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P Steps to Models

@ SMEFT + Flavour Symmetries
Cr (Qi .0 Q)) (LI o L)) + Cs (QLyu @) (LGA"LY)
U(2)y x U(2),

© Simplified mediator models

O\ o1
Q

L
k 8 LQ

see e.g. [Buttazzo, AG, Isidori, Marzocca]
1706.07808

& Mature & successful programme
& A few working solutions identified

Most notable constraints
X Other meson decays

X Neutral meson mixing

X LFU and LFV in charged leptons
X Z and W pole precision

X High-p searches

& Complementary low and high-p processes identified
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Challenges for Model Bullders7
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Smgle mediator?
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= Vector LQ
(3,1,2/3)
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*Expanding SU(2

o Dynamical suppression:
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A cake by
[Buttazzo], 2017 . . .
® Pati-Salam quark-lepton unification

4 = 3q + 15
® Resolves another open problem of the
SM — charge quantisation

® [ow-scale Pati-Salam
& No proton decay
X Flavour > 1000 TeV 11801.02895]

74 Pati-Salam
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LQ at the TeV
scale?
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Establishing links (The b|g Dicture)

[Talk by Isidori]
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with Pati-Salam 4 quantization
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e Massive vector crave an UV completion
® Simplified mediator model approach is iIncomplete!

e | want a model to be
Complete (but simple),
Renormalizable,

Calculable (perturbatively)

®* 'Proper’ low-energy model to check
the stability of the B-anomalies solution

Consistent model
with Pati-Salam
LQ at the TeV
scale!

[ This talk]
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‘4321 model

Extended gauge symmetry
G=SU(4)xSU3) xSU(2), xU(1)

~TeV

Field content

Field | SU(4) | SU(3)" | SU((2)r | U(1)
q} 1 3 2 1/6
. u'h 1 3 1 2/3
S | dp 1 3 1 —1/3
g o 1 1 2 ~1/2 | i=1,2,3
Q| el 1 1 1 —1
v 4 1 2 0
o 4 1 2 0
[Di Luzio, AG, Nardecchia]
v » H 1 1 2 172 1708.08450
EW 5| O 4 1 1 —1/2
US; Qg Z 3 1 1/6 [Di Luzio, Fuentes-Martin,
AG, Nardecchia, Renner]
\ {15 15 1 1 0 1808.00942
- ¥
%’2 [Georgi, Nakai], 1606.05865
14 [Diaz, Schmaltz, Zhong], 1706.05033
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~TeV

‘4321 model

Extended gauge symmetry
G=SU(4)xSU3) xSU(2), xU(1)

\'/ SSB: (€23) > (Q1) > (Q15) > (H)

Gsm = SU3)exSU(2), xU(1)y

Embedding: Scalars:
SU(3)s x U(1)y C SU(4) O = (4,1,1,-1/2)
and Q3 = (4,3,1,1/6)
SUB)e = (SU(3)a x SU(3)) giag 7o i
U(1l)y = (U(1)a X U(1)') giag ) = ( 0 0 lf;) - ()= ( 0 )
0O 0 O V2
Gauge couplings:
9493 9491

gs — 5 5 gy = , 5
V95 + 93 V95 + 24
15
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‘4321 model

Extended gauge symmetry
G=SU4)xSU@3) xSU(2)r, xU(1)

~leV ' SSB: (Q2s), ()

Vv

Gsm = SU3)exSU(2), xU(1)y

I 5 broken generators

VEW
QQ Close in mass to the LQ!
O

- §
*X .
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‘4321 model

Extended gauge symmetry
G=5SU(4)xSU@B) xSU(2)r xU(1)

~IeV ' SSB: (Q2s), ()

Vv

Gsm = SU3)exSU(2), xU(1)y

I 5 broken generators

() * SMfermions in 321, not coupled to LQ

O (g, 0y, ug, dp, €%)

- §
. ;
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‘4321  model

R

‘, SM fermion doublets
' mix with the vector-like

bartners |

() |
d; ,®< 3> |

‘4,A vector-hke ( 4 1 2 O)

fermion rep.

VY r = (QL g

)T

T A QU — T A QT

e ({23) mixes the would-be SM state ¢; with Q7 C ¥y < Q]>

e () mixes the would-be SM state ¢/, with L), C ¥y, Left-handed dominance!
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e How to get large flavour violation to be
mediated only by the LQ?

% R () 9% R (§2s)

Cabibbo mechanism for LQ

1o ‘4321’ model
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Cabibbo mechanism for LQ

Without loss of generality X .
Loviotike = —q; V' Yydr H — G, Ygdgr H — 0, Yeer H + hec.,
_ —/ — A
Emix — —qL)\q\IfR Qg — EL)\g\IfR Ql — \IJL(M + )\15915)\113 + h.c.
Assumptions
0 Ag = Ag = diag (Afy, Afy, Ag)
1 0 0
e =MW = diag ()\li, )\g,)\g) 0 cosfrg —sinfrg
0 sinfrg cosbrg

9A15 o M o 1, *a hat means diagonal
O . Redefine O ©
® No tree-level Z’, g’ FCNC ¥, — ét;p LT = (Qp, WLL)T

for down quarks *same for the right-handed

® Strong suppression of tree- ® No tree-level Z’ FCNC for leptons
level FCNC for up quarks A= 0 G =U()y g, Uy a, X ULy g,

Go =UQ2)g+v x U(l)g 1 v, e Only LQ interaction feels W matrix!

