33. SUSY Standard Model

SM alone cannot be formulated as SUSY theory
[V < 8]

= |SUSY Standard Model = SM ® SUSY [N = 1]
(minimal)

— doubling of particle spectrum: SM + SUSY part-
ner

minimal model MSSM:

VECTOR MULTIPLETS

1
J=1 J = —

2
gluon g gluino g

W= W3 | wino W* W3

B bino B
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CHIRAL MULTIPLETS

2

quarks qr, qn squarks qr,,qRr

leptons ¢;,4p | sleptons /1, /g

higgsinos Hy, H> | Higgs Hy, Ho

Higgs sector:

SM: Ly = gq(drd)dr + gu(urd)ur + h.c.
R

V2 \ v+ H
¢C:i02¢*:i<v_gﬂ>

V2
MSSM: superpotential holomorphic — 2 Higgs

doublets for up— and down—type fermions

anomaly freedom: TrQ gz = 0

LLagrange density:

L = Lgauge + Lmatter + Lp + Ly + [’SOft
_%Ga/M/G’ZV . ZWCL/M/WCL _ ZBW/BMV

»Cgauge
— — ~ 1T ~
+ Trlgipg] + Tr[WipW] + 5373@3
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Lmatter — Z szlpw‘l‘ Z |DM¢|2
¢:f7H1 f~7H7,
+ i S DL prrevag — VOThy ¢t
v V2
1 .
Lp = —52 Dy | with D) = —gv; 1350,
a,V
[Higgs fields,. . ]
2 2
oW l~— O0°W
Ly = — — = _ 7+ h.c
W ; Op; Qizj%L 3¢ia¢j%L+ ’
W = Wg+Wg ()" = o; Y5 = o]
Wgr = —epH}HY
+ € f/\LHiijEC + A\pHiQ;D + AUchZ}j("]C]
Wp = € | AL;L;EC+ XN L;G;D¢| + X'T°DD*

(1) mass generation in SM via Higgs mechanism
(2) R—parity violation: AL # 0,AB # 0; P decay
— MXN'~0

1

13 - 215 12 D15 12
[’soft — _5 Z MiAa)‘g_m1|Hl| _m2|H2|
i=1

+ Buej(H{HS + h.c.) — M3(a} iy, + d},dp)
— MZahap - M3dLdg + (7)
g Mg,

Variy 4 [cos g M@ T+ (@) + (D
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1.) HIGGS SECTOR

Higgs potential:

Vo= (mi+ u?)|H1? + (m3 + p?)| Ha|?
—  Bue; (H{H) + h.c.)

2 /2 2
g +g 2 g
+ T [[H1P — [Ha?]” + | Ho?
Hi ¢7*
Hl p— p—
2 _
Hf —¢q
1
H; o
H2 pm— p—
2
H3 9

< quartic couplings ~ gauge couplings
<+ diagonalisation:

Hll — % (vl -+ Hoca — hosa - iAOsﬁ — iGOcB)
Hf = H sg— G cg
H} = HTcg+GTsy
1
H3 = 7 (v2 4+ H0 4 h%ca +iA%; +iGOsp)

G*, GO = Goldstone bosons
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< parameter:

2 12
9-+yg
Mi o= T2 40
ME o= ULt
V1V2
U2
tgp = o
2 2 2.2 Aj%
m1—|—’u = MASB—7CQB
M2
ma 4+ pu® = Mic% + 7Z623

bilinear terms in V:

192«

relations:

Lo 2 tgs 1

= M7. = M3+ M3, charged

1.5 tgs 1 2

18 M32tgB + Mz cot 3 — M3 — M2

5720 — M3 — M? M3 cot B+ Mztgp

1

5 {ME1 + MZ ¥ \/(Mj + M3)? — 4M§M§c§5} CP-
M2+ M?2 T

tg23 —24 Z ——<a<0

S Vv 2~

A4ﬁ < .Afz,AfA
AIH' > Alz,AfA
MHj: > MA,MW
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modified by radiative corrections

4 o
— 3GFmt O —mtlth
\/szs% mt2

€ + stop mixing [u, A¢]

M, S 130 GeV

MH,A,H:E:"'U"']' TeV

2.) CHARGINOS/NEUTRALINOS

charginos: mixing of winos/higgsinos = 2 eigen-

states ;'zf/z [H, = Ho, Hy = H1]
[ W)
L T : ay
Lo = —51#1/\/‘01#1 +he with = 7

<
Q
|

(%)
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physical states:

X+

|
N
< X
I\)_I_l—l_l_
N———

|
VR

1 l
N———

<= ()= (&)

Vv =UlU = 1]

(V?VE ) ( 3l

—2{ TUsxvIxg + x4 VvXTu x|
U =v"=@wH"]

