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Flavour Anomalies up to now

Hints of New Physics

Quark sector

Lepton sector




I (theoretical cleanliness)

Flavour Anomalies: First cleanliness.
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significance (o)

Z. Ligeti, Moriond QCD 2016

= Some channels are very clean, only limited
by present exp. statistics

» Other channels require careful assessment
of the theoretical error:
-> still useful in presence of NP correlations

= Very interesting pattern of anomalies...



B Anomalies

Hints of New Physics
* New Physics effects at ~25% of the SM
* New Physics scales:

1) From b - suu
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2) From b — crv
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s “No problems” with Atlas/CMS direct searches



B Anomalies: b —» czv and b - suu

I) Flavour Changing Charged Current b— c/l Vy (B — D($)Ty, ..
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2) Flavour Changing Neutral Current /) — s///

(B — K*up, B — opp, R, .. .)



B Anomalies: LFU -b - crv

Br(B — DY)
Br(B — D*)(v) eze,,u

Ry =

1 Once Upon a Time (2012) a tension from BaBar

R[D]:{ﬂ.44nin.n?2 BABAR } 2 0w

0.297 + 0.017 SM
y 3.40

R(D") = 0.332 + 0.030 BABAR 2 7o
| ~ 10.252+0.003 SM ‘

O Recently, LHCb has measured R, confirming the 3.3c tension
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B Anomalies: LFU - b - ctv 2 HEAG 2017
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B Anomalies: LFU -b - crv
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Rp+: SM < EXP at 3.3¢ Ry: SM < EXP at 2.26 R(D)
ad Combining the two observables, excess of about 4c

Belle



B Anomalies: LFU -b - crv
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B Anomalies: LFU -b - crv

Br(B — D™ 7v)
*) eze,ﬂ
Br(B — D™ iv)

Rp(=) =

Q Issues that need to be understood

Weak Matrix Elements:
form factors

*» Hadronic uncertainties?

Talk by

< The 1 is (experimentally) complicated? Fernando,
L. Henry (Thur)

* New Physics effects at tree-level? Talk by_
Nejc, Javier

30% t enhancement of the SM amplitude




: Br(B — DYy
® Anomalies Roe) = Br((B — D{*)Ey))

s Hadronic uncertainties: B - D Form Factors

Form Factors are lepton universal:
— uncertainties largely cancel in Ry

AC(B_~ Plv) _ GE Vol (@ —mP)VEE=mE [ (o o
dg? - 24p? gim? 2¢2 ) P — TP ) 1T+
B,
3m?
B Wé(mfg’{ L mgp)g fﬂ{gg} ’

el suppressed

For B — D: High Precision LQCD calculations over the high-g? region

p 2
m%q —m}j‘? m%; —Mp

(P(p)|b7ua|By(p)) = f+(a”) ('}J.u + Py~ — q#) + fo(q*) =% g,



Br(B — D™ rv)
Br(B — D™)(v)

B Anomalies Ro) =

. g . o HPOCD (arXiv:1505.03925, PRD 2015)
e Hadronic uncertainties: B — D Form Factors FNAL/MILC (arXiv:1503.07237, PRD 2015)

FLAG2016
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1.3 | I |
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1.2 fi HPQCD 15 8 :
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1.0 - x = fo HPQCD 15 8-
fo FNAL/MILC 15C F—é&—
0.9 —} i
F.-%
0.8 % £ —

' \ BCL fit - Form Factor errors ~10%
0.7 fo 4 - Use NRQCD for m, and m,
0 . . J | | | | - Systematic not fully studied

- -0.03 -0.02 -0.01 (.00 0.01 0.02 0.03

z{qgrtopt}
For B — D: LQCD form factors from high-g? region + BCL/CLN g% model

independent fit:
P Boyd, Grinstein & Lebed '96, Caprini, Lellouch & Neubert'98

BCL CLN



Br(B — D™ 7rv)
Br(B — D™)(v)

B Anomalies

Rp+) =

s Hadronic uncertainties: B - D Form Factors

. HPOCD (arXiv:1505.03925, PRD 2015) (E. Gamiz)

15 L1 12 L3 4 15 1D ENALUMILC (arXiv:1503.07237, PRD 2015)
| plot by R. Van de Water —HPQCD 2015 |
— FNALMILC 2015
Belle 2015
o % O BaBar 2009 | . . :
““}N f | w LQCD form factor

1 : | uncertainties (~1.2%) smaller
oty \%%% _ than experiment.

