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Motivation
Right-handed (RH) currents arise in various new

physics frameworks, in particular in models with an
underlying SU(2)g x SU(2), symmetry

A recent flavour physics motivation [Crivellin '09]:
right-handed currents can help remove the
discrepancy between inclusive and exclusive
determinations in V,

our goal:
to investigate whether the RH currents motivated by the V,, problem
are consistent with other flavour observables (AF = 2, rare decays)
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The RHMFV model

@ in the spirit of an effective approach to MFV
[Ambrosio, Giudice, Isidori, Strumia ’02]

@ assume only the global symmetry and the pattern of breakdown

SU(2), x SU(2)g x U(1)g_, - electroweak symmetry
SU(3). x SU(3)r - flavour symmetry

@ left-right symmetric flavour
symmetry only explicitly
broken by Yukawas

@ only SU(2), and U(1)y are
effectively gauged below the
TeV scale

beyond MEV oo
’ \\%\uﬁ*%\xﬁ?”“:
ot
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The method

@ construct dimension six operators formally invariant under LR
symmetric flavour group

@ new bilinears e.g. Qrl YJ Y. Qg contribute with respect to MFV

Yukawa insertions:

CKM matrix
thy2 2 *
(YUY i#f ’d e (V )‘uv)ij ~ Vi V3iV3j
~ ~ iood  gdy ~ o 15
(Y Yu) l;é/ ‘d e (VT)‘EV)// ~ yt2 el(¢i ¢j)(V0)3i( V0)3£'

new RH CKM with new phases

Yy YJ - known from MFV
Y)Y, -new! characterizing the strength of RH mediated FCNC
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Part 1: Motivation and Introduction of RHMFV

The right-handed mixing matrix

@ due to misalignment of the Yukawas in the down-type sector a
RH mixing matrix V appears
@ V controls flavour-mixing in the right-handed sector

Parametrization:

V = DyVoD}, J

Vo - “CKM-like” mixing matrix, one non-trivial phase
Dyp -diagonal matrices, five new CP-violating phases

What are the bounds on V? J

* charged currents data
* unitarity
* phenomenological bounds
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Part 1: Motivation and Introduction of RHMFV

@ bounds from charged currents data

» determine V using data on tree level charged current transitions,
in particularu - d,u—s,b—uand b —c

- <14 <14 10+04 10-3
V| ~ - - <20 x( )

€R

» elements of V and e appear in combination
» the size of the effective RH charged current coupling eg is given by

. C,A:;V2
A= ope

» here the coefficent cg is the coupling of the RH charged current
before rotation to mass eigenstates
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Part 1: Motivation and Introduction of RHMFV

@ bounds from charged currents data

the Vyp, problem - a more detailed look at the b — u transition J

0.0

B(B — mtv) ~ |V + 6F{Vub'2

B(B — Xutv) ~ (|Vuo|? + ler Vo ?) o
B(B — 7v) ~ Vi — €rVip|? z
ngoz
UTfit: ]

|Vib| S = (3.38 £ 0.36) x 1073
| Vbl Sht oxp = (411 £0.28) x 1072
Vbl &g = (5.14 £0.57) x 1072

-0.3

-0.4
0.0030 0.0035 0.0040 0.0045 0.0050
Vubl

the tension between inclusive and exclusive determinations of
| Vup| can be resolved. [Crivellin *09]
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Part 1: Motivation and Introduction of RHMFV

@ bounds from charged currents data
© bounds from unitarity
» constraint from first row:

eal = (JeaVagl? + lenVes|2 + |€RVub|2)1/2 = (1.0£05) x 107°
» agreement with naive estimate using
cg=0(1) and A=4nv~3TeV
we find

Cr v2
2A2

» third column: large | V| constrains the maximal value of |th|

0(107%)

€ER ~~
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Part 1: Motivation and Introduction of RHMFV

© bounds from charged currents data
© bounds from unitarity
© phenomenological bounds
> large value of | Vy| welcome since:
i) it minimizes the values of | Vis| and | Vi4| < FCNCs _
ii) it maximizes the impact of right-handed currents in Z — bb <

agreement with experiments?
= maximize |Vy|

» global fit & RH mixing matrix is well described by the following

ansatz
VéH)Z 312 Ci2 0
512\/75 512\/7é i\/Té
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AF = 2 Processes - some theoretical aspects

@ Relevant operators: — focus on Qr YJ Y. 7" Qg bilinear

08— QLY V)i QL2
0O = [@Q(Yu )" Q@YY Ya)jrn QL]

o effective Hamiltonian of new contributions:

EAF:Q

CRR (6) , CLR ,(6)
5O+ 3O J

@ cgrp and c; g are flavour-blind by construction and therefore the
same in the K, By and Bg system

@ hence the RH mixing is only determined by the elements of the
RH mixing matrix in particular by ¢;», $12 and CP violating
phases
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RH contributions to flavour mixing

Mixing term K-mixing By-mixing Bs-mixing
s—d b—d b—s
ViV 1212812/ —91) | £12,,6/95-90) | 115,,€/(0§-95)

@ K system: strong constraints points towards small ¢;» or 512
unless cgrr and c; g are very small
@ B; system: hints for sizable NP contributions from CDF and DO
collaborations, in particular in Sy,

=

&12<<1—>§12R:1J

Vo]~

0
1

i ol
i ol

large CPV phases in Bs mixing + small NP effects allowed by
= negligible effects of RH currents in By mixing

J
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Combined fit of ¢ and B; mixing

AMs)ex
@ Constraints from Bs mixing: ﬁ ~ 0.96+0.15

Sys ~ 06+03
@ Solution when assuming e.g cgr > C/R:

Chrr~ +7.3x107% and Sin(2¢g2) ~ F0.30,
crr~ 23 x 1073 and sin(2¢%,) ~ F0.95.

|

Fine-tuning?

operator size of coefficient suppression
RH charged current | O(1) tree level
AF =2 1/(167%) ~ 6 x 1073 | loop

® crr.r = 0(1073-1072) — small enough to satisfy kaon bounds
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Effects due to sin(25) enhancement

SM: |Vup| is averaged over different determinations

sin(26)°M = 0.734 + 0.034 (UTfit)

tree

RHMFV: | V.| enhanced, close to inclusive determination

sin(26)M = 0.77 +£0.05

tree

@ <4 Problem: eRP = (2229+0.01)x 10°% (PDG)
M = (1.85+0.21) x 1073

The sin(23) enhancement removes ek problem
automatically.
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Effects due to sin(25) enhancement

SM: | V| is averaged over different determinations

sin(26)°M = 0.734 + 0.034 (UTfit)

tree

RHMFV: | V| enhanced, close to inclusive determination

sin(26)M = 0.77 +£0.05

SPP = sin(28)%¢. = 0.672+0.023 (HFAG)
® S,k Problem: 555?3 _ sin(25+ e, |
—

too small since small By mixing

Syks and STIcannot be resolved. S,k cannot be

The 20 tension between the experimental value of
. explained by RH currents alone in this framework!
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Part 3: Rare decays and Z — bb

Analysis of rare decays and Z — bb
@ new dimension six operators generate 7
effective dhy*dhZ, coupling "

the constraints from Bg 4 — ¢+~ eliminate the
possibility of removing the known anomaly Z — bb

more B decays:
@ constraint from Bs — X/ ¢~ [Altmannshofer et al ‘09] precludes
Bs — ptu~ near present experimental bound
@ while O(1) deviation from the SM in B(Bs — u*p~) can be

found, effects of RH currents in B(By — p* ) are small and
negligible after imposing constraints from S,
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Correlation between B(B — Kvi) and B(B — K*vp)

@ the two bands correspond to
the two values of | sin(2¢3,)|
15 obtained from taking S, large

@ factor 2 enhancement with
respect to SM value in both
decays possible

—+— @ clear anti-correlation

o
o

Br(B-K*vv) x 10°

black dot = SM value
blue:  |sin(2¢Z,)| = 0.95
0 orange: | sin(2¢5,)| = 0.30

o] 2 4 6 8 10 12

Br(B—Kv7) x 10°
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Correlation between B(K* — 7tvi) & B(K, — 7Ovi)

_ 30 ’

@ O(1) deviations from the 25
SM predictions possible in
both modes

@ larger deviations: fine-tuned
scenario where the phase
¢, such that ex constraint
is avoided

= N
¢ o

Br(k; %) x 10%°

I
=)

0.5

green: c g > CRRJ

@ situation more constraint T T
@ different correlation, since Brik x'vs) x 1010
different AS = 2 condition

impose the constraints

on phases from ex and Sy,
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Conclusions for RHMFV:

@ RH currents provide a solution
to the V;, problem

@ the Sy, and e anomalies can
be understood

@ if large Bs mixing then negligible contributions to By mixing

@ if the RH contribution to S is large, no significant enhancement
is expected in By — uu~

@ well-defined pattern of correlations in B — {K, K*}vv & K — nvi

@ Zbb cannot be solved

@ strengthens the tension
between sin2 and S¢
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Rare decays and Z — bb - theoretical aspects

o Relevant operators: — generate di"d.Z,

09 = iQx(Y} Y H D, HG
Ogsz)g = iQR(YiYu)iy riQh Tr (HTDMHT")

o effective Hamiltonian of new contributions:

AF=1 _ CRzi (6) | CRz (6)
AR = T o) 4 o) J

@ Effectively the following combination appears:

(3 TeV)?

N2

For A =3 TeV and cg, = O(1)
=cgl =0(1) J

c}fé = (Cr,, + 2Cr,,)
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Z — bb

@ disagreement between data and SM expectation in the RH
sector:

(AR )exp = (G )exp — (9R)sm = (1.9 £0.6) x 1072
@ the generated effective coupling reads:
(AGE)AH ~ —0.15 x 1072 x ¢3!

too small correction for c}fﬁf =0(1)
Z — bb anomaly cannot be solved

@ combined constraints of the decays By — ptpu~ and Bs — put ™
imply even stronger bound:

eff
(o Zn

<062 = |(Agi)an| <1x 107 J
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Bs7d — ILL+/J/7 and Bs?d — XS€+‘€7

. 2
B(Bs — (707) = B(Bs — €+ )an ]1 T7.8 x 31p6%% cf

, 2
B(Byg — (+07) = B(Bg — £+ )su ‘1 +37 x 826" cgf

@ maximal enhancement of B(Bs — u* 1) over its SM expectation
= factor of 5

@ constraint from Bs — X0t ¢ ‘émc%f; < 0.15
= precludes Bs — ptu~ near present experimental bound

@ assume O(1) deviation from the SMin B(Bs — p*p™)
= B(By — ptp~) close to SM value

@ combined with constraints from Sy, (812 ~ 1 and ¢12 < 1072)
= effects of RH currents in B(By — u" ™) are negligible

Katrin Gemmler (TUM) RHMFV 9th September 2010 15/15



	Part 1: Motivation and Introduction of RHMFV
	Part 2: F=2 Processes
	Part 3: Rare decays and Zb
	Conclusions
	Backup slides

