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The anomalous muon (g-2)

Striking discrepancy among Theory recommended value and exp. measurements
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Potentially the single most striking cry for NP observed so far!



Opportunities with Semi-Leptonic B Decays

No tree-level flavour changing neutral currents (FCNC) in the SM
&
Intriguing set of “Anomalies” in data of exclusive B rare Decays
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Evidence of DM in the Universe

Multiple evidences of presence of DM from Astrophysical observations

Observations - )
- from starlight

 Velocity

o (km s 1)
b . - Expected from
the visible disk
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rotation
curves

Gravitational lensing

Bullet Cluster




Summary

® g/ and B-anomadlies (1904.058%0)



Loop Models

One scalar and 2 vector-like

> — —— — > . .
fermions (or vice versa)
‘PQ ‘{If N | B |

; _ Gripaios, Nardecchia, Renner 15
['L L H Arnan, Crivellin, Hofer, Mescia 16

Cn |

Induces contributions to AMs and muon g-2

- 8 "/)

It is not possible to address everything with O(1) couplings and viable masses
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A Generic Loop Model including RH couplings

Lins = | ©a (LharPrb+ LinrPos + Ly Pop) @

4T, (R?4 v Prb + RSy Prs + RY MPR,u) Py | +huc,

— = =——— =_—— = —

¥,, ®,, : Generic lists containing an arbitrary number of fields

L, R . Generic matrices in (A-M) space

® A and M also include implicitly SU(3) indices

® Non-vanishing entries of the coupling matrices ensure the
preservation of colour and electric charge



g-2

H LXM(RXM) W4 LX;\}(RXL) K K LXM(RXM) W4 RX;(LXL) K
> O =S ®— > O =——0) >
\ / \ /
Oy N . ) / Oy N R ) /
Y Y
Xa m? ~
M * *
Aay = o5 [(L’ZML'XM + Riyn Rlan) (Q<I>MF7 (Tam) — Qu, Fr (iUAM))
D s

Zm\p A

- (e + i) 5 (@00 (@am) = QuaGr (zarr))

Additional term induced by SU(2) breaking, and chirally enhanced
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4th Generation Model

L* = Z (Fg Vo Prgi + Fva: Wy Prt; + Ff; U, Pru; + Ffzi- W Prd; + ngjePRei) ® + h.c.
+ 3 (AU PohW, + N PohWy + N, Poh . ) + b
C=L,R
+ Y MpUpUp+rhlh@l® + miole
F=q,f,u,d,e

We start writing down the most general Lagrangian before EWSB
including a 4th vector-like generation and a neutral scalar

SU(3) SU(2) U(1) U'(1)
v, 3 2 1/6 Z
U, 3 1 2/3 Z
U, 3 1 -1/3 Z
U, 1 2 -1/2 Z
v, 1 1 —1 YA
O 1 1 0 —Z NB. We work in the basis

with diagonal down-type quarks
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4th Generation Model

L4 = Z (T WePLg; + Ty VPl + T UgPru; + T'f UaPrd; + T2 0, Pre;) ® + h.c.

+ D (A U Poh 0, + AW Poh ¥y + Aglingch\Ife) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’re interested only in couplings to bottom, strange, muon

We neglect SU(2) breaking for down-type quarks
(responsible for pnenomenological un-relevant scalar/tensor operators)

We need to diagonalize the lepton sector!
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Fit to the Observables

my=mg=450 GeV, 1=0.0015

0.007
~0.05/
~0.10/
~0.15/

~0.20"

my=mpg=450 GeV, mp=3.15 TeV

SR It =15
B AM &b - suu
- | TH | =1.4

111111111111111111111

Right-handed coupling (in both sectors) and SU(2) breaking
(in the muon sector) both fundamental!
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Systematic Studies of All Possible Loop Models

