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Many Interesting Flavour Anomalies

b—crv, b—sptp™, (§=2)ue, ™ = 1T Ksv, Aagop, Vb, Vid, -+

Some already gone: , , ) ' po

- T b L b S
W r X LQ
X -
v Ve s iy iy Ty
= Evidence for New Physics

= Statistical fluctuation )

= Underestimated systematics L

= Incorrect SM prediction or measurement

Not easy common explanation (within appealing BSM models)

Separate analyses are (perhaps) more enlightening
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CP Violation in K — &

M(KP — 7970)

oo M(KP — ntn™)
— "= —2¢ , _ = =
M(KZ = 7070) e

R S A ’
M(K2 — ntr—) =ete

oo =

e Indirect C/D: le| = %|7]oo 4+ 27— = (2.228 +£0.011) - 10°

700

N+—

e Direct Cﬂ): Re(e'/e) = % (1 _

) = (16.6 +2.3)-10"*

First evidence in 1988 by NA31

0.007

T. Yamanaka, KAON 2019
0.006

0.005
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Time evolution of €’/e predictions:

- 1983
- 1990-2000

- 1999-2001
- 2000-2003
- 2003

- 2015
- 2015-2017
- 2017
- 2019

- 2020 (April)
- 2020 (vay)

A. Pich

SD (Qe), LO
SD, large m; (Qs), NLO

+ models of LD contributions

SD + LD (xPT) at NLO
models of LD contributions

NLO isospin breaking in xPT

Lattice
Dual QCD, Lattice input
NLO xPT re-analysis

xPT re-analysis of NLO IB

Lattice re-analysis (no IB)

Lattice input + xPT IB
Lattice input + naive IB

~ 2

~ few - 107!

~0(1)

1.740.9
~0(1)
1.941.0

0.14£0.70
0.19 +0.45
1.5+0.7

2.17+£0.84

1.74 £ 0.61
1.39 £ 0.52
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- i5 1 is, _ 1
Empirical A[K0—>7'r ] = Age‘O + EAzev 2 = A1/2+EA3/2
AK® = 7% = Agelf — Vamel%2 = Ay, - V2Uy),

EVldence AlK™ ~>7r‘7r0] = ZAZ o' = §A3/2

® Al =1/2 Rule: w = Re(A2)/Re(Ap) =~ 1/22

@® Strong Final-State Interactions: d, — 0, ~ 45°
e Unitarity: So = (39.2+£15)° =» Ay~ 1.3 x Dis(Ap)

@< k A; = Dis (A)) /1 + tan2 g, tand; = A}j‘i::i’;

i Analyticity: ADis (A)[s] = /dt Abs (A’ [z] + subtractions

Large 60 = Large Abs(Ap) = Large correction to Dis(Ag)

Claims of an &’ /e anomaly originate in incorrect treatments of the 77 cut

A. Pich Flavour Anomalies 5



S M P rediction Of 8,/8 Cirigliano, Gisbert, Pich, Rodriguez-Sanchez, 1911.01359

W.Z,v,.g

My T, e,V Standard Model
t,bc s du

Lot~ chm, (w)

Effective [ore

.
Field ) o]
<me s d.u £G), e

Theory

Large logarithms:

I B OPE: o (1) log” (M /1)

K .
Vi oe v @< xPT: log (p/mz)
My Ko PT \ -

Re (¢'/e) gy = (13 8%, 11-73# 133-}% £135 £2.1, 1.3, £0.2¢; + 0.3X,.) -107*

A. Pich Flavour Anomalies 6



First evidence of C/P in charm decays (5.30)

LHCb 1003.08726  Adpp = (—15.4+£2.9)-107% | Aqgdl = (—15.7+£2.9)-10~*

0.0100
Baar
0.0075 riond 2019]  Belle

e | Adep =acp(K*'K™) —acp(n*77)
BaBar

CDF KK+ CDF

LHCb SL KK+: . .
0.0050 Liich prom e B HFLAV combination

LHCb prompt =7

0.0025 al"d = (0.028 + 0.026)%

ﬁe& 0.0000 Aadlr = (—0.164 +0.028)%

<-0.0025 Consistency with NO CPV

—0.0050 hypothesis: 51078

—0.0075 g E 2 §

—0.0100 N % 3 é T(D‘)A)f)—l"(ﬁ('af)