, Rl gy Lattice: R, =0.300(10) : 3%
I attice data  + 2 extrapolation i
N R e Exp: Ry=0.388(47) : 12%

4] 0.01 0.02 0.03 004 005 006

R,: SM < EXP at 2.2¢

For B — D: LQCD form factors from high-q2 region + BCL/CLN g% model
independent fit:  shape in good agreement with exp.



Br(B — D™ 7rv)

B Anomalies Rp) = Br(B — D&i)

s Hadronic uncertainties: B - D* Form Factors

Form Factors are lepton universal:
— uncertainties largely cancel in Rp.

dl'(B — D*ly)) G2 L mj
( dw ) :4;3 (mp — ’me")g(w2 - 1)1K2|T?EW|2X(U’T) |T"'t'.'!‘f'|2 |.;7:('EU)|2 + 0 (q_zﬂ)

(D*(pp+,€'™)|A*|B(pg))
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: Br(B — DYy
® Anomalies Roe) = Br((B — D(*I'Ey))

s Hadronic uncertainties: B - D* Form Factors

Form Factors are lepton universal:
— uncertainties largely cancel in Rp.

dl'(B — D*ly)) G2

dw 473

. ) mz
(mp —mp-)?(w? — D2 e [Px(w) Vo | | F(w)]* + O (q—;)

® For B — D*: No LQCD calculations for w<1: only calculation at w=1!

New results expected at Lattice 2017, Granada (June 21-26)




B Anomalies: b - crv

New Results on B - D™ (D) at Granada




Br(B — D™ 7rv)
Br(B — D™)(v)

B Anomalies Ry =

s Hadronic uncertainties: B - D* Form Factors

® For B - D*: No LQCD calculations for w<1

Q 3 FFs from model-independent fit of B — D* | v experimental data
+ 1 scalar from HQET

Gambino et al. 17

2 2 _ 2
mH+mD, q

2mpmp=

: ] CLN W=
20} ] BGL+LCSR

1.0 1.1 1.2 1.3 14 1.5
w Boyd, Grinstein & Lebed '96, Caprini, Lellouch & Neubert'98




. Br(B — DYy
5 Anomalies Rp) = Br((B — D{*)Ey))

s Hadronic uncertainties: B - D* Form Factors

Form Factors are lepton universal:
— uncertainties largely cancel in Rp.

dl'(B — D*ly;) B G2
dw 473

- - mz
(mg — mm*)z(wg — 1)1K2|’*’?EW|2X(W) |T";“'-"-1"|2 |f(-w}|2 O (q—;)

Q FFs from model-independent fit of B — D* | v experimental data + HQET

Theory/Fit: Ry.= 0.252(3): 1% Exp: Rp.=0.321(21): 6%

S. Fajfer et. al, 12, Ligeti et, 17, Rp«: SM < EXP at 3.3c
Gambino et al. 17




Br(B — D™ 7rv)
Br(B — D™)(v)

B Anomalies

Rp+) =

*» Hadronic uncertainties?

- Form Factors are lepton universal:
— uncertainties largely cancel in Ry and Ry«

- SM predictions of Ry.and Ry. are well under control

» Excesses observed at more than ~4o
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= . Belle 0.37570 o3 £ 0.026  0.20370 9% + 0.015
035 — LHCh 0.336 + 0.027 + 0.030
E i Exp. average 0.388 4+ 0.047 0.321 + 0.021
035 5 SM expectation 0.300 £ 0.010 0.252 4 0.005
025 = 1 Belle II, 50 ab™' £0.010 +0.005
T RiD)., PRD92,05451002015) .
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D_’) L+ 4 1 L vy | I T T T | R R T . .
02 03 0.4 0.5 ( E;ﬁ » Tensions observed at three Experiments
R(D

30% enhancement of the SM amplitude



. Br(B — DYy
® Anomalies Roe) = Br((B — D{*)Ey))

*» Hadronic uncertainties?