We’re not addressing the muon (g-2), so we focus here on LH couplings (only 3 fields)

br V] AL br P AL
- I > I > > i >
| |
| |
(pQ * * @L ‘IJQ Y A \I’L
| |
| |
< ' < ' < < e <
SL v KL SL O KL

Class ]: Ferm1on medlator

However we're Iooking for a DM candidate now, which has to be stable and
must not be over abundant (ideally reproducing the relic density)

‘IJMM) Upm q (1) \IJDN W
v /\q’(m 24 (@) v, 7 Tpy w
DM Q . /




br

Allowed representations

KL

>

|
Do ¥
l

I
A O
I

>

<

SL

<

KL

Class F — Fermion mediator

SU(3), | ®0,¥q ®.,¥;, U,d
A 3 1 1
B 1 3 3

SU(2), | ®o,¥q @, U,®
I 2 2 1
II 1 1 2
111 3 3 2
IV 2 2 3
\Y 3 1 2
VI 1 3 2

Uly | ®0,%g ®.,9;, U, &

1/6—X -1/2-X X

br, o IL
= - — > - - =
\IJQ Y A\I’L
< e <
SL d ML

Class S — Scalar mediator

® X chosen so that there is a neutral state
(DM candidate)

® Fermionic DM only allowed for SU(2) singlet
or triplet (doublet would require the
presence of a additional Majorana fermions)

@ Scalar DM allowed for any SU(2) rep.
(doublet allowed by suitable mass splitting
between CP-even and CP-odd, i.e. Inert
Doublet)
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Allowed representations

Label ) d v
FIA:-1 (3,2,7/6) (1,2,1/2)* (1,1,-1)
.FIA;() (3,2, 1/6) (1,2,—1/2)* (1,1,0)*
F;o1ys | (1,2,1/2) (3,2,-1/6) (3,1,—1/3)
Fisio/s | (1,2,-1/2)*  (3,2,-7/6)  (3,1,2/3)
FiiA (3,1,2/3) (1,1,0)* (1,2,-1/2)
FuB (1,1,0)* (3,1,-2/3) (3,2,1/6)
Finia;-3/2 | (3,3,5/3) (1,3,1)*  (1,2,-3/2)
Froas-1y2 | (3,3,2/3) (1,3,0  (1,2,-1/2)
Friaze | (3,3,-1/3) (1,3, -1)* (1,2,1/2)
J11B;-5/6 (1,3,1)* (3,3,1/3)  (3,2,-5/6)
F1B; 1/6 (1,3,0)* (3,3,-2/3) (3,2,1/6)
Fu;7e | (1,3,-1)*  (3,3,-5/3)  (8,2,7/6)
FIVA; -1 (3,2,7/6) (1,2,1/2)* (1,3,-1)
FIvA;0 (3,2,1/6) (1,2,-1/2)* (1,3,0)*
Fve-yz | (1,2,1/2) 0 (3,2,-1/6) (3,3,-1/3)
Frve2/s | (1,2,-1/2)*  (3,2,-7/6)  (3,3,2/3)
Fva (3,3,2/3) (1,1,0)* (1,2,-1/2)
FVB;-5/6 (1,3,1)* (3,1,1/3) (3,2,-5/6)
FVB;1/6 (1,3,0)* (3,1,—2/3) (3,2,1/6)
FVB;7/6 (1,3, —1)* (3,1,-5/3) (3,2,7/6)
Fyia;-z2 | (3,1,5/3) (1,3,1)*  (1,2,-3/2)
]:VIA;-l/2 (3a 132/3) (1a370)* (1,2,—1/2)
Fvia;e | (3,1,-1/3)  (1,3,-1)*  (1,2,1/2)
FVIB (1, 1, 0)* (3, 3, —2/3) (3, 2, 1/6)

