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Abstract: Models with right-handed currents have recently attracted attention because of their potential ability to solve the discrepancy in \
determinations of |V_{ub}|. We consider a minimal setup with an SU(2)_L x SU(2) R x U(1)_{B-L} gauge symmetry, for which we perforn
simultaneous analysis of the most important constraints from electroweak precision observables, particle anti-particle mixing and the B -> X
gamma decays. The main goals of our analysis are the determination of allowed parameter space for the new right-handed mixing matrix
possible solution of various anomalies in the current flavor data.<br>
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Amuse-gueule

Why left-right models?

Weak interactions in the SM are left-handed

B.l%
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T Amusegueule
Why left-right models? L

Q
Q
Qo
Q

LR models allow to restore parity at high scale

anomaly free with minimal fermion content

embedding in SO(10) possible

CMS 1177 search: outlier event in ju +~Ep with My = 2.4 TeV
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- Amusegueule
The [12] problem e

CRIVELLIN (2009). Buras, GEMMLER., IsiDORI (2010) (EFT approach)

different values for CKM element |V,;,| from different channels

decay |Vus| value
B — w(v 3.38(36) - 1073
B — X, ,0v | 4.27(38)-103
B — v 4.70(56) - 10—3

Vud Vus Vub
Vekm = | Vea Ves Vob
Via Vis Vi

describes charged current interactions
(W= boson couplings to left-handed quarks)

578600 AR iavor conscrins on et right modes

Pirsa: 12030095 Page 5/60



- Amusegueule
The [Viy| problem e

CRIVELLIN (2009). Buras, GEMMLER, IsiDORI (2010) (EFT approach)

different values for CKM element |V,;,| from different channels

decay |Vus| value with RH currents
B — wér | 3.38(36) -10~3 |L + R|?
B — X, v | 4.27(38)-10"3 |L|? + |R|?
B — rv | 4.70(56) - 10—3 |L — R|?

Vud ‘/us Vub
Vexmm= | Vead Yo VYo
Via Vis Vi

describes charged current interactions
(W= boson couplings to left-handed quarks)
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CRIVELLIN (2009). Buras, GEMMLER. Isibori (2010) (EFT approach)
different values for CKM element |V,;,| from different channels
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CRIVELLIN (2009). Buras, GEMMLER. Isibori (2010) (EFT approach)
different values for CKM element |V,;,| from different channels
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- Amuscgueule
The |V,,| problem

CRIVELLIN (2009). Buras, GEMMLER, ISsiDORI (2010) (EFT approach)

different values for CKM element |V/,;,| from different channels

decay |Vus| value with RH currents
B — wér | 3.38(36)-10"3 |IL + R|?
B — X, (v | 4.27(38)-1073 |L|? + |R|?
B — v 4.70(56) - 10—3 |L — R|?

RH charged currents affect decays in a different manner
~ elegant solution to |V,,;| problem

Does this solution hold in a concrete LR model?
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@ Amuse-gueule

Hors d'ceuvre
o The LR model

o Collider & electroweak precision constraints

2
Q Potage
@

Plat principal
o Flavor constraints on the LR model
o Patterns in the LR flavor sector

@ Dessert
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Amuse-gueule

The chef and his staff

MB. A.J.Buras, K.GEMMLER, T.HEIDsSIECK, JHEP 03 (2012) 024 [ARXIV:1111.5014]
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I Homdouwre The LR model
Basic ingredients of the LR model _

MOHAPATRA., SENJANOVIC, ...

