LHC explores what LEP hinted at: CP-violating
type-1 2HDM

Jae-hyeon Park

Technische Universitat Dresden

Annual Workshop of the Helmholtz Alliance
“Physics at the Terascale”
04.12.2012

Based on
o JhP, JHEP10(2006)077
@ Mader, JhP, Pruna, Stéckinger, Straessner, JHEP09(2012)125



Lepton universality in charged current interactions

e SM predicts lepton universality
e W boson couplings to e, i, T are determined by

SU(2) gauge invariance
gcc—— Z WTV}/”( )l—l—hC
l e,u,T
e Thoroughly tested in
U—evv,T— UVV, T—eVV, T —eV, T — UV,
T— 7oV, ...
All tests confirm lepton universality
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Test of lepton universality using u — evv and t — uvv
@ Parametrize
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@ Take ratio I'(t — uvv)/I'(L — evv):
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Data from Loinaz, Okamura, Rayyan, Takeuchi, Wijewardhana, PRD(2004)
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Data from Loinaz, Okamura, Rayyan, Takeuchi, Wijewardhana, PRD(2004)
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Measurement of B(W — [v) at LEP

LEP directly measured
B(W —eV,), B(W — uvy), BIW — tve),
from partial cross sections of WW — 4f

-~ w— fl fl
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f ¢ W )
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(flaf2) = (e,Ve), (‘LL,Vu), (TaV’L’)? (dvﬁ)a (SvE)

(f1.f3) is a conjugate

LHC explores what LEP hinted at: CP-violating type-I 2HDM Helmholtz A / 04.12.2012

4/19



Excess in tau mode

@ LEP results

LEP electroweak working group, hep-ex/0612034

Experiment | B(W — ev,) [%] | BIW — uvy) [%] | BIW — tv¢) [%]

ALEPH 10.78 £0.29* 10.87 +0.26* 11.2540.38*

DELPHI 10.55+0.34% 10.65+0.27* 11.46+0.43*

L3 10.78 +0.32* 10.03+£0.31* 11.89+0.45*

OPAL 10.40£0.35 10.614+0.35 11.18+£0.48

LEP 10.654+0.17 10.594+0.15 11.444+0.22
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Excess in tau mode

@ LEP results

LEP electroweak working group, hep-ex/0612034

Experiment | B(W — ev,) [%] | BIW — uvy) [%] | BIW — tv¢) [%]
ALEPH 10.78 £0.29* 10.87 +0.26* 11.2540.38*
DELPHI 10.55 +£0.34* 10.65+0.27* 11.46 +0.43*

L3 10.78 £0.32* 10.03 +£0.31% 11.89 +0.45*
OPAL 10.40£0.35 10.614+0.35 11.18+£0.48
LEP 10.65+0.17 10.59+0.15 11.44+0.22
@ Assume B(W — ev,) = B(W — pvy), then
BW = tve) = 1.0774+0.026
[B(W — eV,) +B(W — uvy)]/2 |, gp



Excess in tau mode

@ LEP results

LEP electroweak working group, hep-ex/0612034

Experiment | B(W — ev,) [%] | BIW — uvy) [%] | BIW — tv¢) [%]
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Excess in tau mode
LEP electroweak working group, hep-ex/0612034

@ LEP results

Experiment | B(W — ev,) [%] | BIW — uvy) [%] | BIW — tv¢) [%]
ALEPH 10.78 £0.29* 10.87 +0.26* 11.2540.38*
DELPHI 10.55 +£0.34* 10.65+0.27* 11.46 +0.43*

L3 10.78 £0.32* 10.03 +£0.31% 11.89 +0.45*
OPAL 10.40£0.35 10.614+0.35 11.18+£0.48
LEP 10.65+0.17 10.59+0.15 11.44+0.22

@ Assume B(W — ev,) = B(W — pvy), then
B(W — tvy)
[B(W — eV,) +B(W — uvy)]/2 |, gp

=1.077+0.026

| 7.7% or 2.8 | departure from lepton universality ]

@ New physics?
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Dilemma
@ A model leading to effective interactions

zcc_l_%rfwf—,yﬂ( )l+hc

with g; # g. ;;, generically conflicts with lepton universality tests
from u, T decays
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Dilemma
@ A model leading to effective interactions

zcc_l_%rfwf—,yﬂ( )l+hc

with g; # g. ;;, generically conflicts with lepton universality tests
from u, T decays
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@ Take a different approach
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Charged Higgs solution
JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP

B w- N
e
2
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wt fa
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Charged Higgs solution
JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP
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Charged Higgs solution
JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP
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Mostly, (£1.f2) = (7, V<), (s,¢) |
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@ Suppose H*H~ pairs were produced at LEP
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MOStIy; (flafZ) = (Tav’r)a (S,E) J
@ B(W — lv) is measured by counting final state fermions

Charged Higgs contamination appears as excessive B(W — rvT)J
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Charged Higgs solution
JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP

B W h h B - h
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MOStIy; (flafZ) = (TaV’L')a (S,E) J
@ B(W — lv) is measured by counting final state fermions