17

Label Yo v d
Sia (3,2,1/6) (1,2,-1/2) (1,1,0)*
Stias-12 | (3,1,2/3) (1,1,00*  (1,2,-1/2)
Sta12 | (3,1,-1/3)  (1,1,-1) (1,2,1/2)*
SiB (1,1,0)* (3,1,-2/3) (3,2,1/6)
Stia;-1/2 | (3,3,2/3) (1,3,0 (1,2,-1/2)*
Sma;ie | (3,3,-1/3)  (1,3,-1)  (1,2,1/2)"
SiiB (1,3,0)* (3,3, —2/3) (3,2,1/6)
SIVA: -1 (3,2,7/6) (1,2,1/2) (1,3,—-1)*
SIVA;O (3,2, 1/6) (1,2,—1/2) (1,3,0)*
SIVA: 1 (3,2,-5/6) (1,2,—-3/2) (1,3,1)*
Svaie | (3:,3,2/3) (1,1,00°  (1,2,—1/2)*
Sva;12 | (3,3,-1/3)  (1,1,-1) (1,2,1/2)*
SvB (1,3,0)* (3,1,-2/3) (3,2,1/6)
Svia;-12 | (3,1,2/3) (1,3,0*  (1,2,-1/2)
Svia;ie | (3,1,-1/3)  (1,3,-1) (1,2,1/2)*
SviB (1,1,0)* (3,3,-2/3) (3,2,1/6)

DM multiplets marked by *,
highlighted models studied in
detail in the paper




Flavour bounds

Again not only B-anomalies, but also Bs-Bsbar mixing!
L2 ~ F2
F= 4GF\§th§ 32ii|§;]|\4\% (nF (zg,z1) + 2xMn™MG (zg,z1)) , (5CBB)JE = m (neBF (zg, 1) + 2xMn™G (zq,z1)) ,

V2 Lol M, M BB 15, MM
_ 5C ) -9 _ F ,
(n—xMn™) F (yo,y1) , ( s~ 1287202 (nee — x"n™) F (yg, 1)

(6C) 7 = = (6G,")

9\ _ 10y _ _
(0Cu)s == (9C.")s AGFVp Vit 32map M2

We start by making a combined fit to Flavour anomalies and Bs-Bsbar
mixing, in order to extract allowed ranges for 3 masses and 2 couplings

® We require that the DM candidate has to be the lightest NP state

® We allow the remaining masses to be as heavy as 5 TeV

® \We allow the lepton coupling in the range [0, 4], while for the quark
coupling [0, 2] in models of class F and [-2, 0] in models of class S, in
order to reproduce the desired sign in C9 (no effect on Bs-Bsbar mixing)

18



HEPH}

Flavour bounds

Fit results for model Fia (Majorana DM) to extract benchmarks:
how do we fix 3/5 of parameters in a 2D plot?

FQ chosen in order to minimise the lepton
coupling, constrained by Bs-Bsbar mixing

DM candidate mass
allowed only up to ~ 1 TeV

Remaining masses largely
unconstrained at the 20 level




Main LHC constraints

A pair of heavy NP candidates can be produced ad LHC by QCD / EW
Drell-Yann mediated processes, sequently decaying in jets/leptons + DM

@® DM coupling to both heavy states (e.g. scalar DM in class S)

@® DM coupling to only 1 heavy state (e.g. fermion DM in class S)

pp— 9@ = q¢' + Erp

or

pp = PP - pu” + Ep pp— VoUg —qd + ®® = qd +pp” + Er

We will recast LHC SUSY searches of jets and/or leptons + ME
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Main DM constraints

® DM should reproduced the measured relic density Qpy /A2 = 0.1199 + 0.0022
(or at most be under-abundant)

® DM should evade DD constraints, where non-relativistic DM scatters
with nucleons in an atom. Principal constrains come from Xenon1T
experiment

Upm QoL Upm
VM o4 - = T -~ --
d
I Q, L
A
Y] 7 ’U,, d
u, d u, d
Ypm Q Ypm Yo L _q)f)_ . Yo
| |
| |
| |
@Q I I (I)Q Q Q
I |
u, d I \IJDM I u, d g I
| |
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e Dy, 1}

