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Higgs Bosons — H° and H*, Searches for

A REVIEW GOES HERE - Check our WWW List of Reviews

STANDARD MODEL H° (Higgs Boson) MASS LIMITS

These limits apply to the Higgs boson of the three-generation Standard
Model with the minimal Higgs sector. For a review and a bibliography, see
the Note above on “Searches for Higgs Bosons.”

HO Direct Search Limits
Limits on the Standard Model Higgs obtained from the study of Z0 decays rule out
conclusively its existence in the whole mass region m 0 < 60 GeV. These limits,

as well as stronger limits obtained from et e collisions at LEP at energies up to
202 GeV, and weaker limits obtained from other sources, have been superseded by the
more recent data of LEP. They have been removed from this compilation, and are
documented in previous editions of this Review of Particle Physics. The same holds
for limits obtained from pp collisions at the Tevatron that have been superseded by
more recent results incorporating a larger integrated luminosity.

In this Section, unless otherwise stated, limits from the four LEP experiments (ALEPH,

DELPHI, L3, and OPAL) are obtained from the study of the ete — HOZ process,
at center-of-mass energies reported in the comment lines.

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

>114.1 95 L ABDALLAH 04 DLPH E, <209 GeV
>112.7 95 L ABBIENDI 038 OPAL E_,, <209 GeV
>114.4 95  L2HEISTER 030 LEP  Ep, <209 GeV
>111.5 95 L3HEISTER 02 ALEP Ep, <209 GeV
>112.0 95 L ACHARD 01C L3  Eqpy <209 GeV

e o o We do not use the following data for averages, fits, limits, etc. e o o

4 AALTONEN  09A CDF  pp — HOX, HO . ww(*)
5 AALTONEN  09AG CDF  pp — HOWX

6 AALTONEN  09a1 CDF  pp — HOWX

7 AALTONEN 0920 CDF  pp — HOZX

8 AALTONEN  09As CDF  pp — HOW X, HOZx

9 ABAZOV 09c DO  pp— HOWX
10 ABAZOV 00Q DO HO — ~4
11 ABAZOV 09u DO HO — ++7—

12 AALTONEN  08AF CDF  pp — HOZX
13 AALTONEN 08V CDF pp— HOWX
14 AALTONEN 08X CDF pp— HOZXx, HOwX

15 ABAZOV 0800D0  pp— HOZX, HOw X

16 ABAZOV 08y DO  pp— HOWX

17 ABAZOV 07x DO pp— HOZX

18 ABAZOV 06 DO  pp— HOX, HO — wwH
19 ABAZOV 060 DO pp— HOWX, HO — ww*
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1Search for et e — HO Z in the final states HO — bb with Z — ¢7, vT, qq. T
and HO — 7t 7= with Z — q7.

2 Combination of the results of all LEP experiments.

3 A 30 excess of candidate events compatible with m o near 114 GeV is observed in the

combined channels qGqq, qg¢?, ggr .

4 AALTONEN 09A search for HO production in pp collisions at E_,, =1.96 TeV in the
decay mode HO — Ww(*) — ¢T¢=um. A limit on o(HO) - B(HO — ww/())
between 0.7 and 2.5 pb (95% CL) is given for myo = 110-200 GeV, which is 1.7-45

times larger than the expected Standard Model cross section. The best limit is obtained

for m o = 160 GeV.

5 AALTONEN 09AG search for associated HO W production in 1.9 fb— 1 of pp collisions
at Ecyy = 1.96 TeV in the decay mode HO — bb, W — ¢uv. A limit on o(HO W)
B(H0 — bb) (95% CL) is given for m o = 110-150 GeV, which is 7.5-101.9 times
larger than the expected Standard Model cross section. The limit for myo = 115 GeV

is 9.0 times larger than the expected Standard Model cross section. Superseded by
AALTONEN 09AlI.
6 AALTONEN 09AI search for associated HO W production in 2.7 fb~1 of pp collisions

at Ecy = 1.96 TeV in the decay mode HO — bb, W — fuv. A limit on o(HO W)
B(H0 —  bb) (95% CL) is given for m o = 100-150 GeV, which is 3.3-75.5 times
larger than the expected Standard Model cross section. The limit for myo = 115 GeV
is 5.6 times larger than the expected Standard Model cross section.

