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B decay anomalies from the BSM perspective

B decay measurements
@ 4.10 deviation in b — c7v decays

@ ~ 50 anomaly in b — su T transitions

Implications for BSM physics
@ new particles at the TeV scale

@ new source of lepton flavour universality violation
@ yet need to comply with stringent constraints from

o direct LHC searches
e Higgs and electroweak precision constraints
e flavour observables like Bs mixing, b — svv etc.
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NS
The Pati-Salam vector leptoquark

Prime BSM candidate for simultaneous explanation:
SU(2)r, singlet vector leptoquark with LH couplings to fermions J

> no tree level contributions to By — By mixing and b — sv transitions
> purely left-handed coupling structure favoured by

o global b — sutpu~ fits

e total B, lifetime

e B — Drv differential rate

Towards UV-complete model
Vector leptoquark arising from Pati-Salam gauge group

SU(4) x SU(2)z, x SU(2)x |

has the right gauge quantum numbers!

Challenge: flavour non-universal couplings to fermions
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Pati-Salam in the Randall-Sundrum background

Idea:
embed Pati-Salam model into the 5D Randall-Sundrum space-time

ds? = e_Qkyn#,,de‘“dx” — dy? 0<y<L J

@ extra space-time coordinate y
confined to interval 0 <y < L,
and warped by e~2*¥ factor

y=0 y=L
e 4D Kaluza-Klein (KK)
decomposition KK
e towers of massive KK modes bulk
localized near IR brane i |

e massless zero modes depending UV brane IR brane
on boundary conditions
> identified with SM particles
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Gauge symmetry breaking pattern

Two step symmetry breaking pattern

@ Pati-Salam gauge symmetry in the 5D bulk, broken by boundary
conditions on the UV brane

SU4) x SU((2), x SU(2)r = SU(3). x SU(2) x U(1)y
@ SM Higgs confined to the UV brane induces EW symmetry breaking

SU(?)L X U(l)y — U(l)em

@ Higgs decoupled from KK modes at IR brane
@ stringent EW precision constraints are evaded
@ Yukawa couplings need to respect SM gauge symmetry only

@ but: usual RS solution to gauge and flavour hierarchy problems lost
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Fermion sector

e fermions as 5D bulk fields in complete PS representations

1,2 .3 1 2 3
’LLL UL UL vy, ~ UR ’LLR UR VR -~
<d; 2 i 5L> (4,2,1) (d}% 2 &, zR> (4,1,2)

> massless zero modes correspond to SM fermions

@ zero mode localization along extra dimension y depends exponentially
on 5D bulk mass parameter ¢ = msp /k
> non-universal couplings to KK modes

UV brane IR brane
B anomalies require
c>1/2 c<1/2
o hierarchical localization of LH

fermions: cp1 > cra > cr3

e RH fermions localized at UV brane
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I
The 4D composite dual

AdS/CFT correspondence: dual 4D composite model

@ elementary sector with SM gauge group

@ elementary Higgs field

@ conposite sector with Pati-Salam global symmetry
°

left-handed fermions partially composite — linear mixing of SM
fermions with composite resonances: 0 ~ 51 K 89 K 83 ~ 1/\@

right-handed fermions (mostly) elementary
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I
The 4D composite dual

AdS/CFT correspondence: dual 4D composite model

@ elementary sector with SM gauge group

@ elementary Higgs field

@ conposite sector with Pati-Salam global symmetry
°

left-handed fermions partially composite — linear mixing of SM
fermions with composite resonances: 0 ~ 51 K 89 K 83 ~ 1/\/5

right-handed fermions (mostly) elementary

Simplified model: keep only SM fields + lowest-lying KK modes
@ common mass scale Mgy for all new particles
@ massive vector resonances for entire PS gauge group

@ massive vectorlike fermions that mix with SM fermions
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LHC constraints

strongest constraints from searches for ¢/ and 77 resonances

2.6 b (13 TeV)
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> for our model: Mkk > 3 TeV l
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BN
Flavour alignment

o generically, KK modes of gluons, B — L gauge boson and Wg
mediate tree level FCNCs

> reintroduces problematic contributions to meson mixings and
b— svv

@ avoided by imposing flavour alignment between elementary-composite
mixiing (=5D bulk masses) and Y

> no tree level FCNCs in the down sector
> tree level contribution to D — D° mixing sufficiently small

@ resulting leptoquark coupling matrix

it 0 O 0
ng%L:% 0 s3ce s3s0

2 2
0 —s3s4 s5c¢ i
u;v;j includes additional CKM rotation
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Important tree level effects

b— sutu~
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Important tree level effects

b— sutu~
I VLQ H
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Important tree level effects

b— sutpu~ T — 3p

b— ctv

3
VVL.K K
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Can we resolve the B decay anomalies?
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Conclusions

@ Pati-Salam model in the Randall-Sundrum background provides
UV-complete model for SU(2)y, singlet vector leptoquark

@ dangerous FCNC contributions from neutral KK gauge bosons evaded
by down quark flavour alignment

full resolution of b — su p~ anomaly and simultaneous
> significant enhancement of R(D) and R(D*), without
relevant fine-tuning in other flavour observables
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