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What can be learnt about NP
from flavour observables
in the Flavour Precision Era (FPE)?

Ingredients of this contribution
e overview of existing problems

e sketch of forseen directions
 theorygb




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)

B(Bs = ptp™)=(29+0.7) x 107°
B(Bg — ptp~) = (3.6£14) x 10710

B(Bs — pt i )sa = (3.65+0.23) x 107
B(Byg — p " )sa = (1.06 +0.09) x 10719
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Bin analysis of angular observables in B — K" p* pn- deviate from SM (LHCb)
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SM Predictions

Form factor (almost)
independent observables:

P i=4,568

One measurement

3 turns out to be
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B — D) TV,

Recent BaBar measurements: BaBar, PRL 109 (2012) 101802
o BB =Dt ) Cmen BB =D )
R(D) = BB D o) ~ 0.429 4+ 0.082 +0.052 , R~ (D*) = BB D5y~ 0.322 +0.032 £ 0.022 ,
B(B° = D*r ;) B(B" = D**r~ i)
0 _ T/ __ 0 *\ ) _
R°(D) = B S Do) 0.469 + 0.084 + 0.053 , R"(D*) = B S D5 0.355 + 0.039 + 0.021

* BaBar quotes a 3.4 o deviation from SM predictions

* main question arised : is this related to the enhancement of BB =t v,) ?

/-\ ..but...
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SM prediction for
| Vub|=0.0035 + 0.0005
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Which direction should we follow
in the Flavour Precision Era (FPE)?

Three points for discussion:
e what can be learnt about NP from flavour observables
if the lightest NP messanger is a new Z’ gauge boson?

e are there other observbles to be considered
in an improved experimental environment to understand the deviation in P." ?

e are there other modes that can show an anomalous enhancement as R(D) and R(D*)?




Anatomy of 7’ Wlth FCNC in the FPE A.J. Buras, J. Girrbach, FDF

JHEP 1302 (2013) 116

* There exists a new neutral gauge boson Z’ mediating tree-level FCNC processes
M,=1TeV -3 TeV

e Existing data constrain Z’ couplings to quarks

z’ ta ) )
idap | A7 (2') P, + AF(Z') Pr]

] 3

Four possible scenarios for such couplings can be considered

[

. Left-handed Scenario (LHS) with complex qu # 0 and All’g = 0.

[R)

. Right-handed Scenario (RHS) with complex A%] # () and All’;q = 0,

o

. Left-Right symmetric Scenario (LRS) with complex Al}? = Alg # 0,

4. Left-Right asymmetric Scenario (ALRS) with complex qu = —Al}? # ()

Predictions on correlations among flavour observables provide the path
to identify which, in any, of them is realized in nature




Oases in the parameter space
from AF=2 observables

AMd S’q)KS AI\/IS qu)
Mass difference CP asymmetry in Mass difference CP asymmetry in
in the B, —B, system By —I/ K, in the B, —B, system B, =/ ¢
SM loop contribution tree-level NP contribution
Example of NP contribution: ‘f u, G t lz d b
The case of By mixing _
BY W W B RO B°
Z u, z‘ t :1 b d
A bs = ; -
AP(Z) _ 5 sy A (Z" _ S8 sy
A[Z’ j\-[Z’ -"\[Z’ AIZ’

Imposing the experimental constraints one finds the allowed oases for the parameters

0.48/ps < AM, < 0.53/ps, 0.64

S ‘S'-z;';l\'s S 0.72

S;3, S;3>0 & 0<0,3<2w 0<0,3<27

16.9/ps < AM, < 18.7/ps,

—0.18 < Sy < 0.18!




B, system in LHS1 scenario

AM, & S,,, LHST

| K.
A

Blue regions come from the constrainton S,
Red ones from the constraint on AM,

4

\f\ Four allowed oases:
] two big ones & two small ones

0.005 0.010 0.015

Sn

So3 Oa3
A{(S1) || 0.0016 — 0.0061 | 49° — 129° |R&

As(S1) || 0.0176 — 0.0181 | 87° —92° |EEyEl
As(S1) || 0.0016 — 0.0061 | 229° — 309°
Ay(S1) || 0.0176 — 0.0181 | 267° — 272°

e

How to find the optimal oasis?