- Form Factors are lepton universal:
— uncertainties largely cancel in Ry and Ry«

- SM predictions of Rpy.and Rp. are well under control

Talk by
Fernando,

* The tis (experimentally) complicated L. Henry

(Thur)

“* New Physics effects at tree-level m




B Anomalies: b > czv and b - suu




B Anomalies: b - s uu
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At short-
distance

C,xbro*"s F,, +

Heff =JC, xb_y*s_ly“l+

AByg—=>K*117) oc C 9 4

— o e e

-
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b—s transitions: B,—uu

CVC:q“/y*( =0

1) No y interactions: no Cg ;

2) Only Z interactions: C,,
m,, m, GIM suppressed

3) Only t,W,Z contributions

To large extent, pure local interaction:
C,, - short-distance couplings: g2-independent!




b—s transitions: B,—uu

CVC:q“/y*( =0

1) No y interactions: no Cg ;

2) Only Z interactions: C,,
m,, m, GIM suppressed

3) Only t,W,Z contributions

To large extent, pure local interaction:
C,, - short-distance couplings: g2-independent!

2 2
Gia

2 Only one hadronic arameter:f
R EAAY / g Bs

(0|by*y,s|B%) =ig" fy

1“(8;J —),Lf,u‘) ~

«*hadronic uncertainties?



b—s transitions: B.—>uu

— FTAG2016 i
'—_: —l— FLAG average for Nqi=2+1+1
o H—{1— ETM 13E
'J_ — HPQCD 13
=

— FLAG average for Me=2+1 / \
— HHl— RBC/UKQCD 14
_: [ T | BBC/UKQCD 144 P t I I

H 14 C CD 134 (stat. err. onl
i hoeags” et et ractically
Z HIHH HPOCD 114 . I
i oy aces a Miraclel!

—— FLAG average for Me=2

L ALPHA 14 ) _ _
o~ T e ac 1) Continuum limit
f —_— ALPHA 124

—{ ETM 128 ] .
i £ 11 2) different lattice approaches:
210 230 250 270 290 MeV NRQCD and Relativ. b
Gia? 2 2 Only one hadronic parameter: f
0 +. -\ _ 2F 2 ¢£2 .

F(Bs — H U ) 64 mBs st ‘thvts‘ ‘Zmyclo‘ BS

3
T

*hadronic uncertainties under control

Lattice: ETMC, MILC, HPQCD

(0[by*y.s|B)=ig" g
fo =(228+4)MeV

k 2% hadronic uncertainty/




b—s transitions: B.—>uu

2 2

F(BS —>,u+,u‘) ~ GFaS

6471' més fst ‘thvts‘z Zmyclo‘z

Oy = (br's) tr* ys!

2% hadronic uncertainty

v BroX®(By—uu) = (2.8 £ 0.7)107° (25%) EXP 1.2 o below SM
@ BrSM(B,—uu) = (3.65 + 0.23)10° (6%) (small significance but ...)

C,, : short-distance coupling, g%-independent!




B Anomalies: b - s uu

u,c,t M
Taz v
Y7
+ W
box

From W.,Z,
top

Heff =

C,xbro*"s F,, +

C, xb 7*s ly“l +

Cyo xbLy“s ly*y|

-~

I T T

— o

-

BoKuu
BoK*uu

Complications by charm and

chiral loops



b—s transitions: Example B—>K*uu

dr(B—K*)/dg?

©ypoleC,: ©]largerecoil range  ® Jiw Resonances: ©low recoil region

chiral loops (non-local) y effects
1GeV2 <q2<6 GeV? (?>14.2 GeV?



b—s transitions: B—>K*uu

dr(B—K*1)/dg?