PATI. SALAM.

o extended gauge group (gauge couplings g«. . .9r.9")
SU(3)o % SU(2)r, ¥ SU(2)m * U(l)B_LJ

= ()~ (22)
e~ (1)~

o fermion representations

N ( u )N (3,2,1,1)
(i) ~nanen e

o electric charge given by

“*T a.:

B — L
Q=T+ T,%—}—T

—

S

‘natural’ origin of SM hypercharges

7850 RATBRRRE] iovor conscraine on lef.right modes
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o Homsdmuwe ThelRmodel
Higgs sector & symmetry breaking _

o extended Higgs sector:
b~ (1.2.2.0) Ap ~ (1,1, 3, 2) Ar ~(1,3,1,2) J

o electroweak symmetry breaking in two steps

> <An)=( 0O 0

kp O
@ (&) = ( ‘(; o ) breaks SU (2)r x U(1)y — U(1)o
here e = v/Fp K 1

) breaks SU2)p x U(1)p_r — U(1)y

s

o new heavy gauge bosons 117F and Z’ with TeV-scale masses
> note: N+ = 20Ny

o new heavy charged and neutral Higgs particles in addition to light
SM-like Higgs

/861 B Fivor consaine on efcrighe model
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[ Hosdwuwe ThelRmodel
Higgs sector & symmetry breaking _

o extended Higgs sector:
b~ (1.2,2.0) Ap ~ (1,1, 3, 2) Ay ~o (1,3, 1,.2) J

o electroweak symmetry breaking in two steps

> <AR)=( 0O 0

rr O
@ (¢) = ( . - ) breaks SU(2)z x U(1)y — U(1)o
here e = v/hp K 1

) breaks SU2)p x U(1)p_r = U((1)y

s

o new heavy gauge bosons 117F and Z’ with TeV-scale masses
> note: Al = 20Ny

o new heavy charged and neutral Higgs particles in addition to light
SM-like Higgs
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T Homdwre | The LRmodel
Higgs sector & symmetry breaking _

o extended Higgs sector:
b~ (1.2,2.0) Ap ~ (1,1,3,2) Ay ~(1,38,1,2) J

o electroweak symmetry breaking in two steps

> <AR)=( 0O 0

rr O
@ (&) = ( ‘(; 5 ) breaks SU (2)r x U(1)y — U(1)o
here e = v/Fp K 1

) breaks SU2)r x U(1l)p_r — U(1l)y

SV

o new heavy gauge bosons 117F and Z’ with TeV-scale masses
> note: Nz = 201w

o new heavy charged and neutral Higgs particles in addition to light
SM-like Higgs
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Hors d’'ceuvre The LR model

New flavor violating interactions in the LR model

o quark masses generated by Yukawa couplings

Lvuk = —Yi;QLi9QR; — §:;Q1i#QR; + h.c.
> flavor changing heavy neutral Higgs couplings
> charged Higgs contributes to FCNCs at the loop level J

o right-handed charged currents mediated by 11"+ and W=

UpdrW o< sce?2V, UldpW'™" oc V12 J

o new right-handed mixing matrix V # in addition to CKM matrix
> three new mixing angles and six complex phases

| 9/30 M. Blanke Flavor constraints on left-right models
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o most studies assume explicit parity or charge conjugation
symmetry at the TeV scale

> gL = 9gRr
> VB = V&

o very predictive framework for flavor phenomenology

6736 MATBRRE] iavor consrains on lef.right modes
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Hors d’'ceuvre The LR model

A note on parity (or charge conjugation symmetry)

© most studies assume explicit parity or charge conjugation
symmetry at the TeV scale

> JrL = 9Rr

= VB = V&

o very predictive framework for flavor phenomenology
> AMw: > 4TeV from K — K mixing

> |Vus| problem cannot be solved

= We do not assume a discrete LR symmetry!
o lower mass scales possible

o much richer flavor phenomenology (arbitrary 1777)

10/30 M. Blanke Flavor constraints on left-right models
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Hors d’'ceuvre The LR model

A note on parity (or charge conjugation symmetry)

© most studies assume explicit parity or charge conjugation
symmetry at the TeV scale

> JL = 9dRr
= |V} =1V}

o very predictive framework for flavor phenomenology
> AMw: > 4TeV from K — K mixing

