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The latest (g — 2),, experimental result at BNL:

S8 = (11659208.9 £ 6.3) x 10719 eernec o 09

Aa(E821_SM) _ (28.7 :l: 8.0) X 10710 [Davier et al.]
" (26.1 +8.0) X 10710 o

3 ~ 40 = New physics

New experiment at Fermilab(E969): ~ 0.14 ppm
Current accuracy of asM: 0.42 ppm (owier e 19

need to improve the accuracy of all aspects of the theory prediction:
higher order loop corrections required.
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Outline

@ 2HDM contributions

© MSSM contributions

© Radiative muon mass generation

Q@ Summary
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Why 2HDM and MSSM?

Question of the possibility of enlarged scalar sector
Extension in EWSB sector

2HDM: the simplest extension to the SM, compatible with current
experimental results

MSSM: still best motivated, the discoverd Higgs boson with Mj; = 125 GeV
in agreement with SUSY prediction

explains the anomalous magnetic moment of muon

suggest solutions for other physical problems, e.g. Dark Matter
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Overview of new physics contributions

NP mz
=
au CNP Mﬁp ,

Cnp: model dependent
New Physics

S ——>—— o 5= interpreted as decoupling behavior
1 1 %

Particles
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Overview of new physics contributions

2

m

ap? = Onp 575, Cnp: model dependent
NP

2HDM MSSM Radiative m, generation
o2 Higgs doublets | eSupersymmetry ovy — 0, tan f — oo
oh,H, A H* eSparticles:x/*, fi, 7, | em,, = dm,(X*/*, fi, 1,,)
e correction o' correction e correction

oMyp < 100 GeV | oMyp ~ 5 x 102 GeV | eMyp~ 103 GeV
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2HDM
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2HDM

Two Higgs doublets with same hypercharge: V(p1,¢2)=m2, ¢] 1 +m2, 05 b2
d1, g2, v° = vf +v3, v = 246 GeV (0l bataln)
+ +
Qv:(%wfslﬂco))’ él:(%(gg+zﬂ)) +3-(6161)*+ 37 (0103)°
()= (cex(fme) ~snGa-a)y(51) fan § = 22 +Xs9]01012+ 10 d26]61
3 sin(B—a) cos(B—a 2/ - v

+28 {(p]h2)2+(d]1)?
h and H CP-even mass eigenstates 2 {81627 +(4261)°)

- > CP conserving: real m3, and A5
2 2 2

h{::: = sin(B — a)x hs\[{ ‘mll, M3g, Mis, A1 =+ As ‘

v v +

: N 1 v e | X ol
H{ = cos(f — a)x }{

M . . . .
v v Small deviation from the SM-limit:
B—a=7%5 h=hsy B—a=735—mn.

= ali t limit
argnment im allowed from LHC, sin(8 — ) ~ 0.7

[Craig, Galloway, Thomas '13][Haber '13]
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2HDM: Yukawa interaction in the Aligned 2HDM

[Pich, Tuzén '09]

Ly =V2HT (a[Vekmy, Pr+y2 Vekm PLld Type | Il X Y
+ oy Pri) U 02 Dy 02 0
_ d CI)Q q)l ‘132 (I)l
= SFy? Prf+h.

Zs,f f@lf rRf+h.c I <I>2 fI>1 (I>1 @2
Cu cot 8 cot B8 cot B8 cot 8
YS Ca cot 8 —tan 8 cot 8 —tan B
y? — _fo7 Se h,H,A 1 cot 8 —tan 3 —tan 3 cot 8

‘ v _ Type 1. MSSM-like

My = 3 x 3 mass matrix, Type X:  lepton-specific  Type Y: flipped

f=u,d,l

th =sin(f — a) + cos(B8 — a)¢5 = 1+ n¢y,
Vit = cos(B — @) —sin(8 — a)¢s = —C;y +, B-a=

Vit =-07¢,04, =100 =-1
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2HDM: One-loop contribution

® Yy, X mu(

7 r‘JJ 2HDM, 1 My 2 2
- s Ty .
- - ay, O(OszmMCl :
, . ,
/ \ m .
’ 22
/ {h, H’A}/Hi\\\ e from loop calculation,
2 .
= m:, from Yukawa coupling.
p 1/ 0 n g

2HOM, 1, (S N2 1n—10) 3.340.5In(4y) 3.140.5In(24)  0.04 P = _Ms
@™ ) x10 { 2% 2 22, } LS = 100 Gev

aZPM-1 013 x 10710 for My = My = My=+ = 100 GeV
a2MPMl 5 0.03 x 10710 for Mg = My = Mg+ = 200 GeV