Charged Higgs contamination appears as excessive B(W — rvT)J

@ opyy is a decreasing function of My — | My+ ~my desirable‘
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Charged Higgs solution

JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP

W A - A
' f‘z f‘z ' >’\AAA‘FI///f‘2
Ve
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¢ AN £ooc 1l

MOStIy; (fl afZ) = (Tavf)v (S’E) J

@ B(W — lv) is measured by counting final state fermions

Charged Higgs contamination appears as excessive B(W — rvT)J

@ opyy is a decreasing function of My — | My+ ~my desirable‘
@ Hard to realize in MSSM due to
Mi. =m},+mi and my>93 GeV
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Charged Higgs solution

JhP, JHEP(2006)

@ Suppose H*H~ pairs were produced at LEP
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Mostly, (£1.f2) = (7, V<), (s,¢) |
@ B(W — Iv) is measured by counting final state fermions
Charged Higgs contamination appears as excessive B(W — rvT)J

@ opyy is a decreasing function of My — | My+ ~my desirable‘
@ Hard to realize in MSSM due to

Mi. =m},+mi and my>93 GeV
@ Consider a 2HDM
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Naturally flavour-conserving 2HDMs

@ Arrange Yukawas to kill Higgs-mediated tree-level FCNC

Glashow, Weinberg, PRD(1977)
Model labels borrowed from Barger, Hewett, Phillips, PRD(1990)

@ H*-fermion-fermion interactions
-5

V2my

governb — sy, t — H b, H* — vy, ...
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Naturally flavour-conserving 2HDMs

@ Arrange Yukawas to kill Higgs-mediated tree-level FCNC
Glashow, Weinberg, PRD(1977)

Model labels borrowed from Barger, Hewett, Phillips, PRD(1990)

Models I Il 0 v
VEV Ar | VEV A VEV A
u ®, cotf | D, cotf3 P, cotf
( d > ®d; tanf | Dy tanf3 ®d, —cotf
v
< l )/ ®; tanf | &, —cotf | P tanf3
tanfl = v, /vy

H*-fermion-fermion interactions

L = § H* [VijmuiAu ﬁR,‘dLj + V,-jmded ﬁL,'de + mlA[VLlR] +h.c.

V2my

governb — sy, t — H b, H* — vy, ...

H™-fermion couplings in Model | are suppressed by cotf3
LHC explores what LEP hinted at: CP-violating type-I 2HDM
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Requirements

0 |82 GeV < My+ < 86 GeV

o Experimental constraints:

«— LEP

OPAL, EPJC(2012)

FCNC, CP-violation, S, T, U,t — H"™b, B~ — TV,
other lepton universality tests

Out of four models with natural flavour conservation,}

only type-l works if tanf3 = 4
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Test at ILC

@ What to look for: charged Higgs with My ~ my that couples very

weakly to fermions
@ Doable at ILC

@ Beam polarization helps a lot

e~ /et polarization | oyy [pb] | oww [Pb] | Guu/oww [%]
0%/ 0% 0.10 7.13 1.4
80%/ 0% 0.05 1.47 3.3
90%/ 0% 0.04 0.76 54
80%/60% 0.06 0.65 8.7
90%/60% 0.06 0.37 15.0

for /s =500 GeV, right-handed electron and left-handed positron

beam polarizations
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Standard light H* search at hadron colliders

e Escapes from Tevatron search if tanff 2> 1
e Can be relevant at the LHC for low tanf3

ATLAS, CMS, JHEP(2012)
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Alternative channels for H* search

Djouadi, Kilian, Muhlleitner, Zerwas, EPJC(1999)

>\/\uN/\/V oc COS(B _ a) >\A%\A < 1

~HY ~HY

e May survive even at high tanf
o o(pp — H* h|A) ~ 100 fb
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CP-violating neutral Higgs mixing

H, c1C2 51C2 52 Uit
Hy| = |—(c1s283+s1¢c3)  cre3—s18283  cas3| |[M
H3 —c1s2c3+s153  —(c183+8185203) cacz| M3

® [ isinBH™

= 7(V1+171—lsmﬁ773)

® —icosBH™

27 %(V2+772+i008[3773)

§; =sinQ;, C¢;=CoSQ;
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H™* production at the LHC
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ud - W — H H; — tvbb

En=7 TeV En=14 TeV
L=10fb™ {5 L=100 fb*
b —3=2 {= — 3=2
‘ — 5=3 @ ‘ — 5=3
— >=5 - : — >=5
Searches Searches
— H'H, : : — H'H,
& WiH1 e WEH

—

.
.
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Suppressed lightest Higgs production 9 HDMI
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H*-loop enhances H; — yy



H*-loop enhances H; — yy
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gg —~Hy —vyy
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X  /0(9g ~H, - VY
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£ — 0.00215 (b){ * i— 3fb (b)
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Summary

e Type-I 2HDM could resolve lepton non-universality
in W-pair production at LEP

o H* almost degenerate with W reduces 2.8 ¢ of
deviation down to 1.4 ¢

e LHC has excellent potential to discover H* in this
scenario

o Light H* loop can enhance H; — yy
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