> |Vus| problem cannot be solved

— We do not assume a discrete LR symmetry!
o lower mass scales possible

o much richer flavor phenomenology (arbitrary V7 7%)
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[ Potage Collider & clectroweak precision constraints
Collider constraints on the LR model

o 11" searches in lepton+~MET

Ny > 2.5 TeV — only applies if 1vj; escapes detection
. 2l g . . CMSPrehmlnaly
o combined 1" and heavy 1/;; search O s dops niy fov ]
S T ' et
o W' = v — €0jj = 1000f8
. 800! -
o 2D exclusion contour
600
ANy > 1.6 TeV for wide range 400 o
Of .A‘.:I‘.[’/R 200 =
o e S B s E [P | JAE

800 1000 1200 1400 1600
[GeV]

o for M, > My, W’ decays dominantly to quarks
> dijet resonance search: Ay > 1.5 TeV
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I Potage Collider & clectroweak precisic o
Collider constraints on the LR model T

o 1V searches in lepton+~MET

Ny > 2.5 TeV — only applies if 1/j; escapes detection
. -7 . R CI:AS F:rhrflnan'y
@ combined 11" and heavy 1;; search = oo i o g
S ' el
o W' = ltvp — (€55 =F1000f
. 800 =1
o 2D exclusion contour ]
600
ANy > 1.6 TeV for wide range 400 o
Of .A.:I\.[;/R 200 sl

e PO (PR
1200 400 1800

My, [GeV]

800 1000

o for M, > My, W decays dominantly to quarks
> dijet resonance search: Ay > 1.5 TeV
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[ Pomss | Collider & electroweak precision constraints
In a nutshell B

o bound on 11”7 strongly dependent on 1/;; mass

o all constraints based on simplifying assumptions, e. g. g;. = gr

o all numbers lie in the ballpark 1.5 — 2 TeV

>~ to be on the safe side, we require Ay» > 2 TeV in our analysis )

(our EW benchmark point will satisfy Ay = 2.6 TeV)

8736 AR iavor conserings on ket right modet
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[ Pomme Collider & clectroweak precision constraints
In a nutshell _

o bound on 11”7 strongly dependent on 1/;; mass

o all constraints based on simplifying assumptions, e. g. g;. = gr
o all numbers lie in the ballpark 1.5 — 2 TeV

= to be on the safe side, we require Ay > 2 TeV in our analysis )

(our EW benchmark point will satisfy A1+ = 2.6 TeV)
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[ Potage Collider & electroweak precision constraints
Electroweak precision constraints |

HSIEH, SCHMITZ, YU, YUAN (2010)

o full fit of ~ 40 EWP observables yields constraints
My > 1.6 TeV Nwr > 0.3 TeV

© most stringent constraint from
> partial branching fraction opaq of Z — qq

-

b
>~ forward-backward asymmetry Agg

> weak charge Q- (Cs) of Cs-135

~— left-handed coupling gEN in N scattering

our strategy:
o apply the results of Hsieh et al.
o perform a \? fit for the most constraining observables

o identify a set of EW benchmark parameters in the best fit region

87861 B Fivor consaine on efcrighe mdel
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[ Potage Collider & electroweak precision constraints
Electroweak precision constraints _

HSIEH, SCHMITZ, YU, YUAN (2010)

o full fit of ~ 40 EWP observables yields constraints
My > 1.6 TeV Nwr > 0.3 TeV

© most stringent constraint from

> partial branching fraction opaq of Z — qq
> forward-backward asymmetry A’EB

> weak charge Q- (Cs) of Cs-135

~ left-handed coupling gEN in N scattering

our strategy:
o apply the results of Hsieh et al.
o perform a \? fit for the most constraining observables

o identify a set of EW benchmark parameters in the best fit region
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Potage Collider & electroweak precision constraints

Result of the \? fit

In(%</n_ ) F——
2.8

2.2

1.8

0 0.02 0.04 0.06
]

benchmark parameters for our flavor analysis:

e = 0.08 grl o = O.7 0.1 < g« LB
My = 16 TeV/V/1 — 252

15/30 M. Blanke Flavor constraints on left-right models
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Potage Collider & electroweak precision constraints