= T S+ T (D > 1)
—0.010—0.008—0.006—0.004~0.! 002 0.000 0.002 0.004 0.006
Large uncertainty in SM prediction:

o Naive perturbative QCD (| LCSR) = |Aad%]| <3-107*  Chala et al, 1903.10490
e Re-scattering:  Aals =» AU =0 rule in charm Grossman-Schacht, 1903.10952
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V,4: Superallowed (0t— 0%) nuclear 3 transitions

£1(0) = 1+ O[(my — my)?] L

drc = AY 4+ Anual

v e
‘”:w* 5 i?q q\; JJZ
n D

Viol? = 7 log 2 _ (2984.48 4 0.05) s
“T R GEmE(1+orc) (14 0ro)
Ft = ft(l + ANucl) 3000} Hardy-Towner 2020 }
. i
Nucleus-independent gwen ; {

radiative corrections
3050

3040

0.02361 (38) Marciano-Sirlin 2006 - '
A} =< 0.02467 (22) Seng et al, 1807.10197 g 0 “Sewn “ea
0.02426 (32) Czarnecki et al, 1907.06737 Ho oy WK Ay HCo TR
_ 3090 ) #ArCa
)
0.97420 (21) ocans | &Gl
— 3070 R L [
= ||V, =4 0.97370 (14) PDG 2020
097373 (31) Hardy-Towner 2020 30600 0 20 30 7
Z of daughter
0.2231 (7) k s ntw PDG 2020 > 0.00212 (41) 510
= 1- Vui -
|Vu5| { 0.2245 (8) K—Llv,mlyv » Z] ‘ | 0.00149 (45) 3.30
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V,4: Superallowed (0t— 0%) nuclear 3 transitions

3
log 2 (2984.48 +0.05) s
+ = my —m 2 VL, 2 == T =
rO=trolmmg? = Vil = e S 7 (1+ onc)
Src = Af + Anual , Ft=f(l+ Anua) ,  AnNua =0k + ns — dc
Hardy-Towner 2020: 7tes) [ I Statis;:ical errors or;ly
3074
A} = 0.02454 (19) soral } }
Ft =(3072.24 £ 0.57star + 0.365;? +1.73545) S 3072 } } + {
= (3072.24 +1.85) s o= '- : :
0.975 E
i Vi
Ft error 2.6 larger than in 2015 (Jns) ol o + } ¢ 3 |
Seng et al, Gorchtein } }
V 0.973

|Vud| = 0.97373 (31) 1990 2000 2010 2020

Date of analysis

0.00144 (70) K—Llv,mly 2.00

1_ Z ‘V .|2 _ { 0.00206 (68) K—mlv 3.00

i

A. Pich Flavour Anomalies 9



R(D*)

B(B — D(*)T_DT)

Tree-level

3.08 o discrepancy

B(B = D~

process

7

(3.2 0 with more recent predictions)

o T T T 2 T | BaBar (2012), had. tag
[ [ HFLAV average Ay” = 1.0 contours ] 0.440 £ 0.058 + 0.0
04 -
F LHCb1S ]
E BaBarl2 3 1T
035 - —_
C ] 021
= 3 PRD 94 2016) 09408 e
o ] 7) 115008 0295001120008 —
o ] SM pred. verage
C ] EP 1912 (017060 oo -
0.25 = 3 0259 20004 TRD 95 G017 1500 _
£ ] FNALMILC Qo15) ot oo [
E el HPQCD (2015) 3+ JHEP l7l2|70\7) 060
02 + Average of SM predictions 0257 +0.005 -
» R(D) =0.299 +0.003 HFLAV HFLAV/
r R(D) = 0.258 £ 0.005
L 1 L e B I P M B
02 0.3 0.4 02 0.4 02 03 0.4
R(D) R(D*)
B(Be: — J/y7ir) sM
LHCb, 1711.05623: Ry y = =0.71+0.17+£0.18 (1.70) Ry A 0.26 —0.28

