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Introduction

SM — low-energy effective theory. Supersymmetry.
MSSM Higgs sector: h (125) and H,A,HT, H™
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Radiative corrections to these tree-level expressions are parametrized
using

Ni(M) = N7*(Ms) — AN(M)/2, i=1,2,
AN(M) = XF(Mg) — AN(M), i=3,..7, (4)

An example of one-loop threshold corrections®

A)\ 3 A 2 A 2 4
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M2 2A2 A}
where [ = log (mip)’ Xy = MgUl;Y (1 N 12M52busy>.

1 Akhmetzyanova, Dolgopolov, Dubinin, Phys.Rev. D 71 (2005)
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The one-loop approximation for the effective potential

The resummed potential at the one-loop?

U=UP+UW +Uu® +u® 4 (6)

Qe+ A+ [+

Two conditions of negligibly small contributions of higher order
operators 3

2lmopA| < MZ, 2lmoppt| < M3

28. Coleman, E. Weinberg, Phys. Rev. D 7(6) (1973) 1888
3Carena et al., Phys. Lett. B 355, 1995
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K (DT 013 + kg (BFD2)3 + kg (B D)2 (DI D) + kg (BB ) (BLDo)?
s (P 01) (D] @2) (BB ) + 6(D] ) (D] D1 ) (R D5) +

(7 (D1 D2)3 + kg (DT D1)2(DTDy) + ko(B]D))(D]D2)? +
K10(®]02)2 (DI Do) + k11 (P]P2)*(RIP1) + K12 (D] D) (R]Bo)2 +
K13(DT D1 ) (DT D2) (DI D) + h.cl.
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Mass basis for the case of effective potential with the
dimension-six terms

(m)=e-(i) (2)-o (%) (2

cos X —sinX
OX*( sin X cos X >’ X=ap (®)

m,% 2 m%—[ 2 m?A 2 2
U= c0A+clhA+cQHA+7h +—AHg +7A +mys HTH ™+ I3+ I+ I5+]

2
Condition Parameters
minimization 2042
:ulv :u2
. . . 2
diagonalization Repds

c0=0,c1=0,co=0 TImA\, Imk, Imu?,
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=0 )

/L% = —Reulztﬁ + (4)\ch + 3ReAgs2p + 28,30\345 + ReM7tg)) + (10)

%(3&16% + 5Rengc;§sﬁ + 3(Rekrr + Reki1 + Reﬁlg)CgS% +

(Rerg + (k3 + H5)/2)S§B + (k4 + ke + 2Rek10 + Remgtlg)s%),
02
pa = —Reul,cotf+ — (4)\25B + 3Re)A7s25 + 205()\345 + Reg cotg)(14)

4
%(3525% + 5Remgs%c,3 + 3(Rek7 + Rek11 + Remg)sﬁcg +

(Rek1g + (k4 + k) /2)s55 + (k3 + k5 + 2Rerg + Rekg cotg)cs).
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M2 M2 aQU
M5 = < YN ) M, = (12)

M3 M3, Y;0Y;
MY =misitmycs, Mgy =micitmysh, My = —sges(mi+my
AM%l = —’UQ(AAlcz + ReA)\5S% + ReA)\ngﬁ) + (13)
+ 04[3,%10% + 4Ren3025g + (k3 + ks + 3R6K9)C%S% +
+  (3Rert + Rek1 + Reris)cgsh + Remos‘lﬁ],

AM3, = —v*(AXash +ReAXsch + ReAlrsag) + (14)
+ v4[Re/£9c% + (3Rek7 + Reri1 + Remg)cgslg +
+ (ka+ke+ 3R8H10)C%8% + 4Re/~clgcﬁs3ﬂ + 3/125?3],

AME, = —v*(Adzssses + ReA)\6c?3 +ReAM7s3) + (15)
+ v4[Re/£gc% + (k3 + k5 + RGHQ)C%SB +
+ 2(Rek11 + R6K13)C%S% + (k4 + Ko + Remo)cﬂs% + Remgsg].
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1
M= i  AME  AME, &\l 4 — 2mEmens + C),

2
m%e = m% +mi— %(ReA)\5 — AN+ (16)
4
v
+ Z[c%(ZReng — k5) + s3(2Rek1g — ke) — s2p(Rer11 — 3Rekz)]
m2 _ mi(Cl — m%) + mQZ(CQ — 03) — AM%AM%Q + AM%Q
A 01—02—03-1—7712205ﬁ
2AM3, — (Mm% +m?)sap
tan 2a = 18
M g~ )eas + AME, — AME, "

where
C= 4AM%2+(AM?1 *AM§2)2 *2(mi*m2z)(AM?1 *AM§2)C2/3*4(mi+m2z)AMf252/3»

C1 = AMF, + AM3,, Ca =m} — AM7, 525, Cs = AM3 8% + AM3,ch.

