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Summary
e Experimental results that challenge SM predictions

 Anatomy of flavour observbles in 331 models

e Deviations in angular observables in B — K* p* p-

e Correlations among observablesin B — K" v v

Based on works in collaborations with
e A.J. Buras, J. Girrbach
e P. Colangelo, P. Biancofiore
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Recent results for flavour observables
deviating from SM predictions

BR(B, — p" p) close to SM while BR(B; — p* p-) higher than its SM value
(LHCb + CMS)

LHCb and CMS. arXiv:1411.4413

from
Gaia’s talk
yesterday

BR(Bd) = (394 +l_53_1_4‘1 +0.31 0.4 )K ]0—11]

0.20 observed (7.60 expected)
BR(Bs) = (2.797066_ . *036  )x 10°  3.20 observed (0.80 expected)

B(B. = p p )sm = (3.65 £0.23) x 107°
B(Bg — pTp " )sa = (1.06 £0.09) x 1019
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Bin analysis of angular observables in B — K" p* p- deviate from SM
(LHCb)

1

4T 9

dU/dq” dcosbydcosOdddq® 327

[f_l(l — Fp)sin0y + Fpcos?0y + }1(1 — F)sin’f g cos26,

— Frcos? 0y cos2f; + S3sin®fgsin®f; cos2¢ + Sy sin2@ sin26; cose

+ S5 sin260y sinfl; cos + Sesin®0y cosfy + S4sin20 sinf, sing

+ Sg sin260 sin26; sing + S¢sin’f gsin’d, sinic_f)],

Form factor (almost) pr B
independent observables: i=4568 JER0=-F)

S J=4,5,78
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Observables in B — K" pu* u -: LHCb results
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One measurement
turns out to be discrepant

LHCB Collab.
PRL 111 (2013) 191801
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| discuss predictions for these observables
* in 331 models

* in comparison with RS model with custodial protection

A.J. Buras, J. Girrbach, M.V. Carlucci, FDF JHEP 1302 (2013) 023
A.J. Buras, J. Girrbach, FDF JHEP 1402 (2014) 112

P. Biancofiore, P, Colangelo, FDF PRD 89 (2014) 095018
& 1408.5614
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P. Frampton, PRL 69 (92) 2889
F. Pisano & V. Pleitez, PRD 46 (92) 410

Gauge group: SU(3). X SU(3), X U(1),

Spontaneously broken to  SU(3). X SU(2), X U(1),

Spontaneously broken to  SU(3). X U(1),

Fundamental relation: o 1. g1 2

~N

Key parameter: defines the variant of the model

B=£1/V3, + 2/\/3
* |ead to interesting phenomenology
e for B=i1/\/3 the new gauge bosons have integer charge




New Gauge Bosons

Extended Higgs sector

New heavy fermions

A new heavy Z' mediates
tree level FCNC in the quark sector

Three SU(3), triplets, one sextet

D,S ,T new heavy quarks

E,

new heavy neutrinos (both L & R)



331

de quark mlxmg

Quark mass eigenstates defined upon rotation through two unitary matrices U, & V,

Vekm = U £ Vi

In contrast to SM only one of them can be traded for VCKM,

the other one enters in Z’ couplings to quarks

— — - - -a = . - B 5 _5 N _ _ 5 B N . 5 5
( ClaC13  S12623€"% — G12813823€'1702) G1983813™ + §1o8pe’(02T08) \
G1ag1oe 03 Foa S oo oi(81—82—6 = a6 5
—C13812€ 93 C19C23 + 31231332381( 1—02—03) —31231302351{ 1—9d3) ida
'i'al 'f-é;r

Vi = — C12823€

—813e" —C13823€ €13€23




A o
W‘< iLp(Z) =i [Qai%)(swm) + éﬂaﬁz)@wp,;d) + 3%29(%“&3)} Z,
i /

DY

depend only on four new parameters:

FCNC involve only
left-handed quarks S13. 593. O1. O9

By system — only on s;;and 9, Specific feature of
this model

B, system — only on s,;and o, Not true in general!

K system — on s;;,s,; andd, -9,

stringent correlations between observables expected




Oases in the parameter space
from AF=2 observables

AM, S ¢ AM S
Mass difference CP asymmetry in Mass difference CP asymmetry in
in the B, —B, system By —J/v K in the B, —B, system B, =J/y ¢
SM loop contribution tree-level NP contribution
Example of NP contribution: d uct b d b
L. —-‘Tﬂ—rﬂ—
The case of By mixing 7
B gﬂ-r gﬂf BY BO RO
.=, =,
b UGt g b d

Imposing the experimental constraints:

0.48/ps < AM,; < 0.53/ps,

0.64 < Sy, <0.72)