7 AALTONEN 09A0 search for associated HOZ production in 2.7 fb~1 of pp collisions
at E.q, = 1.96 TeV in the decay mode HO — bb, Z — ¢T¢~. Alimit on a(H0 Z)
B(HO — bb) (95% CL) is given for m o = 100-150 GeV, which is 7.0-71.3 times
larger than the expected Standard Model cross section. The limit for myo = 115 GeV
is 8.2 times larger than the expected Standard Model cross section.

8 AALTONEN 09AS search for associated HO W and HO Z production in 2.0 fb—1 of pp

collisions at E,, = 1.96 TeV in the decay mode HO — bb, W/Z — qq. A limit (95%
CL) is given for myo = 100-150 GeV, which is 29.4-263 times larger than the expected

Standard Model cross section. The limit for myo = 120 GeV is 37.5 times larger than
the expected Standard Model cross section.

9 ABAZOV 09C search for associated HO W production in 1 fb—1 of pp collisions at E,
= 1.96 TeV in the decay mode HO — bb, W — ¢v. A limit o(HOW) - B(HO —
bb) < (2.1-0.95) pb (95% CL) is given for m o = 100-150 GeV, which is 9.1-84 times
larger than the expected Standard Model cross section.

10 ABAZOV 09q search for HO — ~~ in 2.7 fo~1 of pp collisions at E,,, = 1.96 TeV in
the mass range m o = 100-150 GeV. A limit (95% CL) is given for m o = 115-130

GeV, which is about 20 times larger than the expected Standard Model cross section.
11 ABAZOV 09U search for HO — 71+~ with  — hadronsin 1 fb—1 of pp collisions at

Em = 1.96 TeV. The production mechanisms include associated VV/Z—}—H0 production,

weak boson fusion, and gluon fusion. A limit (95% CL) is given for m o = 105-145

GeV, which is 20-82 times larger than the expected Standard Model cross section. The
limit for myo = 115 GeV is 29 times larger than the expected Standard Model cross

section.
12 AALTONEN 08AF search for associated HO Z production in pp collisions at E_,, = 1.96

TeV in the decay mode HO — bb, Z — ¢t ¢=. Alimit o(H9Z) - B(HO — bb) <
(1.5-1.2) pb (95% CL) is given for m o = 110-150 GeV, which is 15-160 times larger
than the expected Standard Model cross section. Superseded by AALTONEN 09A0.
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13 AALTONEN 08V search for associated HO W production in pp collisions at E_,, = 1.96
TeV in the decay mode HO — bb, W — ¢v. A limit o(HOW) - B(HO — bb) <
(3.9-1.3) pb (95% CL) is given for m o = 110-150 GeV, which is 25-120 times larger
than the expected Standard Model cross section. Superseded by AALTONEN 09AI.

14 AALTONEN 08X search for associated HOZ and HO W production in pp collisions at
E.m = 1.96 TeV in the decay mode HO bb, Z — vv and W — (¢)v, where ¢
is not detected. A limit o - B(HO — bb) < (4.7-3.3) pb (95% CL) is given for m o
= 110-140 GeV, which is 18-66 times larger than the expected Standard Model cross

section.
15 ABAZOV 08A0 search for associated HOZ and HO W production in 0.9 fb~1 of pp

collisions at E_,,; = 1.96 TeV in the decay mode HO — bb, Z— vvand W — @) v,
where £ is not detected. A limit o - B(HO — bb) < (2.6-2.3) pb (95% CL) is given for
myo = 105-135 GeV, which is 8.7-34 times larger than the expected Standard Model
cross section.