2-loop Feynman diagrams without Yukawa couplings or with only one Yukawa
coupling provide termsox m2 = a2 'PM2 > ¢2HPM 1
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2HDM: Fermionic contribution

o W
S/// fy/Z H:I://’@IL,W
° TR fi

Neutral and charged Higgs contributions with fermion inner loops
Yuyy — Qs

2
2HDM, F 2 (M 2
ay, X (Fg) mele

Constraint, ¢, ~ 1 = (? term with 7-loop is dominant.

o 50 GeV < My < 100 GeV, ¢ = 100, a2MPM-F = (15...30) x 1071
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2HDM: Bosonic contribution

e Yukawa interaction, ¥, o m,( ‘

e Higgs-gauge coupling‘
oo o o sin(8 — ) for h
x cos(ff — «) for H

‘if'f, ‘7:#,’ ‘ A including Triple Higgs coupling(tan /3) ‘
8/ 5/Z St/ W

B e A Diagrams with (e x e):
independent of (;

H-terms are suppressed by
cos(f — a)? = n?
Diagrams with (e X A):

o (;, enhanced by tan .
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2HDM: Bosonic contribution

B _ EW add. non-Yuk Yuk
a, = ay, + ay + ay,

non-Yuk H

a

S=H,A,
! St — g* S=H
no dependence on tan 3 e i
M 4-dependency <‘w s.in
S=h
a0 =23 107G S=h H A §* = H*

triple Higgs couplings =
dependence on tan (8
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2HDM: Numerical analysis

ap (107'%) al (1071%)

a, (107%)

n=-0.1 n=20

125 GeV< Mg <500 GeV, M4 <500 GeV, 80 GeV<M ;4 <500 GeV

1<tan $<100, |n|<0.1, 0<A1 <4m, |Cu|<1.2, |€a]<50,|(| <100

blue/red points before/after applytin constraints:
Vacuum stability,  Global minimum
Perturbativity,

EW and experimental constraints
o =1(2---4) x 107'%: reduces the uncertainty

[Cherchiglia, Kneschke, Stéckinger, S-K '16]
Hyejung Stockinger-Kim ( TU Dresden)
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2HDM: Numerical analysis

Benchmark points:
Ma =50 GeV, Mg = My+ =200 GeV,
¢ = —100, ¢u = ¢q = 0.01.
(compatible with tan g = 100 for Type X)
tanﬂ =2 )\1 =A4r
tan B =2, \y =27
A tan g =100
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2HDM: Numerical analysis

My (GeV) My =50 GeV, My= = 200 GeV,

2. T T
N £ G =-100, ¢ = =001
! e tan 8 = 100, A\ = 4«
: s
: £
: N aplp—o ~ — 6.3 x 1077 M7 ¢ tan 3
: . X ]:(MH, MHj:)
0 : : S F(Mpg, M) < 50—
-2 1 1 @ HE
) ! ! oc M7 from mi,

From EW constraint:

Small splitting between My and Mp=:
all values allowed for M4

Large splitting between My and Mpy+:
M 4 almost degenerate with M+

140 160 180 200 220 240
red: n =10

blue: n =0.1
green: n = —0.1
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MSSM
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Line = 7T~ (cfPL + crPR)p + X0 (nf PL — nrPr)pt + h.c

X external photon

o Dy 1R,

One-loop contribution

[Fayet '80]...[Moroi '96]

Parameter dependence: p, My, Mo, Mg, My, tan 8
One-loop correction dominant: O(«)
enhanced by tan 3, dependent on sign(u)
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MSSM: One-loop corrections

fin . n

m m
oy, =k YuVu = 0y = mytan 8
One-loop contribution
SUSY, 1L m;, -
a - X a——="—tan fsign
> 7z tan fsign(1)
v 2
SUSY,1L ~ —10 : 100 GeV
a, ~ 13 x 10~ 'Ptan SBsign (1) (—Msusv )

asP3Y:1h & 26 % 10719, for tan 8 = 50 and Msysy = 500 GeV.
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MSSM: Two-loop corrections

SUSY two-loop corrections to
SM 1L diagrams: ~ 10710
[Chen, Geng '01],[Arhib, Baek '02],[Heinemeyer, Stéckinger,

Weiglein '03, '04]

Photonic corrections to SUSY 1L
diagrams:

[v. Weitershausen, Schifer, Stéckinger, S-K '10]

s M17M27 MEvMLatanﬁ

2L,(v) o 4a myu SUSY, 1
an ~ L log _H_Msusv a, ,

—(7---9)% corrections

for 100 < Msysy < 1000 GeV

fermion/sfermion two-loop correc-
tions

[Fargnoli, Gnendiger, PaBehr, Stéckinger, S-K, '13]
Min MU¢ ’ MDi ) MLia ME, )
i€{1,2,3}
non-decoupling behavior: term

