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Natural Higgs mass in NMSSM

tan 8 = 10, M3(Mz) = 300 GeV
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Higgs Mass in I\/ISSI\/II
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Higgs Mass in I\/ISSI\/II
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LEP limit: mj, = 114.4 GeV

satisfied for A;/m; < 1 with:

m; > 1000 GeV

— LEP puzzle!
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Precision electroweak data
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Precision electroweak data

March 2008
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Search for the SM Higgs at LEP

LHWG-2003-011
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Non-standard Higgs decays

R.D. and J. Gunion
LEP puzzle solved in models with non-standard Higgs decays, e.g.:

hiy — a1ax — 47, 47, A4g,

for mp ~ 100 GeV and m, < 10 GeV there are no exp. limits!

N - 90%

: search at LEP - L3, C. Tully

10% e — —

can fully explain LEP Higgs excess at mj ~ 100 GeV
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NMSSM - brief reviev;/

MSSM + one additional singlet superfield (results in one CP-even and
one CP-odd neutral Higgs bosons, and one additional neutralino):

W = Wyrssyp + A §ﬁ[uﬁd + g §3

L3558 — S58B4 \A\SH,H,+ gAKSS +m2SS*

U
tanﬁzv—z, Heff = AS

light CP odd Higgs:
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Light CP-odd Higgs at B factories

with

Oeff — 179pb.

To limit

Br(Y(1S) — vya1) <1076

we need

5.6fb~ ' /e collected on Y(35).

Within reach at existing facilities!
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Many ways to search, e.g.:
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BR(T-7a,)
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CLEO limits

S. Stone, FPCP, May 2008
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Lepton universality in W boson decays

measured at LEP inete™ — W~ arXiv:hep-ex/0412015

B(W — uv)/B(W — ev) = 0.994 + 0.020
B(W — 1v)/B(W — ev) = 1.070 £ 0.029
B(W — 7v)/B(W — pv) = 1.076 + 0.028

R,/ = 2B(W — 1v)/(B(W — ev) + B(W — uv))
2.80 deviation from lepton universality:

R = 1.073£0.026

licht Hices Bosons in Upsilon Decavs — p. 10/16



Lepton universality in W boson decays

measured at LEP inete™ — WTIW— arXiv:hep-ex/0412015

B(W — uv)/B(W — ev) = 0.994 + 0.020
B(W — 1v)/B(W — ev) = 1.070 £ 0.029
B(W — 7v)/B(W — pv) = 1.076 + 0.028

R,/ = 2B(W — 1v)/(B(W — ev) + B(W — uv))

2.80 deviation from lepton universality:

R = 1.073£0.026

measured at Tevatron in inclusive W production pp — WX
CDF, Nucl. Phys. Proc. Suppl. 144, 323 (2005)

agrees with lepton universality:

Br(W — 1v)/Br(W — ev) = 0.99 4+ 0.04(stat) £ 0.07(syst)
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Lepton universality in W boson decays

measured at LEP inete™ — WTIW— arXiv:hep-ex/0412015

B(W — uv)/B(W — ev) = 0.994 + 0.020
B(W — 1v)/B(W — ev) = 1.070 £ 0.029
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2.80 deviation from lepton universality:

R = 1.073£0.026

H¥ expected to contribute!

measured at Tevatron in inclusive W production pp — WX
CDF, Nucl. Phys. Proc. Suppl. 144, 323 (2005)

agrees with lepton universality:

Br(W — 1v)/Br(W — ev) = 0.99 4+ 0.04(stat) £ 0.07(syst)
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Lepton universality in W boson decays

measured at LEP inete™ — WTIW— arXiv:hep-ex/0412015

B(W — uv)/B(W — ev) = 0.994 + 0.020
B(W — 1v)/B(W — ev) = 1.070 £ 0.029
B(W — 7v)/B(W — pv) = 1.076 + 0.028

R,/ = 2B(W — 1v)/(B(W — ev) + B(W — uv))

2.80 deviation from lepton universality:
R = 1.073£0.026
H¥ expected to contribute!

measured at Tevatron in inclusive W production pp — WX
CDF, Nucl. Phys. Proc. Suppl. 144, 323 (2005)

agrees with lepton universality:
Br(W — 1v)/Br(W — ev) = 0.99 4+ 0.04(stat) £ 0.07(syst)
H=* NOT expected to contribute!
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Charged Higgs contribution to R