Fia with Majorana DM

(3,2,1/6) | (1,2,-1/2) | (1,1,0)*

Ir§1=1,Ir$1=0.15 |5 |=1,Mq, =700 GeV

500 1000

Mo, [GeV]

1500

IF§1=1,Ir21=0.15,]r}|=1,Mp, =1100 GeV

2000

IF§1=1,Ir%=0.15,r-1=2,Mq, =700 GeV

100

500 1000

Mo, [GeV]

1500

IF§1=1,Ir%1=0.15,I}1=2, M, =1100 GeV

Ir1=1,Ir$1=0.15,|7|=3,Mq, =700 GeV

500F

20

10
100

200 500 1000

Mo, [GeV]

2000

IF§1=1,Ir%)=0.15,r51=3,M, =1100 GeV

5000

1000 1000 1000
500}
800} 800}
200}
> 600} > 600} >
4] o) © 100
400} 400} 50
20
200} 200}
10
500 1000 1500 2000 500 1000 1500 100 200 500 1000 2000 5000
Mo, [GeV] Mo, [GeV] Mo,[GeV]

Viable model to address everything simultaneously! Allowed only with

22

Majorana, since Dirac interactions with Z/y induces strong constraints from DD



o | 9y d

Sia with complex DM

(3,2,1/6) | (1,2,-1/2) | (1,1,0)*

Ir1=1,Ir81=0.15,Ir =1,My, =700 GeV

Ir81=1,Ir%=0.15,|rL|=2,My, =700 GeV

IFg1=1,Ir&1=0.15,|;|=3,My, =700 GeV

700 y QI
500} /
600f // | \
200} /
500} LT
—
< < y L
A = > 100F Lo %/
- O, 400} o, " . T =
o S L~
_ = = A
// —— 50 i : '7
- _ 300}
S~ T
] 200} e 20}
.‘ /ﬁ’
1 1 1 100 1 1 10 L [l I ‘ 3
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 100 200 500 1000 2000 5000
My, [GeV] My, [GeV] My, [GeV]
IF1=1,Ir 1=0.15,|T}|=1,My, =1100 GeV IFS1=1,Ir 1=0.15,|I|=2,My, =1100 GeV IF1=1,Ir &1=0.15,|I|=3,My, =1100 GeV
1000 T 1000 1000
J ‘.‘\ ,J"u \ P’N \
[ [ ‘I\ /J i \\ f‘: . "l’
800} 1 800} i 800} 1 |\
! ; i
— | — ‘ —_
> 600} ; > 600F [ - > 600}
O, 1 O, [ v O,
=2 o [ =2
N S [ \FA S
400} 400} | | 400}
1 /"/’_/:
I / ! ////-—""———/-_— ]
200} | 200} /f]ﬁjﬂ/T 200} ——
L | { // / .
i ' 1 1 L 'S L ‘/ 'l Il 'S
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
My, [GeV] My, [GeV] My, [GeV]

Viable model only if O(100KeV) mass splitting is assumed between CP-even
and CP-odd DM comp. (avoiding DD constr. due to non-relativistic scattering)
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Summary

® All together now! (2104.03228)
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Systematic Studies of All Possible Loop Models

We’re adding back the muon (g-2), so we allow also muon RH couplings (only 4 fields)

H) Loy w | L
R L R
| - O | O
\ v’ U,

=
t~
~
S~

® Fermion flavour mediator

£3% 5 19Q; Pr¥ &, + L L; PpU &, + TP E; P,V &) + ay )@, H +h.c.

LYY 5 19 Q; PrRU®, + L L; PR &+ TF E; P,V O+ AV PLY H + AgrVPrY'H + hec.