The decay B, — u* w

SM effective hamiltonian — one master function Y(x,) w, = mji /My

It Iy — 4 3l‘t log It : :
Yo(z) = -1 @-1z)| — independent on the decaying meson
and on the lepton flavour

7’ contribution modifies this function to:

/\
Az INAP () - A% (7! 5B
Ya(Bg) = 1y Yo(ze) + [M"‘Q—(g)] L) — D = [Ya(B,)|e?r
1 Z193M / tq't \\

v

. . e a new phase
The various scenarios predict different results

S;+p_ — Sin(zaya - 2(PBB) =

Theoretically
clean observable:

, ~~ phase of the function S
l entering in the box diagram
vanishes in SM

the new phase involved
LHCb 1211.2674 SM

B(B, — ptp~) = (3.2515) x 107? B(Bs — ptp )™ = (3.23 +£0.27) x 107°




The decay B, = u* w
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Excludes the small oases
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b—svv

B(B — Kvi)gy = (3.64 £0.47) x 1075, B(B— Kvi) < 1.4x 1077,
B(B — K*vv)sm = (7.2+£1.1) x 107° | B(B — K*vv) < 8.0x 1077,
B(B — Xwir)sm = (2.7+0.2) x 1075, B(B— Xwv) < 6.4x107%,

Qo LHS1 (blue) & RHS1 (brown)
Sensitive observables

-
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B(Bs—u'p) [107%)

Clear distinction between LHS and RHS
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The decay B — K™ u* w

Gr

Helf — —4—=Vu V. {0101 + C20, + Z GiO; + Z

7

i=3,..,6 i=7,..,10,P,S

[C;0; + ClO)] }

Most relevant operators

€

O7 = 1672 mb(§LQO'”VbRa)F#,,
e
I7 = mmb(§}200"wb[,a )Fy,u
e? -
Og = 16_2(§La7#bLa) byul
o2
1’:) 16x 2(5Ra7 bRa) e’)’p.
e? _
O10 = 1672 (5La7"bLa) Cyuyst
/ 62 7.
Oy = 1672 (5RaY"bRa) Eypyst

E—— Magnetic penguin operators

penguin operators

Semileptonic electroweak

Fulvia De Fazio
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The decay B — K™ u* w

How large should be the NP contributions to the relevant Wilson coefficients

to explain the observed anomalies?

The result depends on how many coefficients
v W. Altmanshofer, D. Straub
are assumed to be affected by NP EPJC73 (2013) 2646

~

Re(Cy)

Fulvia De Fazio
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B — K* + - L. Randall, R. Sundrum,
Hopoin RSC PRL83 (99) 8370

™S

SM (IR) brane

Planck (UV) brane

k ~ O(MPlanck)

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

Agashe et al, PLB641 (06) 62
Gauge group enlarged to SU(3), x SU(2), x SU(2), x U(1), x P, Carena et al, NPB 750 (06) 202

\ Cacciapaglia et al PRD75 (07) 015003

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




Particle content:
SM particles+ their KK excitations

New particles
Zero modes identified with SM fields

Tree level FCNC in RS_ model

finm

—i frl A o Ve Promy f: X*

fk,l.-{ R)

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

New contributions to the Wilson coefficients

Fulvia De Fazio
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Parameters of the RS_ model effective 4D fields

KK decomposition for each field: | F(z,y) = % > F®(z)f®(y)
k N

™S

5D profiles

Fermion profiles (0-mode) .
p f(o)(y‘ C) _ \/ (1 — 2(‘)]\[/ —cky
[ ]

e
(1—2c)kL __ =

Bulk mass parameters are the same for left-handed fermions of the same generation:
(ud), (cs), (th), (eve) (uvy) (Ttv))

| 1 1 [F d) +(0 o
4D Yukawa coulings: yed _ - - du \*¥ (1) (0) h

5D Yukawa matrices /

Constraints: A“d should reproduce remaining independent parameters
e quark masses ||- » » N
* CKM elements 12 13 » 23

d d d
’\12 ? ’\13 ? /\23

Fulvia De Fazio 16




Results

P. Biancofiore, P. Colangelo, FDF

PRD 89 (2014) 095018
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Largest deviations from SM results:
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Results

SM
Uncertainty on FF taken into account

ArplGeV7?