16 ABAZOV 08y search for associated HO W production in pp collisions at E_,, = 1.96 TeV
in the decay mode HO — bb, W — ¢u. A limit o(HOW) - B(HO — bb) < (1.9-1.6)
pb (95% CL) is given for m o = 105-145 GeV, which is 10-93 times larger than the

expected Standard Model cross section. These results are combined with ABAZOV 06,
ABAZOQOV 060, ABAZOV 06Q, and ABAZOV 07X to give cross section limits for m o0

= 100-200 GeV which are 624 times larger than the Standard Model expectation.

17 ABAZOV 07X search for associated HO Z production in pp collisions at E_ ., = 1.96
TeV in the final state Z — ete™ or utpu—; HO — bb. A limit o(ZHO) - B(HO —
bb) < (4.4-3.1) pb (95%CL) is given for m o = 105-145 GeV, which is more than 40
times larger than the expected Standard Model cross section.

18 ABAZOV 06 search for Higgs boson production in pp collisions at E_,, = 1.96 TeV
with the decay chain HO — WW* — (Eu¢/F 5. Alimit o(HO)-B(HO — W wW*) <
(5.6-3.2) pb (95 %CL) is given for m o = 120-200 GeV, which far exceeds the expected
Standard Model cross section.

19 ABAZOV 060 search for associated HO W production in pp collisions at E_,, = 1.96
TeV with the decay HO — W W*, in the final states ¢ ¢/F 1/ X where £ = e, p.
A limit o(HOW)- B(HO — W W*) < (3.2-2.8) pb (95 %CL) is given for m o =
115-175 GeV, which far exceeds the expected Standard Model cross section.

HO Indirect Mass Limits from Electroweak Analysis
For limits obtained before the direct measurement of the top quark mass, see the
1996 (Physical Review D54 1 (1996)) Edition of this Review. Other studies based
on data available prior to 1996 can be found in the 1998 Edition (The European
Physical Journal €3 1 (1998)) of this Review. For indirect limits obtained from other
considerations of theoretical nature, see the Note on “Searches for Higgs Bosons.”

VALUE (GeV) DOCUMENT ID TECN

so*32 20F ACHER 09 RVUE
o o o We do not use the following data for averages, fits, limits, etc. e o o
12078 21 L Ep-sLC 06 RVUE
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20 F| ACHER 09 make Standard Model fits to Z and neutral current parameters, my, myy,
and I}, measurements available in 2008 (using also preliminary data). The 20 (30)
interval is 39-155 (26-209) GeV. The quoted results are obtained from a fit that does
not include the limit from the direct Higgs searches.

21| EP-SLC 06 make Standard Model fits to Z parameters from LEP/SLC and my, myy,

and Iy, measurements available in 2005 with Aaﬁi)d(mz) = 0.02758 4 0.00035. The
95% CL limit is 285 GeV.

MASS LIMITS FOR NEUTRAL HIGGS BOSONS
IN SUPERSYMMETRIC MODELS

The minimal supersymmetric model has two complex doublets of Higgs
bosons. The resulting physical states are two scalars [H(l) and Hg, where

we define mH(l) < mHg], a pseudoscalar (AO), and a charged Higgs pair

(Hi). Hcl) and Hg are also called h and H in the literature. There are two
free parameters in the theory which can be chosen to be m A0 and tang8 =
Vo /vy, the ratio of vacuum expectation values of the two Higgs doublets.
Tree-level Higgs masses are constrained by the model to be mH(l) <

mz, mHg > mz, m Ao > mHtl),and my+ Z myy- However, as

described in the review on “Searches for Higgs Bosons” in this Volume
these relations are violated by radiative corrections.