16.9/ps < AM, < 18.7 /ps,

One finds the allowed oases for the parameters

S135 Sy3 >0 & 0<0,3<2w  0<0,5,<27

—0.18 < Sy < 0.18
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Example for 3=-2/v3

Oases in the parameter space from AF=2 observables

0.90-0.01 = C'Bj = 1.10+0.01

004 006 008 010

4y [rad)

0.00 0.0z
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constraint from SW

constraints from AM,
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SM effective hamiltonian — one master function Y(x,) iy = mi /M3,

xp (xe—4  3rilogTe ; ’
Yo(z) = ¢ (It — @ — 1)2) independent on the decaying meson

and on the lepton flavour

7’ contribution modifies this function to:

ARF(Z")
M 3’? ng

birze
AT (Z")
ViaVib

Y(By) =Y (x¢) + ! = |Y (B,)| "
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SM effective hamiltonian — one master function Y(x,) iy = mi /M3,

xp (xe—4  3rilogTe ; ’
Yo(z) = ¢ (It — @ — 1)2) independent on the decaying meson

and on the lepton flavour

7’ contribution modifies this function to:

N\

v |22 @%“(Z’) _ "
Y(qu =Y (r¢) + IM%’QEM] “,% = |Y(B£I)|'3
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SM effective hamiltonian — one master function Y(x,) iy = mi /M3,

xp (xe—4  3rilogTe ; ’
Yo(z) = ¢ (It — @ — 1)2) independent on the decaying meson

and on the lepton flavour

7’ contribution modifies this function to:

A qb 7! .
Y(Bg) = Y (zt) + ?iAF_% (5))] Q‘L( ) = |Y(Bq)|e‘"9}f

* p—
SM tq ' th
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The decay B — K" put

H I = 4

Gr
‘\d/_ =

_21":‘.51"? {C]Ol + Ch0, + Z C;O; + z [C‘io’-‘- + G:O:] }

i=3,..,6 i=T,..,10,P,§

Most relevant operators

€ = s
07 = 15ﬁ2mb(SL°‘g# bRa:lF#u
I _ E — ;_LIJ'
07 = lﬁﬁzmb(sgaa bra ) Fuw
e’ -
OQ = 1672 (SLaﬁfprc:} E":r‘#f
r E2 — 1! )
e? u _
Oy = lﬁﬁz(s,:a’r bra) €yust
! Ez — 1! 7.
Oll} = 1672 (SRr:t’T bRa] g’)“pf}'ﬁg

Magnetic penguin operators

Semile

5 O
[}

penguin operators

Fulvia De Fazio
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The decay B — K" u*

How large should be the NP contributions to the relevant Wilson coefficients
to explain the observed anomalies?

The result depends on how many coefficients
are assumed to be affected by NP

W. Altmanshofer, D. Straub
EPJC73 (2013) 2646

d

Fulvia De Fazio 16



Wilson coefficients Cy and C,,in 331 models

Cy = EM + Ggpa Cho = Olséﬂ + C{%P CQSM ~ 4.1, CIS[I],VI ~ —4.1
bty A 7 7t _ &sb 7! &#ﬂ 7!
SiIlQ QH’CNP _ 1 &SL (Z )ﬁv (Z) 81112 6W’C%P = —— 1 - L( 1 A ( )
’ 95M 7 VisVip 95mM 7 VisVio

Fulvia De Fazio 17




Wilson coefficients Cy and C,,in 331 models

SM
Cio = CTy

sin’ QwC%‘IP = —

1

AP(ZAF(Z)

2 A/2
95M 7,

VisVie

Fulvia De Fazio

The same coupling entering in AY
governing B, y — pu*
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B(Bs—u*u)[107°9)

B(Bg—u*u~) (1077

B=-2/V3, Mz

B=2V3,Mz =3 Tev
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B(Bs—u*u) (1079

B(Bg—u*u~) (1077
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Sd-K 5

S“’KS

0.74¢
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0e6ar
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BR(Bg —p"w)
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0.74F 3
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In this model independendently of 3 the large exp result for

BR(B; —u"w) cannot be reproduced

Fulvia De Fazio
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The B — K™ pu* u- anomaly in another NP model:
RS

c

Fulvia De Fazio
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Main features of the RS model

L. Randall, R. Sundrum, PRL83 (99) 8370

Planck (UV) brane

N

e

ds® = e 2y, da"dz’ — dy?

k ~ m(ﬂ’-rp!anﬂk }

e All fields propagate in the bulk, Higgs localized close to or on the IR brane

e possibility of solving the hierarchy problem

e Explaining the observed pattern in fermion masses and mixing

Fulvia De Fazio 23



Agashe et al, PLB641 (06) 62

Custodially protected RS, model Carena et al.,NPB 759 (06) 202
Cacciapaglia et al PRD75 (07) 015003