M|
Uncertainty reflects only
the variation of input parameters

o .
Uncertainty reflects
the variation of input parameters & FF errors
% b
S LHCb Data
n
* Deviations from SM results are possible
* Presently hidden by hadronic uncertainties
% * The anomaly in data cannot be explained
5
-19 5 10 15 20
7 [GeV?*] 18

Fulvia De Fazio



ApplGeV7?]

T in the final state

-01

No measurements available yet
to test SM

Fulvia De Fazio
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Deviations in B — K" u* - distributions
and correlations with other flavour observables
in 331 models

Fulvia De Fazio
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P. Frampton, PRL 69 (92) 2889
331 Models: general features 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)4

Fundamental relation: O=1+p1,+X

~

Key parameter: defines the variant of the model

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

New Gauge Bosons, with charges depending on the chosen value of

However: always present a new neutral Z’

Mediates tree level FCNC in the quark sector



B(Bs-»u*u~) (1077

B(Bs-u*u~) (1077
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. A.J. Buras, J. Girrbach, FDF
Correlahon JHEP 1402 (2014) 112

between Cy, and BR(B, —p™p)
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B(Bs-»u*u~) (1077

B(Bs-u*u~) (1077
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A.J. Buras, J. Girrbach, FDF
JHEP 1402 (2014) 112

Correlation

between Cy, and BR(B, —p™p)
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B— D" TV,

strategy:
* consider a NP scenario that enhances semileptonic modes but not leptonic ones
* predict similar effects in other analogous modes

. : G _ _ B _ )
H ;5= Hff.\l He\f? — T;Vcb [C"f,,l.(l — ¥5)b Iy (1 — 5 )7 @oﬂu(l —5)bloH (1 — ’)"5)1/5]

SM NP

Charmed meson new complex coupling: €;*¢=0, e;*# 0

dr’ / dP dr
7 = (B = M.twg) = C(g?) (B M ey[) dq2 (B M fz/[)‘ d—(B — M l) WT]

. j j

. . . 2
o) = G}|Vcb|2A1/2(77z§,mfwc,q?) <1 B ﬂ) .
oo e -
P. Biancofiore, P. Colangelo, FDF
PRD 87 (2013) 074010
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B — D) TV,

Including a new tensor operator in H 4 :

is it possible to reproduce both R(D) and R(D")?

Big circle: R(D) constraint

LOF ]

er = |ar|e® + ero

E 7/ . —> overlap region:
Relerg] =0.17 |, Imlero) =0
lar| € [0.24, 0.27]
0 € [2.6, 3.7 rad
Reler]
Small cicrcle: R(D") constraint varying € in this range predictions
for several observables can be gained
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B—D TV,

1 dr 0 dr
Forward-Backward asymmetry App(d) = I dcos Ot g, — J_, dcos b Frer

—

angle between the charged lepton and“
the D” in the lepton pair rest-frame

The SM predicts a zero at g% = 6.15 GeV?
In NP the zero is shifted to g% € [8.1,9.3] GeV?

App (qz)

-02 :.
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B—D" 1V,

Two doublets of positive parity excited charmed mesons :

(Digyo /Dgys’)  with JP=(0%,1*) and (D),,D,),") with JP=(1*2")

* % —
R(D*™) = B(B — D**11;)
B(B = Dpur,)
0181 o}
0.16 '
0.09
": 0.14F ’:'!
) g
& 012k = 007+
A
L ]
0l ® A
005+
00858 01 [XP) 014 0.16 0.06 007 0.08 0.09
R(D}0) R(Du)
-0 .
B DTV
Forward-backward : —
asymmetries
_ 03}
& NG
éﬂ RN
0.1 - ‘-._i:\::*.'ﬁ:i;_‘_;:i:‘. ....
0.0 i T
—013 4 5 6 7 8
q2 [GeVz]

shift in the position of the zero

Orange= non strange

Blue circle= SM
Green= strange
Triangle= SM

The inclusion of the tensor operator
produces a sizable increase in the ratios

Arp(q®)

-0 -
B -Dy v,

04—
03f ™,

02} “o50g,

0.0

01k .:::::\:5__\:“.“

0154 1 1 1 1 l:
3 4 5 6 7 8
7’ [GeV,

the zero disappears
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Difficult but promising observables:

- CP asymmetry in B, -> u* u~ (+ correlations)
- B>K®vvy

- B>K't T

- FBasymmetryinB->D" TV,
- B->D" 1V, + FB asymmetries