Unless otherwise noted, the experiments in et e~ collisions search for
the processes ete — Hcl) Z0 in the channels used for the Standard

Model Higgs searches and eTe™ — H(l)A0 in the final states bbbb

and bbrT 7. In pp collisions the experiments search for a variety of
processes, as explicitly specified for each entry. Limits on the A0 mass
arise from these direct searches, as well as from the relations valid in the
minimal supersymmetric model between m A0 and m - As discussed in

the review on “Searches for Higgs Bosons” in this Volume, these relations
depend, via potentially large radiative corrections, on the mass of the
t quark and on the supersymmetric parameters, in particular those of the
stop sector. The limits are weaker for larger t and t masses. To include
the radiative corrections to the Higgs masses, unless otherwise stated, the
listed papers use theoretical predictions incorporating two-loop corrections
and examine the two scenarios of no scalar top mixing and the mfr?ax
benchmark scenario (which gives rise to the most conservative upper bound
on the mass of Hcl) for given values of m o and tan3), see CARENA 998
and CARENA 03.

Limits in the low-mass region of H(l), as well as other by now obsolete limits
from different techniques, have been removed from this compilation, and
can be found in earlier editions of this Review. Unless otherwise stated,
the following results assume no invisible Hcl) or A0 decays.

H‘l) (Higgs Boson) MASS LIMITS in Supersymmetric Models

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
>80.7 22 ABDALLAH 088 DLPH E_,, <209 GeV
>92.8 95 23 SCHAEL 068 LEP  E., <209 GeV
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>84.5 95 2425 ABBIENDI ~ 04M OPAL E, <209 GeV
>86.0 95 24,26 ACHARD 02H L3 Ecpm < 209 GeV, tan§ > 0.4
o o o We do not use the following data for averages, fits, limits, etc. @ o o

27 AALTONEN ~ 09AR CDF  pp — HY,/A0 + X,
B0 o

28 ABAZOV 09F DO pp— HY,/AD + b+ X,
H(1)72/A’O — rt
29 ABAZOV 08A DO pp— HY,/A0 + b+ X,
H?Q/A’O — bb
30 ABAZOV 08w DO pp — H?’z/AO + X,
H?’z/A0 — 7t
>89.7 95 2431 ABDALLAH 04 DLPH E_,, <209 GeV, tan3 > 0.4
32 ABBIENDI 036 OPAL Hﬁ) — A0 A0
>89.8 95 2433 HEISTER 02 ALEP E.p <209 GeV, tan8 > 0.5

22 ABDALLAH 088 give limits in eight CP-conserving benchmark scenarios and some CP-
violating scenarios. See paper for excluded regions for each scenario. Supersedes AB-
DALLAH 04.

23 SCHAEL 068 make a combined analysis of the LEP data. The quoted limit is for the

m}TaX scenario with m; = 174.3 GeV. In the CP-violating CPX scenario no lower bound
on m o can be set at 95% CL. See paper for excluded regions in various scenarios. See
1

Figs. 2-6 and Tabs. 14-21 for limits on o(Z H0)- B(HO — bb, 7 77) and o(H} HY)-
B(HY,HQ— bbrT77).

24 Search for eTe™ — H(1)A0 in the final states bbbb and bbrT 7, and et e™ —
Hcl)Z. Universal scalar mass of 1 TeV, SU(2) gaugino mass of 200 GeV, and u= —200

GeV are assumed, and two-loop radiative corrections incorporated. The limits hold for
m;=175 GeV, and for the m}TaX scenario.

25 ABBIENDI 04M exclude 0.7 < tan8 < 1.9, assuming m; = 174.3 GeV. Limits for other
MSSM benchmark scenarios, as well as for CP violating cases, are also given.

26 ACHARD 02H also search for the final state H) Z — 2A%qg, A9 — qg. In addition,
the MSSM parameter set in the “large-p” and “no-mixing” scenarios are examined.

