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H± ⇒ Physics beyond SM

• 2HDM

• Higgs triplet model

• MSSM

• ...



If H± will be found at the Tevatron or LHC:

⇒ more work is needed to find which New Physics it is

⇒ couplings must be measured

We consider: CP violation in H± in MSSM

MSSM: 5 Higgs bosons h0, H0, A0, H±

• 2 parms. only: tanβ, mA ⇔ 50 (if FV 124) in MSSM

• TH and Exp. bounds:

1) TH: m2
H+ = m2

W + m2
A0 ≥ m2

W+

2) Exp: LEP: mH+ ≥ 78.6 GeV, Tevatron: mH+ ≥ 200 GeV

• CP inv. at tree level

• CPV in Higgs sector → loop effects



We consider

H±-decays into ordinary particles:

H± → tb

H± → τ±ν

H± → W ±h0

• decay rate asymmetries:

δCP = Γ(H+→...)−Γ(H−→...)
Γ(H+→...)+Γ(H−→...)

δtb, δντ , δWh0



We consider

t decays keeping its momentum and polarization!

We study the decay products of t:

H± → tb → bb′W ±

H± → tb → bb′W ± → bb′l±ν

• angular asymmetries: b′, l± ⇒ ∆ACP = AFB
+ − AFB−

• energy asymmetries: b′ ⇒ ∆RCP = R+ − R−
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we measure CPV induced by loop corrections in H± → bt



in general: vertex & self energy loop corrections

⇓

CPV : δΓCP ≈
(
igCP

)

︸ ︷︷ ︸
CPV coupling

× i =m (MSSM loops)
︸ ︷︷ ︸
a SUSY channel open

for CPV we need both:

• igCP

• at least 1 SUSY channel open for H±-decay

mH+ > m̃1 + m̃2 > 200 GeV



MSSM

• The particles in the loops:

g̃, χ̃±, t̃, b̃ and χ̃0 in the loops

Recall: gluino g̃ ↔ g,

charginos χ̃± ↔ (W̃ ±, H̃±),

neutralinos χ̃0 ↔ (γ̃, Z̃, H̃0
1 , H̃0

2)

scalar quarks q̃ ↔ q

scalar leptons l̃ ↔ l



• The CP phases:

1) the Higgs mass parameter µ = |µ|eiφµ,

• exp: de, dn ⇒ φµ < 10−2, m̃SUSY ∼ few 100 GeV

2) the gaugino masses: M1, M2

GUT: M1 = (5/3) tan2 θW M2 ⇒ φ1 = 0

|M1| = (5/3) tan2 θW |M2| ⇒ φ1 6= 0

3) the trilinear coupls. of sfermions and Higgs:

At = |At|eiφt, Ab = |Ab|eiφb, Aτ = |Aτ |eiφτ ,



H± → tb

H. Eberl, S. Kraml,

W. Majerotto, E. Ch.

N.P. B

MH± = i g√
2 mW

ū(pt)
[
Y ±

t PL + Y ±
b PR

]
u(−pb̄)

Y ±
i = yi + δY inv

i ± δY CP
i

yt = mt cot β, yb = mb tan β

δY CP
i = <e δY CP

i + i=m δY CP
i

2 CPV formfactors: <e δY CP
t & <e δY CP

b



• we have: 2 CPV form factors <e δY CP
t and <e δY CP

b

• we need: 2 measurable quantities:

1) the decay rate: Γ± = Γinv ± ΓCP

2) the t polarization: P± = ±Pinv + PCP

ΓCP = [yt <e δY CP
t + yb <eδY CP

t ](ptpb) −
−mtmb[yb <eδY CP

t + yt <eδY CP
t ]

PCP =
yt <eδY CP

t −yb <eδY CP
t

(y2
t +y2

b)(ptpb)−2mtmbytyb



Our CPV asymmetries:

H. Eberl, E. Ginina,

W. Majerotto, E. Ch.

JHEP
• decay rate asymmetries: δCP ' ΓCP

• CPV forward-backward asymmetries: ∆ACP
f ' PCP

• CPV energy asymmetry ∆RCP ' PCP

∆ACP
f = AFB

+ − AFB
− = αf m2

tm2
H

m2
H−m2

t
(m2

H+m2
t )

2 PCP

AFB
+ =

NF
+−NB

+

NF
++NB

+
, AFB

− =
NF−−NB−
NF−+NB−

sensitivity to t polar : αb =
m2

t−2m2
W

m2
t+2m2

W
' 0.4, αl = 1

∆RCP = R+−R− = αb (m2
H−m2

t ) PCP , R+ =
N+(E>E0)−N+(E<E0)
N+(E>E0)+N+(E<E0)



