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Introduction

LHC: my ~ 125 GeV, supersymmetry 7
Msysy > 1 TeV (decoupling limit), h, H A, H*
Mz: MSSM is a SM-like theory

— The restriction of the parameter space or simplification of the model

Free parameters: m 4, tan 3, Msusy, At, Ap,

Threshold radiative corrections

Assumptions: RGE's contributions and 1,2 generations of squarks are neglected
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Two forms of 2HDM potential

A flavour state

Uepp(®1,®2) = —pf (B]®1) — pd (@5 ®2) — 11122 (@] @2) — (1112%)* (@] 21)
FAL(@TD1)? 4+ Ao (BLB2)2 + A3(D] D) (D B2) + A (@] Do) (@) D)
1 2 1 2 1 2
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+75 (B]@2)7 + T (2] 21)% + A6 (2] 21)(2] @2) + AT (2] 21)(B]D1)
A7 (BLD2) (@] ®2) + A7* (@] o) (@] 1)

[Dubinin M., Semenov A., Eur.J. Phys., 2003] ...
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Mass state

2 2 2
U(h, H,A,H*,G° G*) = %h2+%H2+%A2+m§{iH+H7+inter(3)+mte7‘(4)
3)

[Akh , Dolgopolov, Dubinin, Phys.Rev.D71, 2005] ...

The relation between mass and flavour states

(m)=e(i) (3)=a(F) (F)-o(i)

where rotation matrix

cos X —sinX
Ox = ( sin X cos X ) ’ X=ap )
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Masses of C'P-even Higgs bosons and mixing angle

m, = si+5m2Z +Ci—ﬁm?4 —v2(Aklsicg +Akgcisé
—  2(AX3 + AXg)cacgsasg + ReAA;,(sisg + cicé)
2¢cqa+p(ReAXgsacg —ReAA7casg)),
my = ci_'_ﬁmQZ +si_ﬂm2A 71}2(A)\1cic§ +A)\28i52 (5)
2(AX3 + AXg)cacpsasg + ReA)\s(cisi + sic%)
25o+p(ReAXgcacg +ReAX7s053)),
sag(m?% +m%) + v2((Axz + Alg)sap + ZCEReA)\G + QS%ReA)w)
cQg(mi‘ — m2Z) + v2(A)\1c/23 — A)\2S/23 — ReAXscag + (ReAXg — ReA)q)ng)7

+ o+

tan 2«

[Akh , Dolgopolov, Dubinin, Phys.Rev.D71, 2005]

1
M = 5 (mh 4 my o+ AMY, +AM, £ Vi +m = 2mAmeas + O),

e = 2AME = (4 md)ss ©
(m% —m3)eap + AMF, — AM3,

[Djouadi et al., arXiv:1307.5205v1, 2013]
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where
2 M3 M3, 2 Y + o
— 2 9% y = =12 (7
My ( M) MG oviav,’ X W, i,j=1,2 (7)
2 _ M%l M%z AM%I AM%z
M= (b ) (A e ). ®
M3y = mish +myes, My =mich+mys;, My = —spep(mi +my), (9)
2 _ 2 2 2
AMT, = —v (A)\ch +ReA)\5sB + ReAXgs23),
AM3, = —v’(AXash +ReAXsch +ReAArsag), (10)
AMI, = —v?(AXasaspcs +ReAlgcy +ReAdrss),

C= 4AM‘112+(AM§1 7AM§2)2 *2(7"?4 *m2z ) (AMfl *AMgz)C% *4("& +m2Z)AM§252/3

[Djouadi et al., arXiv:1307.5205v1, 2013]

Simplified representation for heavy C'P-even Higgs boson mass

m¥ =m} +my —mj + AMY; + AM3, (11)

How to calculate these radiative corrections A\;?
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hMSSM scenario

[Djouadi et al., arXiv:1307.5205v1, 2013]; Lee, Wagner; Slavich P.; Spira M. (2014)

Assuptions:
1-loop (e-approximation) + 2-loop (leading logarithmic contributions)