Gauge group enlarged to SU(3), x SU(2), x SU(2) x U(1), x P ¢

~N

Implies a mirror action
of the two SU(2) groups

Benefits:
e Prevents large Z couplings to left-handed fermions

e Consitent with electroweak precision observables without large fine-tuning
even for KK masses a a few TeV (LHC reach)

Particle content:
SM particles+ their KK excitations
New particles

Zero modes identified with SM fields
Boundary conditions distinuish fields with or without a zero mode

Fulvia De Fazio 24



Tree level FCNC in RS, model

firLm

. k ) -
—i fespem YuFLom i XF

Serim

X= A (1st KK of they)
Z,Z,,,Z (from mixing of 0- and 1-modes)
GW (1st KK of the g)

N\

does not contribute to decays
to leptons

New contributions to the Wilson coefficients

Fulvia De Fazio
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Parameters of the RS, model

KK decomposition for each field: F(z,y) = \/% Z FF) () £ ()
i

N\

/ \

effective 4D fields 5D profiles

Fermion profiles (0-mode) f':m[:y,c} _ J (1 —2¢c)kL o—cky
e

(1—2c)kL _ | \

N

bulk mass

Bulk mass parameters are the same for left-handed fermions of the same generation:
(u d)|_ (c S)L (t b)L (e Ve)L (]J Vu)L (t VT)L

Fulvia De Fazio 26



Parameters of the RS, model

4D Yukawa coulings: yuld _ 1 1

ij ﬁLajz

L
f dy N5 1 W1, ()h(Y)
0 / L R\"R

5D Yukawa matrices

Constraints: A%d should reproduce v det(A*)  eFt
my =
e quark masses > V2 AL AL, — AL AL,
* CKM elements b Y Afa ALy — )uga)uage
\ V2o M
v
VC‘HM — HEDL My = —= /2 A33 L fthtH ,

fULfHR

7 ferfen

}

quark rotation matrices
depend on the A“delements

Fulvia De Fazio
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Results

ACy X 107

- Constraints from V and V

‘ - Constraints from V_and V,,

- Constraints from Brs

-0.06 =004 -0.02 000 002 004 0.06
AC,

B(B — K*'pu"pu )ezp = (1.02 £013 £0.05) x 107°,
B(B — X 7)exp = (3.55+0.24 £ 0.00) x 10~*

Fulvia De Fazio 28



Results
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Largest deviations from SM results:
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Results

App[GeV7?)

Ps'[GeV™?]

SM result.
Uncertainty on FF taken into account

RS, result.
Uncertainty reflects only
the variation of input parameters

RS, result.
Uncertainty reflects
the variation of input parameters & FF errors

LHCb Data

Deviations from SM results are possible
Presently hidden by hadronic uncertainties
Anomalies in data cannot be explained

Fulvia De Fazio
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Results: T in the final state

BoK*th 1t

ApplGev?]

ey = .
- - —eeea LY
/,’_' )
,

—P,'[GeV7Y

13 14 15 16 17 18 19 20

7 [GeV?]
B-oK*tt 1~
ol
-1 e No measurements available yet
2 Thsal to test SM
3f \’l ]

Fulvia De Fazio
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More results

BBy — pt p)x 1010
] [¥'%] He I;J'I_

fa—
T

N

Modification wrt the SM: C,; => C;y-Cyy
- RS, result
vl — - SM reSU|t
20 25 30 35 40
B(Bs — p* p~) x 10° - data

In a region of the parameter space the SM result is reproduced
The allowed range in RS, is larger than in SM

B(B, — ptp~)|ps € [2.64, 3.83] x 107
B(Ba — ptp~)|rs € [0.70, 1.16] x 10-19

BR in the B, case still lower than data
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their relative weight
can be assessed introducing:

in the SM:

in RSc:

More results:
decays B -> K" vV

He_;l"_il" = GL.GL + GRDH

N

~

DL, = {EE}L’_A l:f-"I.-"}],’ —A

Op = (bs)vpa(Pv)v_a

2 _ CL]® +|Cr[? ___Re(CLCR)
[CEM)? ICLI? +|Cr[?
'[:E: ﬂ}SM — {1[}]
P ( ] ™| n deviates from 0
= [ ]

Fulvia De Fazio
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More results:
decays B-> K" v v

P - o
1 T I
E 'E H.Dﬂg :T GE—
= = ﬂ.lﬁ? E ::
C BE kv L B S S
B(B* »K'vi) BB — K v o 10°
B(B® = K%w)sy = (4.6 +1.1) x 105 B(B" — K*"vp)sy = (10.0£2.7) x 107°
B(B" —+ K"ri)gps € [3.45 — 6.65] x 107° B(B" —+ K*vr)ps € [6.1 — 14.3] x 107°
Belle BaBar
B(B* — K+up) < 5.5 x 1072 BBt -+ Ktvp) < 1.6 x 107°
B(B" = K3vi) < 9.7 x 107° B(B" — K"vi) < 4.9 x 107
B(BY - K*tvi) < 4.0 x 107° B(Bt —+ K**vi) <64 x 1077
B(B” = K*%wp) < 55 x 107° . B(B" = K*vp) <12 x 1077,
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Observables in B -> K*) v v ‘