B(Be — J/¢uy)

Belle, 1903.03102.  F" = 0.60 & 0.08 & 0.04 (1.60)
Belle, 1612.00520: PP” = —0.38 +£0.517 2L

A. Pich
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FP%\, = 0.455 + 0.003
L,SM — ¥ N

PP = —0.499 + 0.003

10



Possible Caveats / Constraints:

@ Saturation of inclusive width: B(B = D**7v) > 0.5% Freytsis et al, 1506.08896

° R =>  B(B— Drv)+ B(B — D*rv) = (2.39 £ 0.13)%

° % o (0.222 4 0.007) Not a problem of form factors
B(B — Xctv) = (10.65 + 0.16)% =  B(B— X.7v) =(2.36 £0.08)%
° |EP: B(b— X.mv) = (2.41+£0.23)%
® b—crv <€ bc—Tv:  B(B.— 1v) <10% (30%) o oy Chen
© Differential distributions. Polarizations: Data self-consistency
@ Time evolution of data: é‘“—- e ‘

E BaBarl2 ]
0351~ 30 =
E LHCTE ]
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o™ =0

Effective Field Theory

cTV 4G
Heg' " = \/—F cb {OLL + Z [Cds Oks + Cas Ons + Cas Ojg] + he }

A,B=L,R

O)g = (Ev*Pab) (77, Psv), 035 = (EPab) (7Psv), O}s = 8ap (EcH Pab) (Fo ., Pav)

Vv S
CLL’ CRL

o Ci G (CL) Gl G Gl

Many analyses  (usually with single operator/mediator and partial data information)
Freytsis et al, Bardhan et al, Cai et al, Hu et al, Celis et al, Datta et al, Bhattacharya et al, Alonso et al
148 Murgui-Peniielas-Jung-Pich, 1904.09311

(g2 distributions included)
VR Mandal-Murgui-Peniielas-Pich, 2004.06726

Global fit to all data:

CxXs # 0 for 3™ fermion generation only

Real Wilson coefficients

e EWSB linearly realized

Assumptions
® CP symmetry =

12
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Global fit to all data:

v
D* . "

FP". B1o Min 1 Min 2

x2/d.of. 37.4/54 40.4/54
o 0007033 | 03t G
R 000 T G4 | 110 G
| -0t | —onty
A 0.008F -9 | 0.003 9:92

Murgui-Pentielas-Jung-Pich, 1904.09311

B(Be — 70) < 10%

FP™ included

® Strong preference for New Physics (x2,, — x* =31.4)

® No clear preference for a particular Wilson coefficient in the global minimum

® Min 1 compatible with a global modification of the SM
(Fitting only CLVL just increases x? by 1.4)

® Min 2 is further away from the SM & involves large scalar contributions

e FP” difficult to accommodate at 1o

e Complex C5 do not improve the x2, but open many more solutions

e Including CY slightly improves the agreement with data (x?/d.o.f. = 32.5/53).
Two additional fine-tuned solutions with C\} ~ —0.9

A. Pich

Flavour Anomalies
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Global Fit within vg

oV oV oS oS T oV
Scl: O/, Opr» Or» Orr» Orr» Ol
oV oV oS oS T
5¢2 O/, Opgr» OLr » ORRr » ORR

Sc3, VH OFy

L oS oS L oS oS
Sca, 00 Ofg, Ofp [ + OF . OFy]

ooV oS ! VoS
Sc5 U Opg»Ofg [bt+ Of . OR]

Sc6, Ry OB, Ofp
i % S T . % S T
Sc7,51: Opp ORr+ Ohg b+ 0)) . 07, . O])]