H7* contribution to TvTv:

efficiency of W — 7v event to pass as W — [v event is not negligible and so

H= effectively contributes also to mixed 7viv channels
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Charged Higgs contribution to R

H7* contribution to TvTv:

efficiency of W — 7v event to pass as W — [v event is not negligible and so

H= effectively contributes also to mixed 7viv channels
H* contribution (simplified!) to 7v + hadrons:

oy+y—BHT — 7Tv)B(HT — hadrons)
ow+w-BWT — ITv)B(W+ — hadrons)

Rﬁ/l = 1+

underestimates by not including HTH~ — csW —*A, esWT*A, WT*AW ~* A
with one A — 777~ that could mimic WW — 7v + hadrons

B(H' — hadrons) ~ 1 — B(H" — 77v)
overestimates B(H T — hadrons) by including B(HT — WT*A) with

A — 7777, 7 — leptons and WT* — [eptons
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Charged Higgs contribution to R

RL,, Rl = R (solid), £1, 420 (dashed,dotted)
ior

| RP = 1.07340.026

shaded is excluded
by HY — 7Eu limits;

B(Hi — Tj:V>

other limts not showed

but not effective for

00
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mpy+ ~ 75 — 85 GeV with B(HT — 7Fv) ~ 20 — 40% seems to explain R,
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Light Charged Higgs in the MSSM

mass of the charged Higgs in the MSSM:

myg+ = \/m%/+m?4—A’

A’ is SUSY correction - typically small
for mg < myy:
mg+ = mMw

In the MSSM this possibility is ruled out by Higgs searches,
MSSM predicts my, < 60 GeV, but it is viable in simple
extensions of the MSSM, e.g. NMSSM.
The scenario requires m 4 < 2my and tan 3 ~ 1.

R.D. arXiv:0806.0847
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MSSM-like CP-odd Hliggs at B factories

MSSM-like A could be produced at B-factories: T — A~

(it is advantageous to search in T(15), (25) and (3S5) data)

results obtained from R.D., J. F. Gunion and B. McElrath, hep-ph/0612031
_ _ tang=10, M, 5=100,200,300 GeV
taking tan G cosf, ~ 1: 1073 Jrarmpnnapainas: I aswany pasneasy
i 1T +
B(Y(1S) — Ay) ~5x 107° 104 | ST E
for mg ~ 2m- - g f E
o B 4 4
g ) |
B(T(1S) — Avy) ~ 107 I It S
for myg ~ 9.2 GeV i +
10—6 3 — + —]
: g
$
10-7 T TN
—05 0.0 05
CI_EO preliminary ||m|ts a, non-singlet fraction (cosf,)
assuming B(A — 7t77) =1 Ma, < 2m;
B(YT(1S) — Ay) < 7x 107> — 8 x 1076 2my <May <T7.5GeV

depending on exact m 4
8.8GeV < mg, < 9.2GeV
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General case

light CP odd Higgs coupling to SM fermions:

normalized to SM Higgs coupling
abb, attT:
tan 0 cosf4
acc:

cot B cosf 4

for large tan 3:
for tan 8 ~ 1:

for tan 8 < 1:
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Possibility of cascade decays

assuming more than one light scalar, < 2my, cascade decays would dominate:
any — 2any_1 — 4dan_o9 — ... — 2N_1a1
typically the heaviest scalar, ap, produced in Upsilon decays
T — an
but the decay product determined by the lightest, a1, e.g.:

T — 2N_1a1 + v — 2N_1jj +

T — 287 1la + 4 = 2N 1letem 4 4

T — 2Nl 4 4 = 2N 4y

depending on the mass of a.
a1 can also decay into a stable neutral particles: a1 — xx
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Conclusions

Light Higgs bosons present a unique opportunity for B factories:

motivated by relations to other Higgs bosons

modifying the SM Higgs decays, h — aa

possibility of a light charged Higgs

can explain B(W — 7v)/B(W — lv) = 1.073 4 0.026!
it is advantageous to search in T(1S5), (25) and (3S5) data
T(3S,25) — nta~T(1S), YT(1S) — avy

decay modes: a — 777, ¢¢, gg
possibility of cascade decays, anyy — 2V la; + ~

ar — jj

al — ete™

air — 7Y
possible connection to dark matter

air — XX
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