Lo

— U'XV 1= ( M O >
0O my,
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_|_
5<';|_ - ( Xi T> [4 components]
(XZ' )
Lo = —m X7 K] —m X353
1
L AP RULERIY]

limits: w, Mo > My,
Mg, (Ma + pszg)

m + = M.
X1/ 2 u2 — M2
Mz, (|p| + eMossg)
W 23 .
m = € — Si1gn
e |l + 202 gn(p)

o|u| > Ms: X7 gaugino—like, X2 higgsino—like
o|u| < Mo: X7 higgsino—like, X2 gaugino—like

: 2 2
o/~ —M»>,tgps ~ 1: mxf/QN\/MQ + Mj;, ~degenerate

63



M, (GeV/®

M, (GeV/c)

M, (GeV/))

Chargino-Neutralino mass m» vs [

X 1 )~(J,L Isomass curves ( GeV/cZ)
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)~((1) Isomass curves (1 GeV/cZ)
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neutralinos: mixings B, W3, A9, HY — 4 eigenstates
~0

X1,...4
L 7
»CO = —§¢OM0¢0+}Z.C.
[ B )
W3
with ¢g = 70 [2 components]
\ A )
My 0] —Mgzsweg Mzswsg
M = 0 Mo> Mzeweg —Mzewsg
0= —Mzswcﬁ MZCWCB 0 — U
Mgzswsg —Mgecwsg — 0

physical states: x0 = Ny with NTN =1

mxcl) 0 0 O \
§ 1 0 mxg 0 O
= N " MgN = 0 0 m o 0
X3
\ 0 O O m.o
X4
1 4 ,_—0.,0 .
fo = _Eizlmxgxixi with
0 XQ [ ]
X, = z 4 components
" <<X?>T>
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limits: u, My, Mo > My

Mzsiy (M1 + psp)

— M —
mx(])- 1 ,LL2 . M%
_ MZc,(Mq + psg)
myo = Mp— 2 2
2 p< — M5
mo = a4 Mz (1 — esog)(Jul + Mich, + Masgy,)
O —
X3 2(|pl + M) ([u| + M2)
mo = |+ MZ(1 + espp) (|| — Mich, — Mosi,)
O —
Xa 2(|p] = M) (|p| — M2)

— )'Zg_)NB ,XQNW

m~o ~ M~+
X2 X1

o|u| > My, M>: LSP gaugino—like
olu| < My, M>: LSP higgsino—like; m.o ~ M o ~

1 X2
m_+ [sorted]
X1
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M, (GeV/E®)

M, (GeV/E®)

M, (GeV/)

Chargino-Neutralino mass m» vs [
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‘ Chargino-Neutralino masses, cntd |

ss (GeV)

[
2350 - N
[

300 —

Neutralino/chargino mass
——
M, = 200 GeV

tang = 1.5

Neutralino/chargino mass
T T T

T
M, = 400 GeV
tang = 1.5

250 }
200 r
150 :
100 :

50

..............

o L1 L
—400 —300 —200 —100

0

100 200 300 400
w (GeV)

mass solutions for My > 100GV,

- PRI L f
0
—800 —B600 —400 -200

200 400 600 800
w(Gev)

pure if > 80%, mostly if > 50%

p < —Ms:

—M2 < p < —Mq:

—My < p < My

pure Bino
mostly Wino

pure higgsino a
pure higgsino b
pure Bino

pure higgsino b
pure higgsino a
mostly Wino

my ~ |p| ~< M(x7) pure higgsino
mo ~ My pure Bino
ma =~ |pu| >~ M()Zit) pure higgsino
my ~ Mo ~ M()~<2i) mostly Wino

1 ~< My < M(x5)

mo > M()Zit) increases slowly to M2
m3 =~ [pl

ma >~ |pu| >~ m3 ~ M()zgz)
ﬁ”bl ~ M1

Mo approaches Mo, ~ M<>~<:1t)
m3 ~ [pl

g ~ || ~ M(xE)) ~> ms

mixed Bino/Wino/higgsino
mixed Bino/higgsino

pure higgsino b

mostly Wino

mostly photino

mostly Zino
pure higgsino a

mostly higgsino b
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3.) SFERMIONS

= A2 with F=( L
Lf f/\/lff with f (fR)
2 2
5 MLL MLR
M]'g —
2 2
MRL MRR
M? = M2 +m7+Mz(I — erstr)e
LL/RR Ti/m fEMZU3L /R — €fsy)C2p
D term

Mip = Mpy =my [Af ~ F”"f]

Tf

cot@ for f = up—type
tgs for f = down—type

mixing: large only in 3. generation: L, R — 1,2

1
2 2 2 2 2 2\2 2 2

[w/0o D term]

diagonalisation:
f1 cosfy sinfy fr
f —sinfy cosf; frn

me(Af_:qu)

Siﬂ2@f = 5 5
TR

M2 — M2

cos20; = /L IR

2 2
ms< — m=
J1 J2
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e splitting largest for heaviest fermions
= 1 can be the lightest squark
71 can be the lightest slepton
e large tgp: splitting by < bs large
= there are regions in which by is lightest squark
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‘ Example of SUSY Spectrum |

Schematic Sparticle Spectrum in MSSM

0 2
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E ~
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e M = _
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