Two conditions restrict implicitly the MSSM parameter space

mh+my—2mimbeis+C >0, my+my+AMI +AME,—2m7 > 0.
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Effective potential method

The one-loop resummed MSSM potential at the renormalization scale

Mtop )
3 M 3
0 4
off = —t 1 =, 1
U =U +327r2 rM <nm%0p 2) (19)
where U? is a tree-level potential at the scale Mg,
oV
2
=— 2
Mz, N (20)

is the squark mass matrix squared,

qj = (Q7 U*’ D*)7
V0 is the most general scalar potential, including Higgs boson and one
generation of squarks?

Vo=V +Vr+Va+V, (21)

4Gunion, Haber, Nucl. Phys. B272, 1986; Haber, Hempfling, Phys. Rev. D 48,
1993
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Vi = —pl@le; + ME(QTQ) + ME(UTU) + Mg (D™ D), (22)

Ve = TP@Q)D+1Y0@07 02Q)T + h.c., (23)
Va o= AL (@e) (@[ @) + (2] @)[AZ(QTQ) + A (U"U) + A[ (D" D))
_ -~ 1 -
+ RS@IQNQ ) + S [Aci;(i9] 02/)D"U + hoc)] (24)
Mg = MQ,U,D
AQ — & 1 5 2 n2 1 5 2
= 135[1(92 —91YQ),hy — 1(92 - 91YQ)], (25)
. . 1 1
A = diag(h, — 593, 595 — hi)). (26)
1 1
AY = diag(fzngU,h?J + ngyu), (27)
1 1
A” = diag(hp, — 701Yp, 791YD), (28)
A= —hyhp, (29)
I, =hy(—m Av), Ty =hp(Ap,—p), (30)

g1,2 are couplings of SU(2)r x U(1)y, Yo,u,p = {3(—1), 2(2),— %} — squark (slepton)
gamuy hp = g2mp

Vemyag’ V2mwos

couplings, p — Higgs superfield mass parameter.

hypercharges, hy = — Yukawa couplings, Ay, p — trilinear
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Symbolic expressions for x; and numerical results

Effective potential terms of the dimension-six in the decomposition are

6) _ 3 1 212 212
U = 320M2n 2( r(M3)? - Mtr[(/\/‘r) (M) (31)
1 24§ 42 1 216
+ Mtr[(/\/‘r) MR] = Mtr(/\/‘r) )-
For instance,
Fiells U® U
6 4 6
32]\}2D27r2 2 - 3‘11\612‘ + lAD‘ - ‘1}011]\34%
4
i (3 - s'AD‘ el
_ h2 2
(o7 e1)®  m +W (291 + 29793 + 392) (1 - lngz )
_p6 __1ul° +hd (gitg)lult _ 52 (1791*69192+99§)\u\2
U 320 M§ w2 256M67r2 U 3072M 32

+ o= (g — 98)
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RS, CP — hhcuCP + hEG2BP + hS AL 4 hiGaAs — W G3As + G1,(32)
RS A1 + hhGaAs — W GaAs + hE,CY — hiGacy + 3G BY — G1,(33)

RS CP + hpGuBY — hEGo(2BP + As)
RS.CY — bt GaBY |u)® + b3 G3(BY +243) — 3G,
RS CP — WhGuBP|ul? + h3 Ga(BP +243)
rS.CY + hiGaBY — hE Gs(2BY + Az) + 3Gy,
RS, CP + h,GaBY — h5G2(2BY + A3)
RS.CY — bt GaBY |u)® 4+ h,G3(BY +243) — 3G,
RS, CP — kL GuBP|ul? + h3 Go(BP +243)
rSCY + ki GuBY — h: Gs(2BY + As) + 3Gy,