AMi1 ~0, AMiz ~ 0, AMaz #0

14 -
AM3,
2 (12 2 2 2 2 2 12 - =
2 my(my +mz —mj) —mimzcsg
AM5, = I p—— s 10 ==
Mz C T My S5 — My, E N T———
2 2 2 2 2 2 2 2 2 2 W6 Ma—a00G
5 (mA+mZ—mh)(mZCB-l—mAsﬁ)—mAmZCzB S 6 Ma=300Gev
mz = 4yl
H m2c2 + m2 s2 — m2 ’
A ASB h
2 2
m7, +m%)sac
o = — arctan 2( QZ 2A)2 poS 5 2
mzch +mAsﬂ —my 3 2 -1 0 1 2 3
1 [TeV]
myp = 123 — 129 =B
Free parameters: ma, tan 8, Mg

Is it true for more precise approach?
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Additional nonleading D-term contributions in threshold corrections
+ w.f.r. contributions
1-loop
[Ak} , Dolgopolov, Dubinin (2005)]; Haber, Hampfling (1993); Carena, Ellis, Pilaftsis, Wagner (2000)
+ 2—|Oop [Carena et al., arXiv:hep-ph/9504316v2, 1995]; Pilaftsis, Wagner (1999); Demir (1999); Choi,
Lee (2000); Heinemeyer (2001),
ImA;p = Imp =0
For instance,
2, .2 2 2 4 2, .2
95 + g 3 | Apl | Ayl | wl 95 + g
AN o= 2271 — [h4 2b (2 - 2b ) —nf - + 2nfr4 271 > L (n2)u? -
8 32m MSusy 6Mgysy 6Miysy 4 Mgysy
1
—nZ1A4p1)] + Ayt p— (1101 + 993 — 36 (47 + 93) hi) 1 — AX1[2 — Loop], (12)
-
AX{[2 — loop] = — N (§h2+lh2—8q2)(X 1+ 1%+
1672 %l6n2 2 0 2t 98 b
3 1 4
+——nh} L (92 — 5hF — 1693)1, (13)
19272 " 1672 Moy
1 M2
ANy = 22 4 93)Al;, 1= 1og —SUSY (14)
2 o2
3(1 - 1/2) o[ qu2  —prar (4,12 —p*ar
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SUSY
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Numerical analysis of A/\/lgj

e
my, = 123 — 129 GeV 0.015 _—
0.010 __—
= 0.005 _/__f_: _____
a) MSUSY =1 TeV, tan 8 = 30; N!E: o000l TTTTTTTTme-
b) MSUSY = 1.5 TeV, tan 8 = 5; % —0.005
c) MSSY =3 TeV, tan 8 = 2.5; -0.010
d) MSSY =35 TeV, tanf =1 -0.015
6.0 6.5 7.0 7.5 8.0 8.5 9.0
10, TeV
Habop w TeV [ A TeV [ AMT, TeV? [ AMS,, TeVZ | AM3,, TeV?
tan B = 1, 3 15.649 -0.001 0.007 0.018
MY = 3.5 TeV 10 5.159 0.008 0.010 0.003
tan 8 = 2.5, 5 13.651 0.002 0.008 0.007
MY = 3 TeV 10 10.187 0.012 0.001 0.011
tan 8 = 30, 40 24.039 0.134 0.033 0.006
MY = 5 TeV 60 29.128 0.451 0.093 0.009

Numerical values of Aij,

mass mjy = 125 GeV.

where m 4 =1 TeV, A, ;, = A such that it accommodates the

+ radiative corrections of other approaches
[Djouadi et al., arXiv:1307.5205v1, 2013; Cheung et. al., 1411.7329v3[hep-ph], 2015], see the previous slide

AA/I?]_IZ must not be neglected. 5 free parameters: my, tan 3, u, Ay = A, Mg



Consequences for observables
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Conclusion

The simplified MSSM scenarios are a very attrctive scenarios. However theirs
results for Higgs masses and couplings may not respect a sufficient degree of
precision.

The "decoupling limit" is a good approximation in the sense that results are
stable with respect to m 4.

The preferred range of the MSSM parameter space is —2.5 < a < —1,tan3 ~ 1
for the meaningful parametric sets.

If Msysy < 3 TaB then the preferred range is tan 8 < 10 for |A, u| < 7 TeV.

Thanks for your attention
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