Muon g-2 in the 2HDM: maximum results
and detailed phenomenology.
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Standard Model

@ Scalar sector scrutinized
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In the search for New Physics

@ High Energy Physics (colliders)

@ Still no sign of New Physics.

J

@ Low-energy observables

“ Muon magnetic moment.

http://muon-g-2.fnal.gov/
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® Basicidea

HB — _Eﬁ

http://muon-g-2.fnal.gov/
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@ Dirac:g = 2 (g
(I a,, =

@ Quantum Field Theory: g =2 + --- a 2
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@ Theory (Standard Model)

< e e ]

11658471.8 682.5 (

Thanks to D. Stéckinger

af* = (11659 180.8 £ 3.6) x 1010

“Muon g-2 Theory Initiative”
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@ Experiment

@ E821 BNL
@ Final result in 2004

a’*P = (11659208.9+6.3)x 10710

Phys. Rev. Lett. 92, 161802 (2004)
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@ Theory X Experiment

af* = (11659 180.8+3.6) x 1071°

a, "’ = (11659208.9+6.3)x1071°
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@ Theory X Experiment

a,’ —all = (28.1£7.3) x 1071°
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@ Theory X Experiment

a
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—af' = (28.1¢7.3)x 10710

BSM

\

Increase precision

http://muon-g-2.fnal.gov/
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@ Beyond Standard Model:
9@ SUSY

\

Other scenarios ) Ex: extensions to the scalar sector

Ls = (Dué1) (D" ¢1) + (Dup2) (D ¢2) — V(1. ¢2)

2HDM J \

Invariant under CP
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® Beyond Standard Model : flavor alighed 2HDM

Ly = —Qp(T1¢1 +Tage)dr — Qr(A1d1 + Aoch) uly
— EIL(Hlél + HQQE’Q) lfR + h.c. \

Pich, Tazon, 2009

Dy =E&e Ty, Ag=&e"A;, Ih=ge “II.

Model Sd Cu <l
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® Beyond Standard Model : flavor alighed 2HDM

S* ./ l LW S . Ly

S
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Complete two-loop prediction 0 1 0 I 1
v »FH:YF

W V/Z N/Z

T T j Iz

Leading order (one-loop suppressed by mﬁ/mf,)

Cherchiglia et al, JHEP 1701 (2017) 007
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@ Phenomenology:

Constraints

* B-physics;

* Tau decay;

e 7 - 1T

* Collider;

* Theoretical;

* S, T, U parameters.

Y

Cherchiglia et al, [hep-ph] 1711.11567
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@ Phenomenology:

Constraints

* B-physics;

* Tau decay;

e 7 - 1T

* Collider;

* Theoretical;

* S, T, U parameters.

/

Control splittings between scalar masses.

Cherchiglia et al, [hep-ph] 1711.11567




(g o 2);4

® Phenomenology

< .
Tau loop Constraints
ﬁHJJ * B-physics;
£4 * [Tau decay;
e |Z - 171
e Collider;
/ Z '
) S/, . ,Y/ . * Theoretical;
T [ [ ~ * S, T, U parameters.
. +
S:h, HAH Only contribution in a Type X scenario.

Flavour-aligned: ¢, £,,, €4

Cherchiglia et al, [hep-ph] 1711.11567
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® Phenomenology

%)
Top loop Constraints

* |B-physics;
e Tau decay;
e 7 - 1T

* Collider;

* Theoretical;

* S, T, U parameters.

S:h,|H, A H*

Flavour-aligned: ¢, €,/ €4

Cherchiglia et al, [hep-ph] 1711.11567
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® Phenomenology

© Bosonic Constraints
e B-physics;

* Tau decay;
e 7 > TT:

* [Collider;

* |Theoretical;
* S, T, Uparameters.