® Scalar flavour mediator

£2Y 5T Qi Pp¥y® +TF L Prly @ + TP B PLU, @ + 0! H + he

Lot 5 TR Q, PrU, &+ TF L; Pr¥, & + TF B, PLV, ® + AUy PR, H + Ayl PLU, H + hec.
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Allowed representations

We start from the models that we know fit B-anomalies and DM,
and add a fourth field inducing RH muon couplings

Label ®,/T, D,/ T, U /® AT v /@

) (1,2,-1/2)  (1,1,0) (1,1,-1) -~

) (1,2,-1/2)  (1,1,0) — (1,2,-1/2)
Fie/Sie | (3,2,7/6)  (1,2,1/2) (1,1,-1) (1,1,0) -

)

)

(1,1,0)  (1,2,-1/2) (1,2,—1/2) -
]:IIb/SIIb (3, 1, 2/3
Fie/Sme | (3,1,-1/3)  (1,1,-1) (1,2,1/2) — (1,1,0)

(1,1,0)  (1,2,-1/2) - (1,1,-1)

Fva/Sva | (8,3,2/3) (1,1,0) (1,2,-1/2) (1,2,-1/2) -

Fvb/Svb | (3,3,2/3) (1,1,0) (1,2,-1/2) = (1,1,-1)
Fve/Sve | (3,3,-1/3) (1,1,-1) (1,2,1/2) — (1,1,0)
Singlet DM Singlet-Doublet mixed DM
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Fig with singlet-doublet DM

D O U o
(3,2,1/6) | (1,2,—-1/2) | (1,1,0)* | (1,2,—1/2)

A=0.2, tan6=2,[ =2, [;=-0.5, My =1.4 TeV,mq, =0.7 TeV A=0.2,tan6=2,M;=2,5=-0.5, me,=1.4 TeV,mq, =1.1 TeV
10000 . 10000
PLANCK
5000 f ! B-anomalies , 5000 F PLANCK ’
2000 | ; 2000}
= 83 ~ fa,
0 ] [0
O, 1000} : O, 1000}
< : ENON1T(SI) <
H—)inv/ | — 7/ / I
500 | v / 500F T
AT TN ' / ALY
/ AN o ] [ .
- -~ 1 : XENON1T(SI)
\ ' 1
200 X l 200} ;
\ , \
X X )
\ \ T \ \ * 3
100 -IoTeeeE W | I \ , - 1 L . 2 100-——*_ LAy 1 P 1 1
10 20 50 100 200 500 1000 2000 500010000 10 20 50 100 200 500 10002000 500010000
My[GeV] My[GeV]

Viable model to address everything simultaneously!
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Conclusions

To address g-2 and B-anomalies via loop models, we need at least
4 fields, with 2 of them coupling to RH muons

To address B-anomalies and DM via loop models, we need at least
3 fields, with the DM either being a SU(2) singlet or doublet

Combining the above, to address everything together via loop
models, we need at least 4 fields, with 2 of them coupling to RH
muons and the DM either being a SU(2) singlet or doublet

This is actually doable! Constraints from LHC and DM searches
are complementary, and allowed models can be further test with
the advent of new data in both fields!
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Back-up Slides

29



WWhat kind of NP could be cut for the job!?

® g2

NP coupling to Muons; couplings with both Muon chirality is preferred,
inducing also coupling to the SM Higgs to exploit chiral enhancement

—> Leptoquark, or fermion(s) and scalar(s) (allowing for chirality flip)

® b-osuu
NP coupling to Muons;

:> Leptoquark and/or Zprime, or 2 fermions (1 fermion) and 1 scalar (2
scalars) with the single particle acting as mediator between the sectors

® DM

Stable candidate, neutral and colour singlet; possibly connected to the
SM by means of a Dark Sector

—> Axions, ALPs, fermions, scalars...
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Opportunities with Semi-Leptonic B Decays

No tree-level flavour changing neutral currents (FCNC) in the SM

&

Intriguing set of “Anomalies” in data of exclusive B rare Decays

1E T " O B " ]
a LHCb Run 1 + 2016
i SM from DHMV i
T T '
~0.5F —t | | —
Z + —— i
_1—_ N R rwr S SR R TR SR SR T N T —

0 5 10 15
g* [GeV?%/c?]

