88. MSSM Higgs Bosons

Higgs Potential:

Vo= (m3+p?)|Hi]? + (m3 4 p?)|Ha|?
— Bue;; (HiH%—I—hc)
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+— quartic couplings ~ gauge couplings
+— diagonalisation:

1
Hll — E (vl -+ Hoca — hosa -+ iAosﬁ — iGOcﬁ>
H% — H_Sﬁ—G_CB
H21 — H+65+G+Sﬁ
1
H3 = 7 (v2+ HOa + hOcqa +iA%5 +iGOsp)

G*, GO = Goldstone bosons
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«— parameters:

Mz = " + v3)
M3 = Bu-L
(V)
tg8 = =
v1
>, 2 Mz > 2\ . 2
mi + p° = —T‘F(MA‘FMz)Sm 5
2, 2 Mz > 2 >
m5 + p° = —7+(MA+M2)COS B

=- Higgs sector determined by 2 parameters (M 4, tgs)

bilinear terms in V:

1 2 2 1
ML = S(ME+ Mi)sag ( cot 8 )
= M3, = M3+ M3, charged
1
M2 = EMiszﬂ( ki ) = Mj o
1 M3tg3 + M2 cot 3 — M3 — M7
2 _ - A Z 2 Z
M 5526 ( —M3 — M3 M3 cot 3+ Mztgps
1
= M2y = {Mi + M3 F /(M5 + MB)? — 4M§M§C§ﬁ} CPe
M3+ M2
tg2a = tg2p3 T 5 ~5<a<o
M3 — M2 2
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Relations:

Mh < Mz,MA
MH > Mz,MA
MH:I: > MA,MW

modified by radiative corrections

3GFmt IO mg, Mg,

\/_7r mt2

M, S 140 GeV

+ stop mixing [u, A¢]
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Higgs couplings:

o Y 2
Ling = ||ig5 Wi+ ig'Bu| H
2 2
o Y 2
. a[ .
¢ |(ogwsriln) n
— AegHS'L — A\yugHS'Q — ApdpHS'Q + hec.
1 [m m
= g+ - [ “cot B(1 Fvs) + —2tgB(1 £ vs)
V21 v v
_ ¢ "MQ
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M2
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h — sin(B —
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sing | cosp
A cotpg tgps 0
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e M2 > Mz: My ~ My ~ M+ ~ degenerate

My, ~ \/Mg cos2 2/ + esin? 3

T
= h ~ Hgjs [decoupling limit]

etgfl = gil gyl 4Pl
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Higgs Decays

olz—»ﬂi7+7_¢f f
h ----- <
f

large QCD corrections: ~ —50... - 80%
Q Q Q
h -~ h - g h ——-
g
Q Q Q
Q Q o ——
. g
h - - = g h _— = g h - - — \ A
g
. g (000 /—=— 3
Q o Q
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h —-- 9 h —-- h -~ g
g
Q Q )

dominant effect: 5
_ as [ 4 M
my, — myp(Mp) = my, [1 - ( + log m—g) + 0(043)]
b



large SUSY—QCD corrections: O(10

)
b
R N + ..
B\
;
o h — WW* ZZ*

W, Z

h _____
W, Z

electroweak corrections: ~5...10%

e h — gg

(00000 g

h —==-- 4¢,b,8,b

QQQQO g

large QCD corrections: ~ 10...100%

T g g
t.b,1,b

h —-- g4t 0,70 h —-- g
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AVAVAVAVEGT g W, f, H*
h === e ho=-- Wi HE b m
VAVAVAVARGT Y

extremly important decay channel for LHC

e H — bb, 77— dominant for large tgs3
o H — hh, WW, ZZ 1T

Soh W, Z

|

e A — bb,7T7: dominant for large tgg
e A — tt: dominant above the tt threshold for small
and moderate tgg

|
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e total widths: My S 10 — 30 GeV narrow

L (D) [GeV]
10 = tgB=3 E
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HDECAY [Djouadi, Kalinowski, S.]
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e decays into gauginos and sfermions [3rd genera-

tion] important, if kinematically allowed
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Higgs Production

(a) Hadron colliders

e gluon fusion: pp — g9 — h/H/A

g “00000)

tbi,bd > === PO

g QQQQOJ

QCD corrections: ~ 10...100%

o W/Z fusion: pp — W*W*/Z*Z* — h/H

QCD corrections: ~ 10%
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e Higgs—strahlung: pp - W*/Z* - W/Z + h/H

q W, 7

q
QCD corrections: ~ 30%

e bremsstrahlung: pp — tf/bb+ h/H/A

q t/b g = t/b

q t_/l_) g < t_/l_)

QCD corrections:
ttp0: ~ £20%
bbp¥: ~ +(50 — 100)%
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102 ¢
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a(pp - h/H+X) [pb]
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a(pp—A+X) [pb]
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(b) ete~ colliders
e Higgs—strahlung: eTe™ — Z+ h/H

et N b H

o, x sin?(3 — )
o x cos?(B — a)
electroweak corrections: ~ —5... —10%

e pair production: ete™ — A4+ h/H

et N b H

oy, x cos2(f — )
o x sin?(8 — a)

«— complementarity
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e W/Z fusion: ete™ — veve/eTe™ +h/H

et < < 176/€+

e > > l/e/ef

relevant at high energies
electroweak corrections: ~ —2... —10%

e bremsstrahlung: eTe™ — tt/bb+ h/H/A

e” t/b

et t/b

+— measurement of Yukawa couplings
QCD corrections: ~ —10...+50%
electroweak corrections: ~ +10%
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