” 75€>

The B—pp constraint on C,, gets weakened if (pseudo)scalar operators are included (Arbey et al, 1806.02791)
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b T
Z,
S H
Di Chiara et al, 1704.06200
1 L
My = 200 GeV
01
Ry
0.01F
O'O(()).lom 0.01 0.1 1
lgh|
1 L
My = 200 GeV
01
K
0.01}
0.001

0.001 0.01

Flavour Physics & CP

L

0.01¢

0.001
0.001

P2 g { [g»y (g% Py + g%Pg)b + h. c] + (gl + %gA)ﬁ}

!

g2
D)
2ew
2 4 4
—VaVii- {C6 Ch} =
My = 500 GeV

0.01

lgh|

0.1 1

0.01

0.001
0.001

0.01

My = 500 GeV

2
Mz
2— QL va QL QA
m,
1000
800
600
400
200+
0,‘ ‘ " ‘,
10 50 100 500 1000

MzIGeV

Many possibilities:

. L“-LT Altmannshofer et al, ...

» 7'+ VLQ Kamenik et al

» Fermiophobic Falkowski et al
= Horizon. Sym. Guadagnoli et al

® .. Faisel-Tandeam, ...
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More possibilities...

d' t g td I ¢
W W

d’ ' 0 7 ! 14

g - (i T ¢
W W

dJ g 0 7 g 14

b S b S

LQ LQ

Ho e o o
o o )
7 7 New Fermions and Scalars
L Sk L

LFUV == | FV

Glashow-Guadagnoli-Lane, 1411.0565

Hyp = G U0, 7L T

Flavour conserving Z'

Kamenik et al, 1704.06005

Leptoquarks

Hiller-Schmaltz, 1408.1627; Bauer et al, 1511.01900;
Hiller- Nisandzic, 1704.05444; D’Amico et al,
1704.05438; Becirevic-Sumensari, 1704.05835; ...

D’Amico et al, 1704.05438; ...

3 3
/ d / 4
L — ZULSidLia L :ZULSiELi

2

Ut | S enn |UE .
B(B" — Ky e™) =2 203 p |22 B(BT — KTptp™) = (2.16772%) |22 x 107°
Ulsa ' Ulsa
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Flavour

1.5

1.0

0.5

<= 0.0

-1.5

—1.0

IIII|IIIIIIIIIIIIIIIIIIIIII

| K'>n'vv (NAG2)

excluded area has CL > 0.95

Physics & CP

p

A. Pich — CLASHEP 2019

: (th. uncertainty) , :
~ \:\* Phase 2 -
C f K —mvv (KOTO) *
: Phase 1 / :
B LAV : ]
i % Prqspectwe study on rare Kaons
B I I | | L1 1 1 | I I | | L 1 1 | ‘ [ — — ' [ I | ]
0.5 0.0 0.5 1.0 1.5

2.0

10% exp.
accuracy
assumed

]: 3o observation

¢ 10% accuracy
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T ViOIation @ Babar Quantum Entanglement

1207.5832

Flavour (BO—>Z+X, EO—>Z_X) and CP (B+ - J/vK,, B_—)J/WKS) tags

(Bafuls-Bernabeu-Martinez-Villanueva)

ere” > Y(43) — (By(ly) =1y, Balty) =) =(f;, ;) : >t
£, B >B b) B, aB‘)
omﬂ%wir + S =S, , =—13740.14+0.06
-0.5[ J»
o2 4 6 8 . =S = 1.17+0.18+0.11
At (ps) B"—B, B,—B
- ) B> > B
<05 e
oi"fff st oy + e
o5 PR T established at 146
0o 2 4 6 s 0o 2 4 6 8
At (ps) At (ps)
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