3
W(A%h% +ALRD),
RS CE 4+ 2nGaCP + b3 G AL + hS AY + i, GuAY + hE G AY,
B, CY — hhGaAD +hS AV + i GaAY,
LAY + R GaAD + hECY — hpGaAY,
RECP + hpGaCP — 203G AR + 180V + nfaucY — 2h7 G AY,
RS AD + R GaADR + h3GoAR +18.CY + 20, GaCY 4+ nE G5 AY,

RGCY + W GaCP — 2h5 G2 AL + e CY + hiaacy — 2n%G3AY

(34)
(35)
(36)

(37)

(38)

39)
40)
41)
42)
43)

(
(
(
(
(
(44)
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The dimensionless parameters \; and k; - Mg for Ay = A, =10 TeV, p =14

TeV, tan 8 = 5, Ms=5,7 TeV (top row). \; are evaluated using analytical
formulae®

5E. Akhmetzyanova, M. Dolgopolov, and M. Dubinin, Phys. Rev. D 71,
075008 (2005); Phys. Part. Nucl. 37(5), 677 (2006).

Elena Petrova work with Mikhail Dubinin Radiative corrections to the effective sextic couplings of I



v
=)
S

500
it
At
400 400 3
5 2
© 300 O 300
: B
3 T
< 200 200
S 2
g g
100 100 ™
0 0 i ¢
15 20 25 30 35 40 45 4 6 3 10 12
M;, TeV a) Ms, TeV b)
500 1.0
400
> 05
o
< 300 %
5 | T 0o
3 Lo
< 200 ®
£
=
100
-05
0 < <
30 35 %0 ¥ 50 25 30 35 40 45 50 55

M;, TeV C) Ms. TeV

d)
Figure: (a) tanf8 =4, A =10 TeV, p =8 TeV; (b) tan 8 =8, A =25 TeV,
u =30 TeV, (c),(d) tan 8 =5, A =10 TeV and p =5 TeV.
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Figure: (a) contours for the Higgs boson mass m24) calculated with the
dimension-four potential terms; (b) the relative difference in percent

between mff’) and mﬁ:l) masses; the parameter set A = 10 TeV, u = 8.3 TeV,
Mg =2 TeV.
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The vacuum stability conditions

The necessary condition

oU oU

— =0, — =0 45
96 962 (45)
and sufficient condition
1 1
A = ' U?/1¢1 U?/1¢2 >0 (46)
P21 P22 |y
of extremum existence.
The minimum condition
616 > 0. (47)
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Xe,7 = Ki =0, Reufg =0:
AL > 0, Ao > 0, VAL Ay > |)\345|.

Conditions of positivly definite Higgs potential
1')\6,7 = R; = O, Reu%Q =0: )\1 Z 0, )\2 Z 0, )\345 2 —2\/ )\1)\2.

2. Hl‘:OZ

A1 Z 0) )\2 2 0) A345 Z 6V )\1)\27
Re/\6 > —24 /\?/\2, Re)\7 > -2 \4/ )\1)\%

3. The general case

K1 >0, Ko >0, Rekrs > —3\/Kika, Reri2 > —34/K1K3, (48)

k4 + ke + 2Rek1g > 154 /11@, k3 + k5 + 2Rekg > 1514 nlﬁg,
Rer7 + Rek11 + Rek13 > —10/k1Ks.
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Summary

In the model-dependent case of the MSSM when the resummed
effective potential is expanded up to dimension-six operators induced
by the soft supersymmetry breaking terms, we
@ calculated symbolically corrections to the effective sextic
couplings
Q and used them to determine the post-Higgs discovery mass
spectrum of the heavy MSSM Higgs bosons.

An improved precision can be reached using such procedure,
especially at the low EFT cut-off scale.