Result of the \? fit

In(x“/n, ¢ > more

2.6
0.6
2.5
0.5
0.4 2.2
w
0.3
1.8
0.2
0.1
O P ]
0 0.02 0.04 0.06

£
benchmark parameters for our flavor analysis:

/

e = 003 gr/g = 0O.7 D]l < 8«< D6
My =16 TeV/V/1 — 252

15/30 M. Blanke Flavor constraints on left-right models
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Potage Collider & electroweak precision constraints

Result of the \? fit

0 0.02 0.04 0.06
>

benchmark parameters for our flavor analysis:

e = 0.03 g/ g = O.7 DLl <= @« 1D
My = 16 TeV/V/1 — 252
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[ Platprincipal Flavor constraints on the LR model

Tree level constraints on flavor mixing

different transition measure different combinations of sz and V:f

Vislv = |ViF + see® Vi IVijla = |Vi5 — sce®V,E
transition considered decay | VHL | Vil v IViila
u—d superallowed 0F — 07 - 0.97425(22) -
wt — ute - - 0.981(13)
" p——— K — wfv - 0.2257(12) -
K — uv - - 0.2268(32)
c — d D — Kétvand D — w¥r - 0.229(25) -
1»N charm production - . 0.230(11)
Cc — S semileptonic D decays - 0.98(10) -
Ds — v - - 0.978(31)
b— u B — Xyfv 4.27(38) - 10—° - -
B + wfy . 3.38(36) - 102 .
B — tv = - 4.70(56) - 10— 3
Dt B — Xctug 41.54(73) - 10— - -
B — Dt - 39.4(17) - 103 -
B — D*fv . . 39.70(92) - 10— 3
= Br(t — bW)/Br(t — qw) 0.95(5) - =

~— we impose these constraints at the 20 level
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[ Platprncipal Flavor constraints on the LR model

Tree level constraints on flavor mixing

different transition measure different combinations of sz and sz

Vislv = IVif + 5c®VE|  [Vijla = |V — see?Vi]
transition considered decay | V,} | Vil v | Viila
u—d superallowed 0¥ — 0% | - 0.97425(22) ' -
nt o puty - - 0.981(13)
U—8 K — wfv - 0.2257(12) -
K — v - - 0.2268(32)
c — d D — Kfivand D — w¥rs - 0.229(25) -
1»N charm production - - 0.230(11)
C — S semileptonic D decays - 0.98(10) -
Ds — v - - 0.978(31)
b — u B — Xyfuv 4.27(38) - 10 ° - -
B + wty . 3.38(36) - 1072 .
B — tv < . 4.70(56) - 103
D — € B — Xctug 41.54(73) - 10—° - -
B — Drv - 39.4(17) - 10— 3 -
B — D*fv % . 39.70(92) - 10— 3
F— b Br(t — bW)/Br(t — qw) 0.95(5) - -

~— we impose these constraints at the 20 level
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Plat principal Flavor constraints on the LR model

Particle antiparticle mixing — the main actors

o mediated by box diagrams in the Standard Model

d W= S d.s W
K? ot t K B
o W
S d

o characterized by mass differences AN/, AN, . (CP conserving)

o CP violating observables

K — IK: =4 (indirect CP violation in ' — 77 decays)
Bg — Bg: time dependent CP asymmetry Sy ko in Bg — J/YKg
B. — B.: time dependent CP asymmetry S, in B. — J/uvo

+ semileptonic asymmetries —ISIL“ (> dimuon charge asymmetry)

18/30 M. Blanke Flavor constraints on left-right models
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Plat principal Flavor constraints on the LR model

Particle antiparticle mixing — the main actors

o mediated by box diagrams in the Standard Model

d W= S d.s W
Kl) [ [ Eu B.;
e W
S d

o characterized by mass differences AN/, AN, . (CP conserving)

o CP violating observables

K — IK: =4 (indirect CP violation in A’ — 77 decays)
Bg — Bg: time dependent CP asymmetry Sy, in Bg — J/VvKg
B. — B.: time dependent CP asymmetry S,.., in B. — J/¢o