M. S
Sc 8, vy Orr

Scenarios

Mandal-Murgui-Pefiuelas-Pich, 2004.06726

e FP” difficult to fit at 1o

Only possible in Sc 1 and 4b (< 30%)

e Scalar solution =3 larger Br(B: — 777) Ry

o Higher pulls: V#, S;, UL

A. Pich

Scenario B(B. — 70) | x*/dof Pullgy Pullsy | p-value
PP FP" | Rp.p+ | dU/dg®
SM 2.16% 52.87/59 69.95%
Scenario 1, Min 1 <10% | 37.26/53 | 0.007 208 | 00414 | 24 |95.02%
Scenario 1, Min 2 <10% | 38.86/53 | 0.001 x| 2.08 | 0.0006 | 22 |92.68%
Scenario 1, Min 1 <30% | 36.42/53 | 0.022 208 | 0.0866 | 25 |96.00%
Scenario 1, Min 2 <30% | 38.54/53 | 0.011 208 | 0000 | 22 |93.21%
Scenario 2, Min 1 <10% | 3854/54 | 0.006 X | 232 | 00113 | 25 |93.20%
Scenario 2, Min 2 <10% |39.05/54 | 0004 X | 232 | 0.0003 | 24 |93.73%
Scenario 2, Min 1 < 30% 38.33/54 0.035 X | 232 0.0023 25 %
Scenario 2, Min 2 < 30% 38.80/54 0.025 x | 232 0* 24 94.09%
Scenario 3 < 10% 39.50/58 0.150 X | 3.65 0.0835 3.7V 97.00%
Scenario 4a, Min 1 <10% | 49.93/57 | 0079 X | 234X 0 12| 73.52%
Scenario 4a, Min 2 <10% | 49.93/57 | 0079 X | 234X| 0 12| 73.52%
Scenario 4a, Min 1 <30% | 44.49/57 | 0311 X| 266X 0 24 | 88.62%
Scenario 4a, Min 2 <30% | 44.49/57 | 0311 X| 266X 0 24 | 88.62%
Scenario 4b <10% | 43.56/55 | 0054 X | 207X 0 19 | 86.70%
Scenario 4b <30% | 40.03/55 | 0218 252 0 25 | 93.54%
Scenario Sa <10% | 39.39/57 0% X | 322 | 00981 | 32V 96.36%
Scenario 5b <10% | 39.37/55 0* X | 334 | 00060 | 2.6 |9447%
Scenario 6 < 10% 44.20/58 0 x| 334 0* 29 90.93%
Scenario 7a < 10% 39.21/57 0.126 X | 3.22 0.0616 33/ 96.53%
Scenario 7b < 10% 39.06/55 0.014 X | 2.56 | 0.0112 27 94.87%
Scenario 8 < 10% 47.32/57 0259 X | 256X 0* 1.9 81.60%
PP
Fp,
Rp
SI[1] S12] S2(1] S2[2] S3  S4a[l] S4a[2] S4b  S5a  S5b S6 ST7a STh S8
Flavour Anomalies 14



b—sup~

LHCb B®— K*u*p~ [JHEP 11 (2016) 047]

u,c,t s

LHCb B* — K*yt i~ [JHEP 06 (2014) 133]

0,150 . _ MMLCSR | Latice -e Data
0. T - .
3 LHCb % =z B'>K'utu
3 ) [ LHCb ]
= 0.1 - T <
N g
= e X
5 & H
3 3 T b Thats
0.03] + . 2 o .
oo [ = .
+ ¥ S
& S
L . g . . . .
E 15 % 0 5 10
0 10 15 E loevien

¢ 1GeVY/e?]

A9 — Aptp~ [JHEP 06 (2015) 115]

=

LHCb ]

LHCb B®— K%y~ [JHEP 06 (2014) 133]

15 20
¢ [GeV¥HcH]

B+ K*+ it~ [JHEP 06 (2014) 133]

=] CSR Lattice —e-Data

=] CSR

Latticc —e-Data

B' = K'uu
LHCb 4

+

dB/dg? [10°* x ¢*/GeV?)

B =Kt
LHCb A

dB/dg? [10° X ¢4/GeV?]