©ypoleC,: ©]largerecoil range  ® Jiw Resonances: ©low recoil region
chiral loops  Cg1(Z, t, NP) (non-local) y effects ~ Co10(Z, L NP)
1GeV2 <q2<6 GeV? g>>14.2 GeV?

top, g _
BSM particles C., xbo“"sF,,

Cyo xby“sly“ |

C, xbysly“




b—s transitions: B—>K*uu

dr(B—K*I1)/dg?

DW-J\ 1 L= J o E;::] 1= 14\ 15 1= J
Y Y

© ypole C,: @©]largerecoil range  ® J/iw Resonances: ©low recoil region

chiralloops — Cg10(Z,t, NP) +LDycC: (non-local) y effects  Co10(Z, L NP)

1GeV? <q?<6 GeV? g%>14.2 GeV?

Non-local Interaction (LD)

em AB—l em
-

Non-Factorizable Contributions”

Hai = (Sylc)(Ty} b)




(K*[Hg +H 5 [B) = Cogro (K*|Qr 010 |B) +(K*[H [ B)

G Hadronic Uncertainties: <K*‘Q7’9’10‘B>?

Form Factors?

ezmb — [TRY e - H 7 — ez
Q_: -5 O b F J ch:l(iﬂ-2 SL'Y bL]Yﬂ] QIO_

-5, Yb, Ty, !

161

Hp= Zen <K*y

2

AB=1 em
Hadronic Uncertainties: T(Heff (X)Jv (O))|B>

Non-local operators

Of = (5T %) (e Ty, Q5 = (sLyuer)(eLy*br)

H AB=1 |
eff _ _ _ _ a
O = (59ubr) 2-4(0*q) Oy = (59 TbL) 3-q (a7 T )




Form Factors
Determinacions?

B — K*: 7 form factors in QCD: V(92?), Ay 1,(d2),T1,5(9?)

F— T 1 T T T T T T T [ T T T T [ T T T T3
20}k e
- f’ -

Lattice ,ig‘;’:
15f '

= l.n:

0.5

0.0 .

0 9 0 15

© FFs by LCSR extrapolated at large g2are in
agreement with the Lattice ones.

15% uncertainties -> tough to improve it

LOW g% E(.~m,

LCSR:
A. Bharucha et al. 2015
(B —> K: Ball et al. 2004)

HIGH g?: gz~m?

Lattice:
Horgan et al. 2013
(B - K: E. Gamiz et al. 2016)



e Non-Local operators: charm and chiral loops 1016l

OF = (5yucr) ey br)
Q% = (507, TL) Y-, (7v*T*q)

+ (037(0)]B)

Hy " =Cs(m)Q ¢(m,) A

a) Easy Contributions: (no spectator effects): Factorisable effects: NLO QCDF

tot SD cc— fact / 2 u.d,s
C, =C;” +C, (q°) B - o
| ).

SD: Z,t, NP LD: charm b~ c s
gq%-independent q2-dependent c -
~4.0 ~0.4 Y N




e Non-Local operators: charm and chiral loops 1016l

OFf = (SLyuT en) (e TL)  Of = (5pucr)(ELy"br)
) 2_q(@"q) Qy = (57T %L) > (V" Tq)

Hi ()37 (0))[B)

a) Easy Contributions: (no spectator effects): Factorisable effects: NLO QCDF

C;Ot —_ CQSD + CSC— fact (qz) CchofaCt(q ) 7:;'3+E;cs+ zi:cs ; h(g.0) (cﬂ+§c4+1ﬁcs+%cs)

4 64
+h{q2m]( C1+Gg+ﬁCg+ﬁDG5)——h{q2 me) (?cg+3r:'4+?ﬁc5+—cs) (4)

SD: Z,t, NP LD: charm and f'= 4m /g
g*-independent g°-dependent £/ m o2 . motan o= 2>
~4.0 ~0.4 h(g',mq) = (lnﬁ_i_z)_§{2+z}mx N Y et R




o Non-Local operators: charm and chiral loops 1016l

Of = (57T L)@ " T L) 0f = (Spyuer) (@17 br)