-

+ semileptonic asymmetries —15’[ (> dimuon charge asymmetry)
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Plat principal Flavor constraints on the LR model

Particle antiparticle mixing — the main actors

o mediated by box diagrams in the Standard Model

d W= S d.s W
K” ot t K" B,
o W
S d

o characterized by mass differences AN/, AN, . (CP conserving)

o CP violating observables

K — K: =4 (indirect CP violation in i’ — 77 decays)
B, — B,: time dependent CP asymmetry Sy, in By — J/vKg
B. — B.: time dependent CP asymmetry S,.., in B. — J/¢o

: . . d.s - ;
+ semileptonic asymmetries Ag;” (> dimuon charge asymmetry)
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I Platprncipal Flavor constraints on the LR model
The global fit -

1.0}

End of 2010

0.8}

0.6}
n
0.4}
ool €x+iVenl
ool p—value = 2.

-10 -0.5 0.5 10

~— strong constraints on new physics

again we impose constraints at the 20 level (except S..)

Flavor constraints on left-right models
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o main impact from LR| operators (QCD enhancement!)

> dominant NP contriblition to mixing amplitude

(.\IZ’QJLRN Z [,-LR(qJ)\_'fL{qJ] Rii(q) (q=K.d.s)

i, J=u,c,t

relevant combination of L and V¥ elements

\LR.RL
loop integral / tree level propagator — QCD effects

(q)
Rij(q)

Pirsa: 12030095
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New LR contributions to

Flavor constraints on the LR model

o main impact from LR operators (QCD enhancement!)

o dominant NP contribution to mixing amplitude

Mipr ~ > [MR@AF (@] Riu(e)  (¢a=K.d.s) J

2, 7=u,c,t

/\:-‘R’RL(q) relevant combination of V' and V¥ elements

s :(q) loop integral / tree level propagator + QCD effects
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T e p—n—p—ry

Relative size of neutral Higgs
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e e
Allowed ranges for V7

s = 0.1

0.8
0.6
0.4

0.2
R
1 O lvubl

%

us
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o Barbieri-Giudice measure of fine tuning

Pi ()O
A Q) = max |—
BG(O) P .5 S
measures sensitivity of observable O
to small variations in paramteres p;
o modified Barbieri-Giudice measure
Nobs
d
AR =D " Apc(0O;))
7=1

547861 B Fivor consaine on efrighe mdel
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- Backu -
Fine tuning measure |

>
o Barbieri-Giudice measure of fine tuning
0 D
O) = max |=—
Apc(0O) max O op,

measures sensitivity of observable O
to small variations in paramteres p;
o modified Barbieri-Giudice measure

Nobs

ABRY =D ABc(O;)
.'=1

5473010 WATBRRE] iavor conscraine on lef.right modes
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o Barbieri-Giudice measure of fine tuning

Pi ()O
7. Q) = max |—
8G(0) i O Ip,
measures sensitivity of observable O
to small variations in paramteres p;
o modified Barbieri-Giudice measure
Nobs
d
ABR! = D Ac(0O;)
j=1

54736 WATBRRE iavor conscrains on lef.right modes
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Fine tuning measure |
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T —n——y —p—
Allowed ranges for 11 T

s = 0.1 mod

lo a
5

0.18 (s =0.1)
0.13 (s = 0.5)

for points with small fine tuning Ag&d < 16

Vgl < 1.2 - 10 = and |Vl <

us

VE < 0.3 normal hierarchy
ch
IV.El > 0.9 (inverted hierarchy)
‘ e 0.4 0
0.5 \)/{2 “ .
VR 1 0 Vol
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Plat principal

Patterns in the LR flavor sector

Allowed ranges for V¥ — s dependence

23/30

0.2

0.4

0.6

0.5

0.6 0.8 1

A
IVl

M. Blanke

Flavor constraints on left-right models
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Plat principal
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[ Platprincipal Paterns in the LR flavor sector
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