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General structure of supersymmetric models

L = Lgauge + Lmatter — V2g(®* T3)AZ — V2g(1* TAP)A? + Loop
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General structure of supersymmetric models

;C - ;Cgauge + ;Cmat[er - \/ég(q)* Ta/(p)Aa - \/Eg(/(p* Taq>))\a + ESOft
@ Gauge part of the lagrangian:

1 .
ﬁgauge - _ZFSVFaI“/ + I)xTa5”VM)\a
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General structure of supersymmetric models
L = Lgauge + Lmatter — V2g(®* TH)A? — V2g(4* TEO)A + Lo
@ Gauge part of the lagrangian:
Lgauge = —%ijl-'a“” +iAtazry A8
@ Part of lagrangian with matter:

Lmatter = i1'5" Dyip; — D' &' D, d; — M'f«z) Wi — —M*wf’w’”

1 .
— Y Ptk - éy,-;fkw'w“w“‘ - V(o,of)

D. Karateev (Chalmers University) Analysis of Chiral EMSSM Munich, 2012 3/12



General structure of supersymmetric models
E - Egauge + L:matter - \/ég(q)* Taw))\a - \/Eg(/(b* Taq>))\a + ESOft
@ Gauge part of the lagrangian:
1 S tas
Egauge = _ZFEVFaNV + IATaJ”VH)\a
@ Part of lagrangian with matter:
Lmatter = it)1'5" D,y1pj — D" &*' D, &; — M'fw W — —M*w“w’”
1 .
— Sy iy — §y,-7k¢*’w“w*k — V(@ ¢7)
@ Superpotential:

W="Ldo + %M"fcb,cb,- - % Y00
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General structure of supersymmetric models
L = Loauge + Limatter — V2g(®* TAP)A? — V2g(1)* TAP)A? + Leop
@ Gauge part of the lagrangian:
Egauge - —%FEVFaMV + i}\Taa'MvH)\a
@ Part of lagrangian with matter:
Luatier = iv)"'5" D) — DF&*' D, &; — M'fw b — —M*w“w“
1 *
- éy’/kcb,-q/)jq/;k - §Yq’k¢h¢”wk — V(o, o)
@ Superpotential:
W="Ldo + %M"fcb,cb,- - % Y00
@ Scalar potential:
V=Vr+ Vp=WW; + %g2(¢TTad>)2
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SUSY Breaking

@ Soft SUSY breaking

1 1 . 1 . ' o
Lsott = ~(5MaA'NT+ 5 2 000,456/ ® 0141 D)) + oo~ (mP) 0

@ Gauge mediated SUSY breaking

Supersymmetry MSSM
breakingiomgin (Visible sector)

(Hidden sector)
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MSSM Content

SU(3) | SU2) | U(1)
Q O O :
u O - —2
d O - 3
L - O -3
1% - - -
&8 | - : 1
Hy - O %
Hg - 0 —1

Wissv = YaUiQiHy — YIaiQiHy — Y&iLiHy + pHyHg
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MSSM Content

SU3) | SU©) | U(1)
Q| O O :
u 0 - ~2
d 0 - 3
L - O -3
o ) ] )
e - - 1
H, - O 3
Hy - O .

Wissv = YaUiQiHy — YIaiQiHy — Y&iLiHy + pHyHg

1 .. 1 _ .
War—1 = é)\UkLiLjek + éXUkLindk + p"'LiHy
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MSSM Content

SU3) | SU©) | U(1)
Q| O O :
u 0 - ~2
d 0 - 3
L - O -3
o ) ] )
e - - 1
H, - O 3
Hy - O .

Wissv = YaUiQiHy — YIaiQiHy — Y&iLiHy + pHyHg

1 .. 1 _ .
War—1 = é)\UkLiLjek + éXUkLindk + p"'LiHy

1
Wap—1 = EA//”kUidjdk
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Content of Chiral EMSSM

SU@3) | SU@2) | U(1) | U'(1)
Q O O 2—3 aqii
u 0 - -2 |
d O - : Qi
L - O -3 | qu
v - - - Qs
e - - 1 i
Hy - 0 % Qzi
Hq - O -3 | gs
sT - - [ - @

3 3
Wemssm = Y Y _[YIGQiH, — YiaQH, + YivLiH,—
g

3
— YIgLH) + > (kiSiHyHY) + AS1S:Ss
i
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Anomalies and Yukawa constraints
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Anomalies and Yukawa constraints

@ There are 9 - 3 = 27 unknown charges.
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Anomalies and Yukawa constraints

@ There are 9 - 3 = 27 unknown charges.
@ There are 4 linear equations coming from anomalies, like:

3
SU()SUR)U'(1) = > (241 + Gai + Gai) = 0,

i=1
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Anomalies and Yukawa constraints
@ There are 9 - 3 = 27 unknown charges.
@ There are 4 linear equations coming from anomalies, like:

3
SUB)SUB)U'(1) = > (2¢1i + Qi + Gai) = 0,

i=1
@ There 2 non-linear equations coming from anomalies, like:

3
UMUMU(1) = (65 — 205+ G5 — a5 + G&; + 95 — G&i) = O,

i=1
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Anomalies and Yukawa constraints

@ There are 9 - 3 = 27 unknown charges.
@ There are 4 linear equations coming from anomalies, like:

3
SUB)SUB)U'(1) = > (2¢1i + Qi + Gai) = 0,

i=1
@ There 2 non-linear equations coming from anomalies, like:

3
UMUMU(1) = (65 — 205+ G5 — a5 + G&; + 95 — G&i) = O,
i=1
@ Linear constraints from the form of superpotential, like:

ki SiHLHYy = q7i + Qgi + Goi = 0
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Chiral extension

One particular solution is present on the table.

| =1 [ i=2 [i=3
1 1 1
9 16 16 §
u| t-s | s+s | 3
gl "1 1| a
3 3 3
1 1 1
L] —2 2 | —2
v | 1-s | 1+s 1
A 1 1 2
e 3 3 —3
Hy| -3+s|-3-s| -%
1 1 7
Ha| & 5 5
1 1 2

| S| 3-s|3+s | -5 |

Table: U'(1) charges of EMSSM for each family, where s =
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EW Breaking
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EW Breaking

@ Covariant derivative:
D, = 0, — igoAZT® — ig1 Y B, — i91gB,,.
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EW Breaking

@ Covariant derivative:
D, =0, - iggAjfa —ig1Y B, — ig; qBL.
@ Kinetic terms of Higgs fields and singlets:

Al
D, o' TD“¢;—>1g2v2W+W‘“+ A B, B YM?>| B~
H 2 21" 14 (] © g
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EW Breaking

@ Covariant derivative:
D, = 0, — igoAZT® — ig1 Y B, — i91gB,,.
@ Kinetic terms of Higgs fields and singlets:

Al
D,®' TD“(D,-—>1g2v2W+W*“+ A B, B YM?>| B~
H 2 21" 14 (] 1

@ Eigenvalues of the mass matrix:

1 1 - 1 vy
my =0, zmz=2vi(df+ @)1 +F), 3mz =gf( -5
1
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EW Breaking

@ Covariant derivative:
D, = 0, — igoAZT® — ig1 Y B, — i91gB,,.
@ Kinetic terms of Higgs fields and singlets:

ABH
(D" Dy — %ggvfwj W+ (A B, B, )M ( gﬁ; )
@ Eigenvalues of the mass matrix:

1 1 - 1 vy
my =0, Smz =, vi(gF+ @)1 +87), zmz =97 (- %)
1

@ Mass eigenstates:
1

1
\ 9%+ 93 \ 9%+ 93

Z,=2)-4B,, Z,=B,+§2Z.

A= (1A +@2By), Z) = (92A% — 91B,)
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Running Coupling Constants ,

Running coupling constants g; in terms of a; = f—;’r up to one loop:
bi
2
where t = In A, A-energy scale and b; model dependent constants:

o (H) = ai_1 (EW) —

I

L,

1
by =2ng + %nh, bo = —6 +2ng + ~np, b3 = -9+ 2n,.

2
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Radiative corrections of the masses

@ Masses of the sfermions arise from the one-loop diagrams:
21

2 2
2 gZ/mZ/ A
m; = 5= In
52 s RCEEE 4n ms,

J f J

@ Masses of the gauginos arise from the two-loop diagrams:

m; = M2 9395 in (2
A 647T4 mz,
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Forthcoming work
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Forthcoming work

@ Analysis of different sets of U’'(1) charges
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Forthcoming work

@ Analysis of different sets of U’'(1) charges
@ CP-violation from the Higgs sector

Vo kg N HITHY s;sg—@x‘ HY2H2S; S —ka\*HBHSR S S5~
— by S{HSTHY! — b SoHPPHS? — by SsHIHS® + aS1S2Ss + ce.

We can redefine fields to make a, )\ and k; to be real, b; are always
real, i.e. we have 3 extra phases in Higgs sector
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Forthcoming work

@ Analysis of different sets of U’'(1) charges
@ CP-violation from the Higgs sector

Vo kg N HITHY S;sg—f@* HY2H2S; S —ka\*HBHSR S S5~
— by S{HSTHY! — b SoHPPHS? — by SsHIHS® + aS1S2Ss + ce.

We can redefine fields to make a, )\ and k; to be real, b; are always
real, i.e. we have 3 extra phases in Higgs sector

@ Bounds on the coupling constants
@ Dark matter candidates
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Forthcoming work

@ Analysis of different sets of U’'(1) charges
@ CP-violation from the Higgs sector

Vo kg N HITHY S;s;;—mgA* HY2H2S; S —ka\*HBHSR S S5~
— by S{HSTHY! — b SoHPPHS? — by SsHIHS® + aS1S2Ss + ce.

We can redefine fields to make a, )\ and k; to be real, b; are always
real, i.e. we have 3 extra phases in Higgs sector

@ Bounds on the coupling constants
@ Dark matter candidates
@ Phenomenology
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