Oy = (Spybr) Xp(@"a) O = (5r7T%z) X, (397T%)

0, = (Byfs)zy”e

b) Tough contractions: Non-factorizable power corrections (spectator effects)

u,d, s

S
bt’-‘ -

Khodjamirian et al,2010: g%<1 GeV?




e Non-Local operators: charm and chiral loops 1016l

OF = (5yucr) ey br)
Q% = (507, TL) Y-, (7v*T*q)

+ (037(0)]B)

HA = ¢ (m)Q (m)] # O, = (by{'s) ty*

b) Tough contractions: Non-factorizable power corrections (spectator effects)

tot _ ~SD cc—fac ¢ 2 CCNOF £ ~2 Talk by
Co =Co +C (@) +C " (97)

SD: Z, t, NP LD-fact: charm LD-no fact: charm

g’-independent g°>-dependent g°>-dependent
~4.0 ~0.4




o Non-Local operators: charm and chiral loops 1016l

Of = (SpyuTcr)(C#Td) Q¢ = (s jrer) eyt do)
Oy = (50, du) >, (G7*q) Qy = (BT d) Y (Y Tq)

(m|T(H ()3 (0)| K)

Non-factorizable Charm Loops from first principle.

N. Christ et al. arXiv:1504.01170, arXiv:1602.01374
Carrasco et al., arXiv:1502.00257

Only recently the same issue addressed in the Kaon physics by
from the Lattice QCD.



b—s transitions: B—>K*uu

dr(B—K*1)/dg?

1) Form-Factor s : “Factorizable power corrections”!

Two sources of QCD uncertainties

2) Non-Factorizable power corrections!




b—s transitions: B—>K*uu

dr(B—K*1)/dg?

@ WP . 5B, 5K )Br(B, KD

To large extent,
uncertainties cancel in

\

WP = BB, K 1 )/Br(BKHA)

super-clean and
clean observables

9 Angular Observables:P;’ anomalies

F.Kruger, J.Matias '05; J. Matias et al. >2010



B Anomalies: LFUon b -5 s

Super _Clean observables

At q2=[1,6] GeV2 Rk =

At q?=[0.045,1.1] GeV2  Ry.

At ¢?=[1.1,6.0]GeV?

Form. FEactors and Non- Factorlzable

~effects are lepton universal
i 3 _

r(B" — K pp™)

B 4
Br(B+ — Ktete—) 1+0o(107)

r(B° — K*utp™)
M(B° - K% ete™)

- 0.91+0.03

(BO—}K*D!{I—I_!{I
M(B° — K% ete—

} f100+001



B Anomalies: LFUon b -5 s

Super -Clean Observables Form. Factors and Non- Factorlzable"~~~...,

“effects are lepton universal
i 5 _

I (B+ — K+_,U-+,U- ) _4
0.745 % 0.09,00 £ 0.036s FK = Brigr S grare) — 1 OO0

|'

r(B° — K*utp™)
M(B° - K% ete™)

0. 5255 00T R =0.91+0.03

0. 660+g o +0.024 Ryk-

r BU K +0 +,,—
(B~ ‘“‘“; = 1.00 +0.01

M(B° — K% ete—

N o, ) e
Y - v g




B Anomalies: LFUon b -5 s

:_.6'_| L ] | | 1 T I ) f 1 |
14+
1.2
. - SM
 1.0F @
_ C ~3.70,°
0 8': ,// 2.60
o ‘/
0.6F L Hcb 2.60
()-4'b ............ |1|JIJt|J|:|—