H+ → ντ

H. Eberl, S. Kraml,

W. Majerotto, E. Ch.

JHEP
mν = 0 ⇒ one formfactor δY CP

τ :

Y ±
τ = yτ + δY inv

τ ± δY CP
τ , δντ =

ReδY CP
τ

yτ



H± → W ±h0

E.Ginina, M. Stoilov,

E. Ch. JHEP
The difference: h0 = not observed ( yet!)

TH: mh0 = mh0(mH+, tan β), gWH+h0 = gWH+h0(mH+, tan β)

MH± = ig ελ
α(pW ) pα

h Y ±,

Y ± = y + δY inv ± δY CP , y = cos(α − β)

δWh ' <e δY CP

y

BR(H± → W ±h0) ∼ 10% for low mH+ & low tan β, quickly drops with tan β





The CPV asymmetries in H± → tb
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φAt
= π/2, no sensitivity to φAb



The different contributions to H± → tb
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δtb significant when H+ → t̃b̃ open (sensitive to φt̃), otherwise – negligible,

tan β = 5, φAt
= π/2, φAb

= φµ = 0.



The CPV asymmetry in H+ → ντ
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• δντ [10
−3] as function of mH+, sensitive to φτ and φ1; mH+ > mν̃ + mτ̃

δ(φτ = π/2) ' −δ(φ1 = π/2), δ(φτ = φ1 = π/2) ' 0,

• BR important for low mH+ and tan β > 10



The CPV asymmetry in H+ → W ±h0

300 400 500 600
mH�

-0.02

-0.01

0.01

0.02

�Wh0

tan����3

tan����6

tan����9

tan����9

tan����6

tan����3

250 300 350 400
mH�

0.002
0.004
0.006

�Wh0

ML�180
ML�160

ML�140

�a�

�b�

δWh0 as a function of mH+ a) , ML = 120 GeV; solid lines are for φτ =

−π/2, φ1 = 0; dashed lines are for φτ = 0, φ1 = −π/2. b) for different values

of ML, at tan β = 9, φτ = −π/2, φ1 = 0.

BR important for low mH+ and low tan β ' 3 − 5



The BR of H±

For example, for mH+ = 250 GeV, we have

tan β = 5

BR(H+ → tb̄) = 0.90

BR(H+ → ντ ) = 0.062

BR(H+ → W +h0) = 0.04

tan β = 30

BR(H+ → tb̄) = 0.64

BR(H+ → ντ ) = 0.36

BR(H+ → W +h0) = 0.0006



Conclusions

CPV in MSSM: H± → tb, H± → ντ, H± → W ±h0:

⇒ tan β & mH+ are unknown

⇒ depending on tan β & mH+ different decay modes will play role

⇒ different phases will be measured

δCP = Γ(H+→...)−Γ(H−→...)
Γ(H+→...)+Γ(H−→...)

• simple measurement – only the decay rates

• always decay modes H+ → SUSY partls. needed for δCP 6= 0

⇒ this decreases BR(H+ → ordinary partls.)

• a simult. considr. of δCP & BR needed



• H± → tb, δCP (t̃b̃) ∼ 16% - 20 %, ⇒ φt & φb, mH+ > 500 GeV

• H± → ντ±, δCP (ν̃τ̃ ) ≤ 0, 5.10−3 ⇒ φτ & φ1,

tan β > 10, mH+ ' 200 − 300 GeV

• H± → W ±h0, δCP (ν̃τ̃ ) ≤ 10−2 ⇒ φτ & φ1,

tan β ' 3 − 5, mH+ ' 200 − 300 GeV

• H± → tb1 → b1b2W → b1b2lν

⇒ ∆ACP
FB & ∆RCP

b ∼ 10%

• Measurability

δCP depends on H±-production:

δCP = δCP
P + δCP

D

⇒ at the Tevatron: mH+ < 200 GeV

⇒ at LHC: mH+ < 1000 GeV

⇒ at LC: mH+ <
√

s/2 GeV

LHC: pp → H±t see the next talk!



The BR of H+ for tan β = 5, 40 (A.Djouadi, J.Kalinowski, M.Spira)



Measurability – depends on the H±-production

• H± → tb

LHC: gb → H±t with large background

SLHC needed! L=1000-3000 fb

• H± → ντ , H± → W ±h0

LHC: BR too low

interesting for e+e−-colliders: e+e− → H+H−: m±
H - the only param.

• the number of H± needed to measure δCP
... in H → ... with Nσ standard

deviations is

N ≥ N 2
σ

δ2 BR(H→...)

• the number of H± → ... seen at LHC at the given mode is

N = σP BR × acceptance × luminosity



The loops in H± → tb