~30

Angular analysis of B —> K*uu for

dB(BY—¢utu- )/ dg2(10”°GeV=%¢ 4)

small dilepton mass, 4 < g2/ GeV2< 8.

R
- - ~1
:— Preliminary LHCb 3o
12 SM (LCSR+Lattice)
loi ‘ ' SM (LCSR)
I SM (Lattice)
8 I —
6;{-‘(1) Iy y(2S) .
2 l—| | | g
4 + S e
[ 4~ ———3 L2
7 C—— ]
| | 1 | ]
00 5 10 15
q* [GeV?/c*!]
~ 1.8/3.6 0

Brof Bs —> ¢uu




A Generlc Loop Model including RH coupllng_

i‘ int — |:\IJA (LAMPLb+LAMPLS+LAMPLH) O3 Vi

—I-\IIA (RAMPRb+ RAMPRS + RAMPRN) (I)M] + h.c. ]]

b Dy v b W4 v
> — e — > > I = | >
| |
R A Up Oy Y A Dy
| |
< — e - < < I = I <
S Oy M S Up M
SU(3) b — stl type a) b — stl type b) m Wy m
Vg ¥p Py Oy | Vs VYp Py Ppn > i = , >
I 3 1 1 1|1 1 3 1 \ /
I 1 3 3 3|3 3 1 3 Op N 7
m |3 8 8 8|8 8 3 8 e
1\Y 8 3 3 3|3 3 8 3
\Y% 3 3 3 3 3 3 3 3
ol
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b LR @y LiyRi) s LERh) g, LR
= o - > - = = O = O =
| |
U, Y A Up Oy Y A Dy
| |
< ® <« -9 < < ‘ =€ ‘ <
s LR On Lp(RL) M s Ly (RS VB Ly (RE) M

a)

Two distinct solution, whether the fermion or the scalar is the
NP field that couples to both quarks and leptons

Tam = (Mmy, /Mma,,)’

. Lory L
‘:Cgo a’) N X AM

I( 327raEMmq> | CbOX — + Cbox ?

| Ly Lt |00 = = By ;f

Cbox,a) — N XEANLAM e —
10 327TOAEMm%)

TNM = (mq)N/m(I)M)z

box, b L3, LY . My , My

C OX, ) —N X BM~AM Lt“* L/‘ F(.’EAM,fUBMaxNM) _RZNR%N 5 BG(CEAM,l'BM,SENM)
9 2 AN~ BN m

327raEMmq, B

b

X L\ L . mw . m
Cro RIS aM [L” LY F(zam, zem, znm) R N Ry ‘IjAg \I}BG(CBAM#BBM,-'BNM)]

2
327raEMmq, mg,,

—
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b * * b b * o0yt
b Riw(Liy) Oy RevLpy) p Ranlaw) ¢, RIS u
> ® -->-90 > > @ = O 2>
X X |
U, Y A Up Oy Y A Dy
X | X
< .- _— e -— -. <« < ‘ = ‘ <
§ LSV(RSV) Oy LgN(RII;N) H S LIEL(REL) Vs LgN(RgN) H
a)
S S Y ——
| 5™ = N AN [Rigy Ly + LsyRin] —

16magyvm ~box box
! o Csrey = * Csep)

!