27 AALTONEN 09AR search for Higgs bosons decaying to 7777 in two doublet models
in 1.8 fb— 1 of pp collisions at E.,, = 1.96 TeV. See their Fig. 2 for the limit on
o- B(H?2/AO — 71 77) for different Higgs masses, and see their Fig. 3 for the
excluded ,region in the MSSM parameter space.

28 ABAZOV 09F search for associated production of a Higgs boson and a b quark in pp
collisions at E_,, = 1.96 TeV with the decay H?’z/A0 — 7177, See their Fig. 2 for

the limit on O’-B(H](_),2/A0 — 71 77) (for different Higgs masses) and for the excluded
region in the MSSM parameter space for p = +200 GeV.

29 ABAZOV 08AJ search for associated production of a Higgs boson and a b quark in pp
collisions at Ecy = 1.96 TeV with the decay H{ ,/A? — bb. See their Tab. 3 for the
limit on o - B(H?’z/A0 —  bb) for different Higgs masses, and see their Fig. 3 for the
excluded region in the MSSM parameter space for p = +200 GeV.
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30 ABAZOV 08w search for Higgs boson production in pp collisions at E.,, = 1.96 TeV
with the decay H? 2/A0 — 7177, See their Fig. 3 for the limit on o - B(H? 2/A0 —
rt 77 ) for different Higgs masses, and see their Fig. 4 for the excluded region in the

MSSM parameter space.

31 This limit applies also in the no-mixing scenario. Furthermore, ABDALLAH 04 excludes
the range 0.54 < tan8 < 2.36. The limit improves in the region tan3 < 6 (see Fig.
28). Limits for u = 1 TeV are given in Fig. 30.

32 ABBIENDI 036 search for et e~ — HY Z followed by H) — A0A0, A0 — cz, gg,
or 7177 In the no-mixing scenario, the region myo = 45-85 GeV and m o = 2-9.5
1

GeV is excluded at 95% CL.
3HEISTER 02 excludes the range 0.7 <tanf8 < 2.3. A wider range is excluded with
different stop mixing assumptions. Updates BARATE 01cC.

AP (Pseudoscalar Higgs Boson) MASS LIMITS in Supersymmetric Models

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
>90.4 34 ABDALLAH 088 DLPH E_, <209 GeV |
>03.4 95  35SCHAEL 068 LEP  E., <209 GeV
>85.0 95 3637 ABBIENDI ~ 04M OPAL E, <209 GeV
>86.5 95 306,38 ACHARD 02H L3 Egp <209 GeV, tan8 > 0.4
>90.1 95 30,39 HEISTER 02 ALEP E, <209 GeV, tanf > 0.5
o o o We do not use the following data for averages, fits, limits, etc. e o o
40 AALTONEN ~ 09AR CDF  pp — HY,/A0 + X, |
O A0 o
41 ABAZOV 09F D0 pp— HY /A0 + b+ x, |
.
42 ABAZOV 08 D0 pp— HY /A0 + b+ X, |
H(1)72/A0 — bb
43 ABAZOV 08w DO pp — HY,/A0 + X, |
A0 o
44 ACOSTA 050 CDF pp — HY,/A0 + X
>90.4 05 3645 ABDALLAH 04 DLPH E__ <209 GeV, tanj3 > 0.4

m
46 ABBIENDI 036 OPAL H%l) — A0 A0
47T AKEROYD 02 RVUE
34 ABDALLAH 088 give limits in eight CP-conserving benchmark scenarios and some CP-
violating scenarios. See paper for excluded regions for each scenario. Supersedes AB-

DALLAH 04.
35SCHAEL 068 make a combined analysis of the LEP data. The quoted limit is for the

m}TaX scenario with m; = 174.3 GeV. In the CP-violating CPX scenario no lower bound

on m o can be set at 95% CL. See paper for excluded regions in various scenarios. See

1
Figs. 2-6 and Tabs. 14-21 for limits on o(Z HO)- B(HO — bb, 7 77) and o(H} HY)-
B(HY,H)— bb,rtr7).
36 Search for et e~ — H(1)A0 in the final states bbbb and bbrT 7, and et e™ —