15 20
¢ [GeVYc')

C. Langenbruch, LHC implications 2018

Data consistently below SM predictions

(] 5 0 15 30
¢ [GeV¥cH]

1‘5 Z‘()
¢ [GeV¥cH

(1-3 o tensions)

Large hadronic uncertainties

A. Pich
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SM loop
process
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B— Kutpy~ - Ko u~

1 d'r 9
dl'/dg® dcosf dcosfy de dg> 327
— Fp, cos® O cos 20 + S3 sin® O sin? 0 cos 2¢ + Sy sin 20 sin 20, cos ¢

[g(l — Fp)sin? 0 + Fi cos® 0 + i(l — Fp)sin® 0 cos 20,

+ S5 sin 20 sin B cos ¢ + Sg sin® O cos B + Sy sin 205 sin b sin ¢

+ Sg sin 20 sin 20, sin ¢ + S sin” O sin® O sin 26

[LHCb, JHEP 02 (2016) 104] [Belle, PRL 118 (2017) 111801]
[CMS-PAS-BPH-15-008] [ATLAS, arXiv:1805.04000]
R A —

SURE ]
o LHCbdata o ATLAS data ] 5
= Belledata © CMS data ] b !
0.5 [ SM from DHMV ] LQ I
SM from ASZB ] .
of ‘ .
-0.5F
—1 - L
0

A. Pich Flavour Anomalies 16




A. Pich Flavour Anomalies

Violations of Lepton Flavour Universality
LHCb 1705.05802 "o Belle 1904.02440
2 2.1-2‘,5 o de:liation f:'om SM‘ . Agreement with SM ‘ Belle preliminary
510 -
~ YR 15| i
08 ]
S ; 1.
M8 — Koutpm) oof 1 eue 1 &) } '
NB— K*ete™) oaf v comy F o eete
m EOS 0.5} ¢ LHeh i
0.2 ® flav.io o Basar
LHCb * jc B sw prediction
0 T B A AR AR | 0.0 L | .
0 1 2 3 4 5 6 0 5 10 15 20
¢ [GeV?/c!) ¢* (GeV?/ct)
« 20 LHCb, 1903.09252 ¢% € [1.1,6.0] GeV?
~ L
t  LHCb . oL
sk _ BT = Kfutp~) _ +0.060 +0.016
L5p —_— Rk = ==+ = 0846 " ea " o012
b MBt — Ktete™) : :
B I 2.50 below the SM
L = BaBar
0.5 [ 4 Belle i
5 Not confirmed/refuted by Belle 1908.01848
[ o LHCb Run 1 +2015+2016
L L ‘ L +0.28 2 2
0.0, 3 10 15 20 _f 103Gy, o0t q° € [L,6] GeV
¢ [GeV?/ct] KT 110798 +0.02 \Za
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Global 2D Fits:

Gyl ~—0.2 C§

b—stl
HefF

Og = (5Lyub)(EyHe) . 05 = (3rVubr)(EY"£)

4G,
=PV ve X 3G Oothe o - ;o o
Am = O10 = (GLypbr)(EvMys8) . Ofy = (Sryubr)(Ey v5¢)

V2

NP
Cioy

Alguerd et al
1903.09578

1
) 'F ~ —0.95

NP
cRE ~0.20

(5.7 o pull)

Aebischer et al

T
— borsmlo flayio.
157 — wobal 19, 20
AN
1903.10434
10 .
& NP
o i | Co,pp ~ —0.72
- b H NP
5 Cio,u ~ 0.40
AN (6.2 o pull)
0 N
R R B T N PR A Tt
Cgmu C;mu
18
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Global 2D Fits: Q% ~ -0.2 G}

b—sstl _ 4GF Og = (5. vubl)(EvH€) . Og = (Srvubr)(Ev*€)
Hetr Vi Vie — g C; Oj+h.c. i ) T ”
V2 O10 = (SLvub) (B v50)  Ofp = (SrYpubr)(E7* 75¢)
a0t Aebischer et al, 1903.10434 §Eng et al, 1704 0544?
’ b
~ .
T ;
: o
.
. .
! 06 08 1.0 12 14

p 3 5
BR(B, = ui*p”) o Rk

e BY — ;T strongly constrains pseudoscalar operators and bounds Cll\éi

e Preferred solutions: Cé\f #0 or Cg“u ~ 10# #0
e Slight tension (2¢) in current B — 1"~ world average favours Cé\fu cRe T
® Recent data allow more space for right-handed currents
e Additional solutions with LFU components (Algueré et al, 1809.08447)
o SMEFT: b — c7v and b — sll anomalies = Large b — s77
(@7 Q3)(L3vuLs) + (Qv* o' Q) (Lavuo' L3) = 2[(Eyubr)(Fv*vrr) + (Bivuwbl))(Frvr )]
19
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Leptoquark Solutions 0.06 Buttazzo et al, 1706.07808