L5* Rb my , My
C]l;ox,a) _ N’ XL AN AM [RIEE\/IL%N _ngl}le.éN] U 4 BG(;L'AM,.'L'BM,:I:NM) |

2
|  16mapumg,,
S* b m m
box, b xLiy R % P Vulltlp
CSOX ) =N BM Aé\/[ [RZNL%NF(xAM,xBMaxNM)"'LANRBN o2 G(CUAMaxBM7xNM)
167T04EMm<pM ® s

Cbox, b) N XL'?MRZM

my,my
* T X H A B
s s [RZNL%NF(CUAM, rpM,tNM) —Lyn R

BN 2m2 G(*’BAM, LBM, xNM)]

167TaEMmq)M Pum
S* b R 21
box. b XL R L R my , my
chox ) — _\XEBMtAM A2N BN 5—=G(xaM,ZBM,TNM)
167TO€EMmq>M mq)M

Additional WC present only in the presence of additional SU(2) breaking effects
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AMs

b LanRi) @y LinRino) p LR g, LivRiy)
— ¢ — 0
| |
| A Up ®ay * + Oy
| |
e e «—@———0 <
s Liv®R{y) ON Lyy(Rgy) s s Ly Ry, ¥YB L2(RS) s

Both diagrams appear, independently on b—suu, since no
leptons are involved in this channel
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Both diagrams appear, independently on b—suu, since no
leptons are involved in this channel
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Additional contributions to WC present in the presence of additional SU(2) breaking effects
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Additional contributions to WC present in the presence of additional SU(2) breaking effects
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4th Generation Model

L4th — Z (Fé’z \ifqPqu' + Fé \Ingsz' -+ F,{Z\IJUPRUZ- + I‘Z \dePRdz' + ngjePRez’) ® + h.c.
+ Z ()\g\i!qPCiz\I!u + )‘gqquCh\I’d + Ag\i’epch\lfe) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’re interested only in couplings to bottom, strange, muon
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4th Generation Model

L = Z (Fg Wy Prai + Tg WePrt; + Do UaPRu; + T UaPrd; + gl We Pre;) @ + h.c.
+ Z (Ag@qpcﬁxpu T )‘g\iquCh\de + Ag\ifgpch\lfe) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’re interested only in couplings to bottom, strange, muon

We neglect SU(2) breaking for down-type quarks
(responsible for pnenomenological un-relevant scalar/tensor operators)
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4th Generation Model

LA = (Tg@ePrg; + T WePrl; + D WaPpi; + T UyPrd; + T e Pre;) @ + hec.
+ D (/\g‘I’chﬁ‘I’u + AW Py + AgifePoh\I/e) +h.c.
C=L,R

+ Z MpUpUpn + khih®1® —|—m%{)<I)T(I)
F=qlu,d.e

Below EWSB:

0,2
! PL( ’
— T
7A4th Wy o M; V2v\§ P, Uy W
mass \T/e \/i’l))\g* Me \Ije i | \Ij
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4th Generation Model

LY =N (TL@ePrq; + T U Prl; + DR UPru; + TF Uy Prd; + TE U, Pre;) @ + hec.

ath — (L?@?PLZ? + L5UP Prs + L?\TJ]IEPL,M) P
+ (R3WY Prb + R5VY Prs + RY U Pru) @

s=1L t=1ft, Ry=T%, RY=TF,
LY = FﬁcosHL, L’z‘:—I‘IIstineL, R} =T%sin6p, Ry =T cosfr

T T
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4th Generation Model - WC

TL — 1brs
Tt =iy,

® b-osuu
Co™* = —N
Cbox . N

® AM;
|1'\L|2 FLFR e |1'\R|2
F = F = F
O = agmmz Fo)s G5 = g5 2 Flan), C1= 0 2 F(@p)
® g2 F=g =
Aa, = 'i (lFle + |FR|2) F7 (:BE) ; UAEFLFRG7 (xE)
P 8 m2 H V2 m, HF
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Benchmark point, compatible with all
1sigma regions of combined pdf

LN

my, = mg =450 GeV
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Fig with real DM 2 | @ | w
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Requires mass splitting between CP-even and CP-odd DM comp. Either an under-
abundant DM is produced, or a not-good-enough contribution to B-anomalies
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Syg with Dirac DM Vo | W | @
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Model excluded by DM bounds!
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Models strongly constraint by LHC disappearing tracks,
DM strongly under-abundant!
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Fug with singlet DM
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Viable model to address everything simultaneously!

47