)\g — 0
B T 1 0 0
1 L W'D,V O =—=U, Q" | 0 cosfrg sinfrg | Lz .
4321 mOdel 20 V2 0 —sinfrg cosfrg
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‘4321 model

ool ~m-wce | GIM suppression! C’Iff ~ AR%(*) Mg

0.1 1
........ M = 900 GeV
0.0L- N
1.5 2 2.5 3 3.5 4
My [TeV]
oLt — _ 9 ! SONAE F (s, 75)
e Y (e R
- 1 TTaxg
) = 0 0= p) ( e 1)

ST e The lightest new states
are vector-like leptons!
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‘4321 model

e Peculiar high-pt signatures

®* Dominant decays of new fermions  @,/e,
are | >3

e.g.

® Exotic multi-lepton & multi-jet signhatures

Benchmark spectrum

3.0 g’
5 sl m 7/B
~ U,
> 20—z
= ——_—A
B 1.5 U/D ;
S B V;/E |
= | |
1.0+ N,/E |
: oz
7 NIJE;
0.5F 94=35, v3= 1.2 TeV, vy= 0.66 TeV, Aq3=As3= 2.5,
| Mg=1.6 TeV, M;=0.85 TeV, sq2=0.30, sq3=0.79, s/3=0.81. |




Old idea, see e.g. [Be¢irevié, Fajfer,
Kosnik, Sumensari] 1608.08501

[1804.04642,

Recent activity @ I — (]_7 ]_ , —Fﬁ)

1804
1807
1807
1809

Direction Il

‘SU(2), was a blessing, but also a curse’
» |dea: Decorrelate R(D"™) from FCNC limits

.04135, + light

.04753,

.10745, @R — (17 17 O)J
.01107, - O [Asadi, Buckley, Shih)

- §
] »/X 1804.04135
[AG, Robinson, Shakya, Zupan]

1804.04642

‘3221’ mode! g
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U~ (3,1,2/3)

Simplified mediator model
% * Ilght “ﬁ" [Marzocca et al], 1807.10745
Na=(1,1,0),

25
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U~ (3,1,2/3)

Simplified mediator model
a# I+Ihght ‘Jﬁ‘ [Marzocca et al], 1807.10745
Ng = (1,1,0)

ZK0y2a M Completion of the Vector LQ + RHN solution from 1807.10745

e Field content ® 4321 > 321 breaking from 1708.08450
Ve Uke #,W-O,,S ® Yukawa | S |
Field SU(4 (3)/ SU(2)L U(l)/ EY D) _gL Yd HdR — EL Yu H'U/R — KL}/GHGR (9)
%rk : 1 i 1(/)2 —g’ll)\qgg\pR—zlL)\gQ{\IfR—ELM\IJR—"-h.C. ,
Rl
Uhy| 4 1 1 |-1/2
leld&\m;g VAL -
°®€C0mrosﬂk(bh undes #}e SM: - ?"I Ad Sf}d

QL ul ® L I
G (i) ) e oo

family

d DL,K) *Full ‘Pati-Salam’
b4

1,22 H /»(e €f 1S
SU(4) SUBY[SU2)L[U (1)

2

2 | 1/6
1 | 2/3
1 |-1/3
2 |-1/2
1 -1
|

. =W W W

[AG, Marzocca], TBD
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[LHCb please
stop this
madness ]
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~TeV

( y [Asadi, Buckley, Shih]
3221 model 1804.04135

[AG, Robinson, Shakya, Zupan]
Extended gauge symmetry 1804.04642

g — SU(S)C X SU(Q)L X SU(Q)V X U(l)/

SSB: <Hv>¢
GSM — SU(S)C X SU(Q)L X U(l)y

3 broken generators




) ) [AG, Robinson, Shakya, Zupan]
3221 model 1804.04642

Matter content
Field SU(3)C SU(Q)L SU(Q)V U(l),

SM-like chiral fermions

q} 3 2 1 1/6
o 1 2 1 -1/2
ulh 3 1 1 2/3
d 3 1 1 -1/3
et 1 1 1 -1
& 1 1 1 0
Extra vector-like fermions
Q) g 3 1 2 1/6
L} g 1 1 2 -1/2
Scalars FL-23 case:
H 1 2 1 1/2 , .
Hy 1 1 2 1/2 Ay~ (0,0,1) A, ~ (0,1,0)

N —
LD Ly — \QrHydp — N, Q7 Hyulp

— ML Hyelh, — N L Hy v}, : ) FV 22 couplings uncorrelated!

— MQQ/LQ/R — MLZ_—/LLQQ + h.c.
30
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Extended gauge symmetry

[Di Luzio, AG, Nardecchia],
Phys.Rev. D96 (2017)
115011

a =1,...,15 a =1,...,8 i = 1,2,3 / Embedding:
Hp; G y B, |s0G). = (SUG)x SUG)) g
G = SU( ) X SU( ) x SU(2)r, x U(1) | vy =00 xU1))y

where

~TeV SSB: (£23), () SUM)s x U(1)s C SU(4)
Q3 = (4,3,1,1/6) »
V o= (11,1,-1/2) g = —2B gy =224
V95 + 93 \J 95 + 397
Gsm = SU3)exSU(2), xU(1)y
V: . G G a
Massive gauge boson spectrum: /Gsm
(Il T4 (3,1,2/3) My = %g4\/v% + v3
1
1,2,3 _ 9,11,13 _ :7710,12,14
Uy = ﬁ (Hu —tH, )
Color octet: (8,1,0) Z: (1,1,0)
Vew o gaH? — g3G'° Lo HYS — \/gngL,
e ne 2, 2 2
91+ 9 V91t 591 [Georgi, Nakail,
M,y = L\ /g2 + o WENFREEN S 1606.05865
Di hmal
L Orthogonal field: Gluon Orthogonal field: Hypercharge B Diaz, SCZhﬂ;i ;Z]:
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