¢ :“‘ /" o U
\
b s b s 0.04 ‘\\ 20
LQ LQ \
—_— 0.02 \
\\
p pt u pt T e ===}
1
1
Legg = — TQA;]J/\SLB { 1 (Quo Q) (LA o Lz) ,'I
) — PN, = I; !
+Cs (@@} (L3y"LY)] ~004
-0.06 i o
U(2), ® U(2), Family Symmetry ©0.06-0.04-0.02 0.00 0.02 0.04 0.06
Cr
Angelescu et al, 1808.08179 Possible UV completions:
| Model | Rpee | Ry ” Rpe & Rycr) | = 4321 model Di Luzio et al
- - (Pati-SaIam)3 Bordone et al
S1=(3,1,1/3 v X* X*
Rl (3' ) 7/6) p - X = PS + VLF Calibbi et al
2T (,’ 7/6) = Warped PS Blanke-Crivellin
53 =(3,3,1/3) il v il = SUB) GUT (R, &S;) Becirevicetal
Ul - (3’ 1’ 2/3) v v v . S1 & S3 Crivellin et al, Buttazzo et al,
Us = (3’ 3, 2/3) X v X Marzocca
L]
A. Pich
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Lepton Flavour Universality in W Decays

e B e LA m s e e 2007.14040
ATLAS —a— LEP (Phys.Rept. 532 119)
ATLAS - this result

Is=13TeV, 139 b Statistical Uncertainty
: [ Systematic Uncertainty
—e— Total Uncertainty

—_—

98 1 1.0 104 106 108 1.
R(t/w)=B(W—1v)/B(W—-uv)

\

0.996 + 0.007 ATLAS
&) { 1.034+0.013 e
& 1.004 £0.016 Average
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Electron Anomalous Magnetic Moment

Washington 1987 +  f=————@——] a,

Stanford 2002

HIm(133Cs) e e

Morel et al, Nature 588 (2020) 61

New measurement of o

LKB 2011 A him("Rb) (@ o PP
- o —e— a~'(Rb) = 137.035 999 206 (11)
RIKEN 2019
h/m(*Cs) f—g@—
Berkeley 2018 - him(1%Cs) @ B
Y e 8.1 x 10~ accuracy
This work - h/m(*Rb) @ 89 20 91 92
s o ) B 2 5.8 o discrepancy with Cs experiment
(' = 137.035990) x 10°
S
— exp SM 3
Aa. = a.*P — a o )
2 107 g .
_ o - 8 (mJm,)? x 8a
(—8.8+£3.6)-107 (Cs, —2.405) 2 £ 5 Caalis
= 5 ) § AME2016 3 RIKEN 2019
(+4.8+£3.0)-1071 (Rb, +1.60) £ >3 g 5
8 - ER A
£ E s £
102 ==
a
A. Pich Flavour Anomalies
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Summary

Flavour structure and C/P are major pending questions

Related to SSB ==»  Scalar Sector (Higgs)
® Important cosmological implications (Baryogenesis)

e 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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Backup
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Anatomy of €’ /e calculation
/ Im Ay Im AP
€ V2[e| | Re A Re A,

.AE,X) = aE,X) [1 + AL .AE,X) + AC .AE,X)] Cirigliano-Gisbert-Pich-Rodriguez 2019

® O(p*) xPT Loops: Large correction (NLO in 1/N¢c)  FSI

® _ ; . () _ ;
ALAT), = 0.27+ 0471 i ALAY), = —0.50—0.21i

® O(p*) LECs fixed at N¢— oco: Small correction

AclAP]" =0104005 ;  Ac[AF)]" = —019+0.19

© lIsospin Breaking O [(m,—mgy)p? e’p”|: Sizeable correction
Qeg = 0.11£0.09
O Re(gg), Re(g27), xo — x> fitted to data
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Sensitivity to individual Wilson coefficients