04 06 08 1.0 12 14
S Re

1.6

GOING STRAIGHT
~3.70
by Pitagora Theorem

At g>=[1,6] GeV2



B Anomalies: LFUon b -5 s

N AN o

< 1.0
e
0.8
0.6
0.4

R, =1+0.23g5" — >R, =

B T AR paw g g T M W G o ey e g s R o e
- ol
- #SM
| 4
- /,

o LHcb
n ' BSM _ AL |
- gV—A z_0'5|
T T N TR T LI i e T ) AR N U
1.2 14

04 06 08 L0
S Re

1.6

——————————————————————————————

g |

At q?>=[1,6] GeV2



B Anomalies: LFUon b -5 s

Rg- ~ Rk — 0.4Re (Cyo) — Coo ) Talk by
| Bernat,
1-6_| ™ T 1 T 7 1T 1Tt ;T 111113 r‘.? JaVier (F”),
- k 3S £ & e > Owen (Fri
4F ~BSM /C}ﬁ?’f‘ﬁ? ot s B DHE (7L
]" - br My, / YR HI 7 |
1.2 - BSM -
- Hr 1
X L B Cy = E (CbLﬁL + CbLMR)
Q;;‘j 1.0 . :
0.8 ; g C{LU - § (CﬁL#H CbL,uL)
: R .___E
- t - D’Amico et al.
04 < B. Capdevila et al.
. N S T I T U T T Y N T T U S Y T Ty Sy T T | J CamaIiCh et al.

04 06 08 1.0 1.2 14 1.6 A Celis, J. Fuentes-Martin.
D. Straub et. Al
RK M. Ciuchini et.




B Anomalies: LFU on b -5 s

8CY = —0.5

5Cly = 1

Ri [1, 6] GeV2  [0.745 £ 0.0901.00047+09-0003

g S

) 02 L OOT
40 o e

0.79 ﬁ+u.[}u';'

U =0.003 —U.ULITI —U.UIIJE
Rg- [0.045, 1.1) GeV?| 0.66 +0.12 | 0.92070 008 | 0.88700; | 0911000 |0.86270015 | 0.981003

Ri- [1.1, 6] GeV?  |0.685 + 0.120| 0.9967(03
Ri- [15, 19] GeV? - 0.99810 001

q+0.02 ~40.04 ey 4-0.03 +0.02
ﬂ-fﬁ_u.m U.H.r_u_m n-";—u.m I-m—u_nri

PR 11 ~aa-H0.001 om0.004 | 1 on 440,007
n-”r’—n.nuz n-‘n%—n.nm ”-IH‘—|J.1Jtr.1 l-zn‘l—n.mm

1) C,,(BSM)>0 suggested!!!
2.
W o |
= > | Only from Super-Clean observables:
-2 J. Camalich et al.
D’Amico et al.
4 | , ' B. Capdevila et al.
-4 -2 0 2 4 A. Celis, J. Fuentes-Martin.
6Cy D. Straub et. Al

M. Ciuchini et.




B Anomalies: LFUon b -5 s

Obs. Expt. SM 8C} = —0.5|6CE = —1| 8Cly =1 |6CF = -1

Ry [1, 6] GeVZ  [0.745 £ 0.090| 1.00041 000081 0.7731 5003 |0.79710:002 | 077810 007 |0.796 10 003
Ri- [0.045, 1.1] GeV?| 0.66 +0.12 | 0.920107005 | 0.88%00; | 0.91100; 0.862100,7| 0.981055
Rk« [1.1, 6] GeV? |0.685 & 0.120| 0.99610002 | 0.781007 | 0.87003 | 0.73X0-03 | 1.201003
Ri- [15, 19] GeV* = 0.998%5 561 | 077675503 [0-793%5501 |0.7875 004 | 120475 008

v

1) C,,(BSM)>0 suggested!!!

Fit suggests nonzero C, = (C4-Cy,)/2

Only from Super-Clean observables:

] J. Camalich et al.
o] D’Amico et al.
_' B. Capdevila et al.
2 1 0 1 2 3 A. Celis, J. Fuentes-Martin.
6C5 D. Straub et. Al
M. Ciuchini et.




B Anomalies: B—>K* (—» Kn)uu: P the clean

Pl‘
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1 d'r

I T T T T I
e« LHCh o ATLAS prelim.
m Belle ¢ CMS prelim.