"L, when large splitting

p)
ms

"
between mg and mgp,,.

o In(
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decoupling behavior of ff—loop corrections

ols © Mz, mp >> Mi,mypg
@ My = 140 GeV
0.10 | 1
@ mpy = 200 GeV
gy
0.05 ] @ My =mj = 2000 GeV
R — 2 AL
000 [+ ] @ p = —160, tan B = 40
e e O(10---30%)
~0.05 1
=0.10 M —_— Muys,p3, 03,313
103 104 10° 10° — My.p.o
M [GeV] e MQ3 s MU3=1 TeV
- = (anp)?
_— photonic
------- 2L(a)
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Radiative muon mass generation
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Radiative muon mass generation

Uy

vg — 0, tan 8 = = 0o, mie =y,vg = 0

@ m, generated via coupling to v,

[Dobrescu, Fox '10][Altmannshofer, Straub '10]

® |m, = ypta —|—yuvuAIfd

1y obtained from one-loop self energy.

SUSY _ YuVu red
ay,  my, ay,
SUSY red
ab"®Y oy, and my, o<y, s oSUSY _
,u Ared
“w

[1504.05500] [Bach, Park, Stéckinger,S-K]

Hyejung Stockif im ( TU Dresden) The muon magnetic moment in new physics 29. Sept. HC2NP, Tenerife, 2016 23 /28



Radiative muon mass g

a® = G Wir) + @ (Wia) + @ BAA) + @ Bifg) + @ Bvjin)
Ard = A(wWan) + A(WARL) + AR(BALL) + A'ed(BH;LR) +  A*(Bavin)
MSSM
@ a,>>"sign depends on the mass ratios. red
gn dep aMSSM _ ay
@ sgn(u) and tan 3 dependence disappears. Ay oA
o o order correction equal mass case
. - o _g3+5g3 m
° ’a[fd(WHD) ‘ and ’A;fd(WHf/) ‘ have opposite ~ 3(g7—3g2) MZey
- 2
signs. ~ -T2 % 10—10 1TeV
Msysy

@ For the equal mass case,

als (W Hv) and AlY(W Hir) dominate

MsSh
= negative a,
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Radiative muon mass generation

M1 =Mmg, |M2| =u

pr-dominance: top middle
BH [igr dominant

\E‘ At the center, the equal mass
£ case,
s 2
g MSSM  _ —10 [ 1TeV
E alfSSM v 72 x 10710 (1L )
y Large p-limit: right end
2 -15 -1 05 0 05 1 15 2 D~ ~ 2
lo0y0 [/ g ] B fir dominant
hite: positive for M: M. \ /
white pOS.ItIVG or My >0, M <0 What can be the C-value/aM>Mfor the
red: negative for My > 0 . . !
given parameter ratio space?

blue: negative for My < 0
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Radiative muon mass generation

logyo [m /mg]

logyo [my /mg]

(7o) 264 290 280

0.1

405 0 05 1 15 2
log1o [1/mg]

405 0 05 1 15 2
logyo [1/mg]

|| > | M| = mL = mgr = Msysy

o 2
— (f,jj:y) m > [p| = [Mi]| = mr = Msysy

g 1

Msusy

2
a ~ 37 x 10710 (JEL)
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GM?2Calc

https://gm2calc.hepforge.org/

[Athron et. al. '15]

2L i f
aSUSY — (alL a (a) a2L, photonic CL2L’ ff)
tan B-resummed

@ A stand alone program to evaluate (g — 2), in MSSM.

@ includes all known loop corrections, particularily ff 2-loop.

o allows tan 8 — oc.

@ computing in on-shell scheme: no error caused by mg like in DR mass.
@ in standard SLHA input
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Summary

2HDM MSSM Radiative m, generation
1y My, My
" Mg, My, tanj wy, My, Mz
—ﬁ h, H, A, H m m Ma,, My,, Mp, m m Mg, Mp, tanj m
Mz,, M, <=1,23
2HDM 2 mf susy, 11 m, ; Rad 0_mp
a, oca m Cl a; " mtﬁSlgn(/L) a: : m

7-loop, enhanced by (7
4) x 10~
30) x 10~10

OMB(D ..

(15
50 Gev < M4 < 100 Gev
¢ =100

Hyejung Stockil

im ( TU Dresden)

a2 a— (T 9)%xaSUsv!
Fr~(10--- 30)%Xaiusv,1

a,~26 x 10710

Msysy ~ 500 GeV

tg =50

The muon magnetic moment in new physics

[|>| My |=m=mr=Msysy
mp>>|pl|=|M|=mr=Msysy

a,~37 X 10*10( 1 Tev )2

Msysy

MSUSY ~ 1000 GeV
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