For moderately heavy supersymmetry (Mg ~ 2-3 TeV) additional
corrections induced by higher-order terms in the expansion of the
effective potential should be taken into account.
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Thank you for your attention
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Appendix

RGM%Q = spgeg (mA + — B (2Re)\5 + ReAg cot 3 + ReAr tanﬁ))( )

1
+ v4{Re/-egc?ﬁ’Sg + Renmcgs% + —[Rengcé
+ Re/-@lgsﬁ (9Rex7 + Reki1 + Remg)sﬁcﬁ]}

[ V)

Imp2, = %(sﬁcﬂImAg, + AImAg + s3Imy) (50)
v 4 3
+ Z{Imﬂgcﬁ + 2Imrgcysp

+ (3Imk7 + Imkqy + Immg)c%s% + 2Im/-elocgs?ﬂ’ + Imnms%}
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C1

C2

= 1)2(—1/2 -ImAscats + ImAgsacg — Imhzcasg) (51)

%4(—0&+/3525(3Im/17 + Imkqg + Imkqs) + 4(sac?ﬁ’lmﬁg — cas%Immz)
+ 2(5%(—3%05 + sasp)Imkig — c%(caclg — 35a53)Imky),
= —%2{Im)\5sa+g + 2(ImAgegea + ImArspsa) (52)
+ [2Im/€86%0a + Im/igc%(saﬂg +2ca83) + Immos%(sa+5 +2¢8S80)
+ 2Im/-elgs?ﬁ’sa + %(SImm + Imrk11 + Imkis)s25Sa+s]}
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RS CP — hhciCP + 3 G2BP + hS AL 4 i GaAs — W G3As + G1,(53)
RS A1 + hhGaAs — W GaAs + hE,CY — hiGacy + 3G BY — Gy, (54)

RS CP + hpGuBY — hEGo(2BP + As)
RS.CY — bt GaBY |u)® + b3 G3(BY +243) — 3G,
RS CP — WhGuBP|ul? + h3 Ga(BP +243)
rS.CY + hiGaBY — hE Gs(2BY + Az) + 3Gy,
RS, CP + h,GaBY — h5G2(2BY + A3)
RS.CY — bt GaBY |u)® 4+ h,G3(BY +243) — 3G,
RS, CP — kL GuBP|ul? + h3 Go(BP +243)
rSCY + ki GuBY — h: Gs(2BY + As) + 3Gy,

3
W(A%h% +ALRD),
RS CE 4+ 2nGaCP + b3 G AL + hS AY + i, GuAY + hE G AY,
B, CY — hhGaAD +hS AV + i GaAY,
LAY + R GaAD + hECY — hpGaAY,
RECP + hpGaCP — 203G AR + 180V + nfaucY — 2h7 G AY,
RS AD + R GaADR + h3GoAR +18.CY + 20, GaCY 4+ nE G5 AY,

RGCY + W GaCP — 2h5 G2 AL + e CY + hiaacy — 2n%G3AY

(55)
(56)
(57)

(58)

(59)

60)
61)
62)
63)
64)

(
(
(
(
(
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G oL g3 (g1 — 93) 591 + 69793 + 993

= , Gop =2 T 192 7 792 66
M2 102472 2 307272 (66)
Gy — 1791 — 69195 + 995 Gu— 9iT9
307272 ’ 25672 ’
|p[® ks |pl? x _ 3Axpulpl*
M=o T g M T M T g 60
S S S S
X 3A% e |ul? X 2Axplpl? 4X _ Ake® X _ PAX
47 320MBR2 > ME o Mg ToME”
S S S S
|Ax|? 2 X 4]Ax|? 6
By = - +—, B =——F+—, (68)
Mg MG Mg Mg
b'e X 2 HX X |#|2 X
By =Cyg + u|*Bs, By :W+B2»
S
x_ lw® 9|Ax|* | 10 x _ Axp® [ 3JAx]®? | 10
= 32072 \ M8 + M6 |’ Cy = 32072 \ M3 + M | (69)
u S S ™ s S
Axplpl? [9Ax|2 20 |[Ax|? 3
b'e X K X X X
“ = Taaome \my o mg) A\ Tug T )
a s s s s
Ax|? — |ul? 3 A 3|Ax|*  20/Ax|? 30
Cs = —2Axn <‘ XlMG vl - M2 ) s = 328(#2 ‘Mil B lMgd T )
s s o S s s
X __ lu> (9lAx|* 40]Ax|* = 30 oxX _ |[Ax]*  6lAx|? 6
T 32072 M8 M8 ML) 8 7 MS M2 M2’
S S S S S S
ox_ 1 |Ax[®  10[A%] N 30|Ax|* 20
o 320m2 \ M3 M§ M2 M2
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