Mandal-Murgui-Peniielas-Pich, 2004.06726

0.3 0.3
0.2 0.2
0.1 0.1
a )
& 00 0.4
g 00 g 00
-0.1 \ -0.1
—0.2] -0.2
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-3 -2 -1 0 -3 -2 1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2
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D* Observables
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It is not possible to
accommodate all
D* data at 1o

Cp = CSR — CSL
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q2 distribution
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Predictions from global fit:

Murgui-Pentielas-Jung-Pich, 1904.09311
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L D 2(}2 Z! {[57 (qLPL+quR)b+hc] +€7"(qv+75z}A)/}

!

v (o ol = 5

2]
=

{ngv» ngA}

161

Di Chiara et al, 1704.06200

Mz =200GeV Mz = 500 GeV 800|

B0

°

Many possibilities:

Mz =200GeV

- L“-L[ Altmannshofer et al, ...
= Z'+VLQ Kameniketal
= Fermiophobic Falkowski et al

= Horizon. Sym. Guadagnoli et al

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

ld (
7
W Flavour conserving Z'
td ! l
td (
W z' Kamenik et al, 1704.06005
Cad (
s b o s Leptoquarks
- Hiller-Schmaltz, 1408.1627; Bauer et al, 1511.01900;
Hiller- Nisandzic, 1704.05444; D’Amico et al,
}1* [T u* 1704.05438; Becirevic-Sumensari, 1704.05835; ...
Q
7 New Fermions and Scalars D'Amico et al, 1704.05438; ...

3 3
LFUV ‘ LFV Hyp = GB’LVAI’IL TLIATL v, = Z Ufsdue, 71, = Z Uty (o
i1

i=1

Glashow-Guadagnoli-Lane, 1411.0565
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. » Ukl . sy |Ubs|” .
B(B* = K*p*e™) = 2p%p [!1‘7“ B(BT — Ktytpm) = (2.167133) U%“ %1078
'L32 L32
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p Anomalous
Magnetic Moment A S o

Aoyama et al, 2006.04822 a:VP,LO . 1010
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Phn : No New Physic]
Pheno+LQCD | 1 )
600 650 700 750
— Lexp _ SM _ . —11
Aa, = aj; a;" = (279+76) - 10 (3.70)

New a, measurement eagerly expected
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p Anomalous
Magnetic Moment

Davier et al, 0906.5443
T T

T
T decays
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Keshavarzi et al
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Fitofall '~ ata: 368,84+ 1.30

Direct scan only: 370774261 —o—

KLOE combination: 366.88£2.15 g

Bagar (09): 376.7122.72

BESII (15 308152422
CLOCT 376692705 —e
B 30 385 400 405

9 GeV) x 10*®

32



CP Asymmetry

AN

-3.6£2.3+1.1)-107° BaBarll

T
& =T

+

(z’Jr - 7Z'+KS171)71—‘(T7 - ﬂfKSv,)
(

r —>7Z+KS17,)+F(T_ —)ﬂ'_KSVr) =

T — 7T+KS177> = (36 +0. 1) -1 073 Bigi-Sanda, Grossman-Nir

20%)

2.8 o discrepancy

=3
=1 Belle does not see any asymmetry at the 102 level
. — +
A T (b) AL ~ <cosﬂ cos ¢>T - <cosﬂ cos z/J>T
0.02}{ - data ! i 1
- —&— control sample bins (i) of W:\/E

A. Pich

-0.03

i 8 = K direction in hadronic rest frame

0

-0.01

-0.02

— ‘__*_
—+— 9 = 7 direction

BaBar signal incompatible (with EFT)
‘ ; with other sets of flavour data

L !
0.8 1 12 14 186

w (GeVIcz) Cirigliano-Crivellin-Hoferichter, 1712.06595

Rendoén-Roig-Toledo, 1902.08143
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