Integrated K* polarization fractions 'E 1’
1 [Tk dFpr L
FL.,T = — f dsp — . T :
I Jy dsg E +
G
Ratio of BRs of K mode and K* mode e e __
with transversely polarized K* o :
‘-
B(B - Kvrp) Tt
Ry k- = - ~ - - T
B(B—+K{__,vi)+B(B—K{_  vi) )
r R
0L 1] o7 AT 0ns 09 o
Transverse asymmetry s
4. BB K v9) - B(B—Kj_,,vp)
""BBSK,__ mw) +BBK;__ )’ <,
(=
B T T T R T R
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Observables in B -> K*) v v ‘

Integrated K* polarization fractions § “
1 [ dFpr % i
Fror== d — . 3
L.T I L 5B iﬂg B

-] af

%

Ratio fo BRs of K mode and K* mode o
with transversely polarized K* o f
£

B(B — Kuvp) Tt

Ry k- = : - " - T
B(B—+K{__,vi)+B(B—K{_  vi) E +

(

Transverse asymmetry

B(B - Ki__,vi) — B(B = Kj_., vp)

" BB—K;__ ) +BBKi_  vp)’

At

Rk
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Conclusions

* 331 models might be in accordance with data but

- Re[C, ] cannot be smaller than -1
- for B<0 the 1 bin -deviation in Py”in B — K" " p= can be softened and BR(B, —p ‘)

can be shifted closer to data
- by no means the experimental datum for BR(B; —p"t) can be reproduced

RS, predicts Wilson coefficients that may deviate from SM ones

Deviations are not enough to explain present puzzles
T modes represent interesting cross check of SM predictions vs NP scenarios

multiple correlation pattern among observables exists in neutrino modes
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backup
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ACy =

AC) =

AC )y — —

AC, = —

Modified Wilson coefficients in RS, model

Blanke et al, JHEP 0903 (09) 108
Albrecht et al, JHEP 0909 (09) 064

Fulvia De Fazio

AY. iy AEE
—_4&2 &};: 1 . &L(X}E IZ&R(X}&%S{X},
| sin? (A ) Vi Vit AM% gs, 4

[ AY! | 7. e

= _4AZ’ ; 1 ﬂL(X}—ﬂR(X) bs
« 2 ] S —

_smﬂ{hf/w} ) AY, ﬂbv{; IMZgZ,, AF(X),
—— A¥(X .

sin” (6w ) 7= o Y g AV (X)

AY, thVis 5 gSM sin” (fw )
sin(fy) A7 — 1 Z A%(X) &t_,'f{X} |

* VsV Sfl!f;{gizgm Siﬂz[l‘?ﬁf)
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ACy =

ACY =

Al — —

AC), = —

__ : — ) Blanke et al, JHEP 0903 (09) 108
Modified Wilson coefficients in RS, model | albrecht et al, JHEP 0909 (09) 064

[_AY, £ {280)
_4&2_ Y, = P}E,V*Z Abs(X) |

N—t12 93

| sin {HW)
[ AY! | Iy,
——— —4AZ, P (J’X— AR(X) Abs
_smziw) | AY; = -3~ AVEE A%(X),
in” l; ' ﬂﬁ(X} bs
sin” (6w ) e Abs(X) |
AY] 8M 5 g5y sin (fw )
sin(fy) A%(X) &t_,'f{)f} |

X SM i— g% M sin? (Bw )

Couplings to leptons
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ACy =

AC) =

AC )y — —

AC, = —

Modified Wilson coefficients in RS, model

AY]

3

Sinz{lgw) ?

Blanke et al, JHEP 0903 (09) 108
Albrecht et al, JHEP 0909 (09) 064

AY, Ko (R) {28
— — 4&2 Y. = L ﬂbs
| sin? (A ) | F}E,V* Z \-44142
[ AY] | I
——— —4AZ] ' — AR(X) [is
i Eiﬂz{zﬂ'ﬁa’) ] &Ys - 41?'-4:1?{_9_25“ (X} ?
AY,
e , £f
Sind{:f}w) ﬂ‘R (X} &bLS{X:]' :

2 2 a2
+~ 8M% g5y, sin

8M% g2, sin’ [6‘7 )
ﬂfﬂ X .
S L AR(x)

W)

Couplings to leptons

Couplings to quarks

Fulvia De Fazio
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Modified Wilson coefficients in RS, model

New contributions to C, ; are still loop induced

(AC{), (AC{)s (ACE)s

Fulvia De Fazio
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