32n

[ SM from DHMV
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L [T ]
11
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|IIIILinIIII

1 1 1 1 1 I 1
10 15

g* |GeV?/ ¢4
LHCb Belle
2013: 1fb~! data 2016: Pt ({ =p.e)
3.70in [4,8.3] 2.500n [4,§]
2015: 3fb~! data
2.80in [4,6]

3.00in [6.8]

dl'/dq? dcos B d cos O dpdg®

1 4

0 13 1
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Atlas: tension

consistent with
LHCb and Belle

CMS: consistent
with SM
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B Anomalies: B—>K® Brs: going to dirty obs

Various measurements of branching ratios are low compared to
the SM prediction

Decay obs. g2 bin SM pred. measurement pull
B - K%t Fr 2,4.3] 0814£0.02 02640.19 ATLAS 429
BY - K% Fr [4,6]  0.744+0.04 0614+006 LHCh +1.9
o]l o0+ — / _ _ ! —
B = K*%u*p Ss [4, 6] 0.33£0.03 —0.154+0.08 LHCb 2.2 [Altmannshofer, Straub
BY - K*%u+pu~ P! [1.1,6] —0.44+0.08 —0.05+0.11 LHCh —29 !503.06199]
B - K% *p~ Pt [4,6] —0.77+£0.06 -0.304+0.16 LHCb —28

B - K*pfp~ 10745 [4,6]  054+008 026+£0.10 LHCb +21
B? - Kutp~ 10° GF [0.1,2] 271£050 1.26+0.56 LHCb +1.9

B 5 K%t~ 108 ﬂﬂgﬁ [16,23] 093+0.12 037+£022 CDF 422

Bo—outy~ 107 9BR [16)  048+0.06 (023+005) LHCb (-3.1)

[recently updated, LHCB 1506.08777] 0.26 £0.04 +3.

(] |

Talk by

New Physics? Bernat




B Anomalies: all together

BT T
2 :_L=-.-:t'.'::‘;}'1:.»,;;.. O [ o ]
: A atad  Super-clean observables
T N | o= el + clean Py
o3 H @: ,}5 IZI Ha]  +dirty obs (Br, ..., F)
T B e —
L e R <1 Overall it still suggests a nonzero
23 | | I ' CL=(Cy-Cyp)/2
‘3__"3- - -_52- . -_51- — 1' = é - 3 From B. Capdevila et al.
Co,

Talk by

Bernat




Flavour Anomalies: What Next

< Many tensions at <3 o : Thanks GOD!

< Intriguing correlation is emerging: “y are ~15% less than expected”



Flavour Anomalies: What Next

< Many tensions at <3 o : Thanks GOD!

< Intriguing correlation is emerging: “y are ~15% less than expected”

- LHCb: Electron/Muons efficiencies?

-Hadronic Uncertainties: no way!

, _ » Exp. error 3 times larger
Please, improve than the Theory one.
Bs—uu » Exp. central value 1.2 ¢

below the Theory one.

h e ——

- New Physics? < » strong and clean test of C,,

-

» C;, = SM -> NO extra V-A currents

I:> Then extra U(1),, ?

oon TN N

/



Flavour Anomalies: What Next

< Many tensions at <3 o : Thanks GOD!

< Intriguing correlation is emerging: “y are ~15% less than expected”

- LHCb: Electron/Muons efficiencies?

-Hadronic Uncertainties: no way!

S

:’ Improve B — uu _0.82 + n_ns
1
i
i Improve Ry and Ry 10%
- New Physics? J Impossible to reduce
P. obs still important QCD uncertainties

from now on.

Rp from Lhcb?
llAnomaly arises from the Ry -R. correlations!!

- ———— -
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Flavour Anomalies: What Next

< Many tensions at <3 o : Thanks GOD!

< Intriguing correlation is emerging: “y are ~15% less than expected”

- LHCb: Electron/Muons efficiencies?

-Hadronic Uncertainties: no way!

S

Improve B.— uu Jp to now,

very difficult to fit all the
tensions in one model!

Improve R, and Ry

N iy

- New Physics? *
P, obs still important

Rp from Lhcb?
llAnomaly arises from the Ry -R. correlations!!

- ———— -
,’



Flavour Anomalies: Conclusions

Thanks
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