H(1) Z. Universal scalar mass of 1 TeV, SU(2) gaugino mass of 200 GeV, and u= —200
GeV are assumed, and two-loop radiative corrections incorporated. The limits hold for
m;=175 GeV, and for the m}TaX scenario.
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37 ABBIENDI 04M exclude 0.7 < tan8 < 1.9, assuming m; = 174.3 GeV. Limits for other
MSSM benchmark scenarios, as well as for CP violating cases, are also given.

38 ACHARD 02H also search for the final state HCI)Z — 240 qq, A0 gq. In addition,
the MSSM parameter set in the “large-p” and “no-mixing” scenarios are examined.

39HEISTER 02 excludes the range 0.7 <tanB < 2.3. A wider range is excluded with
different stop mixing assumptions. Updates BARATE 01cC.

40 AALTONEN 09AR search for Higgs bosons decaying to 777 in two doublet models
in 1.8 fb~ 1 of pp collisions at E.,, = 1.96 TeV. See their Fig. 2 for the limit on
o- B(H£)2/A0 — 71 77) for different Higgs masses, and see their Fig. 3 for the
excluded ’region in the MSSM parameter space.

41 ABAZOV 09F search for associated production of a Higgs boson and a b quark in pp
collisions at Epy, = 1.96 TeV with the decay HY{ ,/AY — 7. See their Fig. 2 for

the limit on o B(HY ,/AQ — 7+ 77) (for different Higgs masses) and for the excluded
region in the MSSM ’parameter space for u = £200 GeV.

42 ABAZOV 08AJ search for associated production of a Higgs boson and a b quark in pp
collisions at Ecpy = 1.96 TeV with the decay HY ,/A? — bb. See their Tab. 3 for the

limit on o - B(H?Q/A0 —  bb) for different Higgs masses, and see their Fig. 3 for the
excluded region in the MSSM parameter space for p = +200 GeV.

43 ABAZOV 08w search for Higgs boson production in pp collisions at E.,, = 1.96 TeV
with the decay H?’z/A0 — 7177, See their Fig. 3 for the limit on o - B(H?Q/A0 —
rt 77 ) for different Higgs masses, and see their Fig. 4 for the excluded region in the
MSSM parameter space.

44 ACOSTA 05Q search for H(1)’2/AO production in pp collisions at E., = 1.8 TeV with

H? 2/AO — 7t At mao = 100 GeV, the obtained cross section upper limit is
above theoretical expectation.

45 This limit applies also in the no-mixing scenario. Furthermore, ABDALLAH 04 excludes
the range 0.54 < tanB < 2.36. The limit improves in the region tan3 < 6 (see Fig.
28). Limits for u = 1 TeV are given in Fig. 30.

40 ABBIENDI 036 search for et e~ — H{ Z followed by HY — A0AQ, A0 — ¢z, g¢,

or 7T 77, In the no-mixing scenario, the region m o = 45-85 GeV and m ;5 = 2-9.5

1
GeV is excluded at 95% CL.
47 AKEROYD 02 examine the possibility of a light A with tan3 <1. Electroweak mea-
surements are found to be inconsistent with such a scenario.

H A

HO (Higgs Boson) MASS LIMITS in Extended Higgs Models

This Section covers models which do not fit into either the Standard Model or its
simplest minimal Supersymmetric extension (MSSM), leading to anomalous production
rates, or nonstandard final states and branching ratios. In particular, this Section covers
limits which may apply to generic two-Higgs-doublet models (2HDM), or to special
regions of the MSSM parameter space where decays to invisible particles or to photon
pairs are dominant (see the Note on ‘Searches for Higgs Bosons' at the beginning of
this Chapter). See the footnotes or the comment lines for details on the nature of the
models to which the limits apply.