S:h,|H|A, H*

Flavour-aligned: ¢/ ¢, €4

Cherchiglia et al, [hep-ph] 1711.11567
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@ Beyond Standard Model : 2HDM
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T T I

T I T T I T I T T I I I
50 T+t+bosonic I (- 50 T+t+bosonic I (- 50 | T+t+bosonic I |-
T+t I
v I
0K 1| NSV OOONP oo e e e e P

(max. a,) x 1010
(max. a,) x 1010

(max. a,) x 1010

0 20 40 60 80

20 40 60 80 100 0 20 40 60 80 100
M, [GeV) Mj [GeV]

Ma [GeV]

100 0

Cherchiglia et al, [hep-ph] 1711.11567



onclusions

|
|
mosans =23 v w1275 Gevie w7307 v o S I
carga— 203 23 23 o o
spin— 12 9 1z C/ 1z y 1 ‘ o H
up charm top gltion bﬂ?g%g i
=48 MeVic” =83 Moie? =4.18 Gewic? ]
g i g o
9 -0 @
«-‘z ¢ w G |~ 1 https://cds.cern.ch/record/1295244
down strange bottom foton
N m
0.511 MeVic® 1057 Melic” 1777 GeVic® 91.2 Gevic? w
E] il El o [
-9 .V .9 @ 5
elétron muoen tau bésonZ | g o o
i =22 et =017 Wevie® <155 Mewvic B0 4 Gevic! H Sl I l a I I d eVI atl O ns
|
2. 0 a s [}
0L W|(- @ |- W || z
0. npeutrino do  neutrinodo  neutrino do 5 Z
= eletron mdon tau pa=c . 8 I
https://commons.wikimedia.org/
|

THEORY - EXPERIMENT




Conclusions

|
|
maseas 2avev P e o 126 Goves I
carga— 203 23 23 o o
spin— 192 y 12 Cj 1z y 1 ‘ o H
. bgson de
up charm top quon‘-’ Higgs
=4.8 Mo =83 Meie? =4.18 GeVie ]
s n i o
down strange bottom foton http.//muon-g-Z.fnaI.gov/
—
0.511 MeVic® 1057 Melic” 1777 GeVic® 91.2 Gevic? w =
E] il - o 4
-9 .V .9 @ 5
elétron mion tau béson Z g
. .
e e e 3.60 deviation
2% v © oy - o ﬂ ) u
E nz 5 12 j 2 } 1 8
. peutrino do  neutrinodo | neutrino do : )
ﬂ elétron mdon tau béson W,; 8 I

https://commons.wikimedia.org/

THEORY

EXPERIMENT




Standard Model |

massa-s =23 Mt 1275 Gevier
carga— 203 23
spin— 12 % 12 9
up charm
=4.8 Mo =83 Meie?
s n
down strange
0.511 MeVic® 1057 Melic”
e .
- & LMK
elétron mion
=22 et =017 Wevie®
Z- Ve ..V
E nz 5 12 j
0. peutrino do  neutrino do
= eletron mdon

217307 Gevics

23
iz

top
=4.18 GeVie
i
"

bottom

1777 GeVic®
4 T
112 »4

tau
<155 Mewvic
LV
L] L

neutrino do
tau

a1

0
1

2 Gevic?

@

béson Z
—

8114 Gevie!

#1

bésonW |

https://commons.wikimedia.org/

THEORY

Conclusions

|
5
boson de
Higgs
http://muon-g-2.fnal.gov/
| |
-
<
(5] 0 .
- 3.60 deviation
=
:

EXPERIMENT



Conclusions

Standard Model

massas =2.3 MV =1275 Gevier 217307 Gevie o =126 Gavier
carga— 25 213 25 0 a
spin+ 1z w 1z 9 1z y 1 ‘ a H .
= P~ Final Theory

=48 MeVie” =45 Wiolis’ =410 GeVie 0

@ -1 13 o
12 @ % w3 1

down strange bottom foton
0.511 MeVic® 1057 Melic” 1777 GeVic® 91.2 Gevic?
A e - El T o
12 2 12 l"/ 112 > 1
elétron mion tau béson Z J
=22 et =017 Wevie® <155 Mewvic B0 4 Gevic!

“ 2HDM sessne

|

BOSONS DE CALIBRE

0 a “
nz V} 12 V} 2 V} 1 '

neutrino do  neutrinodo  neutrino do
eletron muon tau

LEPTONS

bésonW | -
e

https://commons.wikimedia.org/ -

SUSY




Conclusions

Standard Model

massa-s =23 MeVict =1.275 GeVics 217307 Gevics 0 =126 Gevies

carga— 203 23 213 0 o
spin— 12 w 12 9 1z y 1 ‘ o H L ]
o amm J oo [ oo | e Final Theory
=48 Vi =83 el =418 Gevie? 0

@ -1 13 o
12 @ % w3 1

down strange bottom foton
0.511 MeVic® 1057 Melic” 1777 GeVic® 91.2 Gevic?
El e -1 Sl T o
12 2 12 l"/ 112 > 1
elétron mion tau béson Z J
=22 et =017 Wevie® <155 Mewvic B0 4 Gevic!

|

BOSONS DE CALIBRE

o 0 a “
nz V} 12 V} 2 V} 1 '

neutrino do  neutrinodo  neutrino do
eletron muon tau

LEPTONS

bésonW | -
e

https://commons.wikimedia.org/ -

SUSY

Phenomenology
(g _ 2)u




Conclusions

Standard Model

carga— 203 23 23 o o H
spin— 12 9 1z 1z y 1 o L]
w | ohem || e | s | e Final Theory
=48 MeVic” =83 Moie? =4.18 Gewic? ]

RE] 113 A1 0
12 ¢ 12 S/ 12 b 1 ‘

down strange bottom foton
0.511 Mevic® 1057 Mebic! 1777 GeVic® 91.2 Gevic? w
rl -1 El o [
-9 .V .9 @ 5
elétron mion tau bésonZ | g
=, W
<22 et =017 Wevie* =15.5 Mewic! B0 4 Gevic! (=]
2% v Y Y # w
Bl W |« W |-« W || ‘ § .
. peutrino do  neutrinodo | neutrino do : )
= eletron mdon tau pa=c 8
https://commons.wikimedia.org/ -
My = My« = 150 GeV My = Myt = 200 GeV My = My= = 250 GeV
T T . . T T
50 (+t+bosc‘n+i<; — 50 | +t+bosonic s |- 50 I+K+bosolricl — -
Phenomenology : :

(max. a,) x 1010

(g _ 2)u

(max. a,) x 1010
(max. a,) x 1010

0O 20 40 60 80 100
Ma [GeV]

0 20 40 60 80 100 4] 20 40 60 80 100
Ma [GeV] MalGeV]




Thanks!
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@ Beyond Standard Model:

@ Radiative corrections

al f Y] Ll S d
M ISP S T MoV A] S X* XT s

Phys.Rept. 477 (2009) 1-110

@ Complementary information to direct searches (LHC)
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@ High Energy Physics (colliders)

@ Small deviations

/ \

BSM predictions Increase precision

J

@ Open questions:
“ No gravitational interactions included,;
@ No candidates for Dark Matter;

@ Matter-antimatter assymetry;

http://cds.cern.ch/record/628469




Beyond Standard Model

® Two-Higgs-Doublet-Model (2HDM)
9 Minimal extension to scalar sector sy SOMe variants (inert model)

have dark matter candidate
@ Four more scalars

@ Supersymmetry (SUSY)
© Correlates bosons and fermions;
© Has a non-minimal scalar sector (2HDM);

“ Predicts a partner to each particle of SM.

k @ Dark matter candidate;
@ Solves naturalness problem.
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@ Beyond Standard Model:
9@ SUSY
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@ Beyond Standard Model:

9

SUSY
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