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
o o ¢ We do not use the following data for averages, fits, limits, etc. e o o
>108.2 95 48 ABBIENDI 10 OPAL invisible HO

49 ABBIENDI 10 OPAL HO — ;((1);(8
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>106 95 50 AALTONEN  09AB CDF  HO — 4+
51 AALTONEN  09AR CDF  pp — H9,/A0 + X,

HY 5 /A0 —

>101 95 52 ABAZOV 00Q DO HO — 4~
53 ABAZOV 09v DO HO . A0 A0
54 AUBERT 09p BABR T(3S) — A0y
55 AUBERT 09z BABR 7T(25) — A0y
56 AUBERT 09z BABR T(3S) — AQy
57 ABAZOV 08U DO HO — ~~y
58 LOVE 08 CLEO 7(1S) — A0y
59 ABBIENDI 07 OPAL invisible HO, large width
60 BESSON 07 CLEO T(1S) — np~
>105.8 95 61 SCHAEL 07 ALEP ete~ — HOZ HO _,
A%
none 1-55 95 62 ABBIENDI  05A OPAL H‘l’, Type Il model
none 3-63 95 62 ABBIENDI  05a OPAL AY, Type Il model
>110.6 95 63 ABDALLAH 050 DLPH HO — 2 jets
>112.3 95 64 ACHARD 05 L3 invisible HO
>104 95 65 ABBIENDI 04k OPAL HO — 2 jets
66 ABDALLAH 04 DLPH HOV V couplings
>112.1 95 64 ABDALLAH 048 DLPH Invisible HO
>104.1 95 07,68 ABDALLAH 04L DLPH ete™ — HOZ HO — 4

69 ABDALLAH 040 DLPH Z — ffH

70 ABDALLAH 040 DLPH ete™ — HOZ HOAO
>110.3 95 71 ACHARD 048 L3 HO — 2 jets

72 ACHARD 04F L3 Anomalous coupling

73 ABBIENDI  03F OPAL ete™ — HOZ HO — any

74 ABBIENDI 036 OPAL H(1) — A040

>107 95 75 ACHARD 03c L3 HO — ww* zz* vy
76 ABBIENDI 020 OPAL ete™ — bbH
>105.5 95 67,77 ABBIENDI  02F OPAL HO — ~~
>105.4 95 78 ACHARD 02¢c L3 Halj — 4y
>114.1 95 64 HEISTER 02 ALEP Invisible HO, E ., <209 GeV
>105.4 95 67,79 HEISTER 02L ALEP HO — ~~
>109.1 95 80 HEISTER 02M ALEP Haj — 2jetsor 7t 7™
none 1-44 95 81 ABBIENDI ~ 01E OPAL HY, Type-Il model
none 12-56 95 81 ABBIENDI 01 OPAL A&, Type-1l model
> 98 95 82 AFFOLDER  01H CDF pp— HO W/z, HO — ~~
>106.4 95 64 BARATE 01C ALEP Invisible HO, E_,, < 202 GeV
> 89.2 95 83 ACCIARRI ooM L3 Invisible HO
84 ACCIARRI  00R L3 ete™ — HY% and/or HO —
85 ACCIARRI 00R L3 e+zz — ete  HO
> 94.9 95 86 ACCIARRI 005 L3 ete™ — HOZ HO — 4
>100.7 95 87 BARATE 00L ALEP ete™ — HOZ HO — 4
> 68.0 95 88 ABBIENDI 99 OPAL tanj3 > 1
> 96.2 95 89 ABBIENDI 990 OPAL ete™ — HOZ HO — -4
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> 785 95 90 ABBOTT 998 DO pp— HOW/Z HO — ~4
91 ABREU 99p DLPH ete™ — HY5 and/or HO —
vy

92 GONZALEZ-G..988 RVUE Anomalous coupling
93 KRAWCZYK 97 RVUE (g-2),

94 ALEXANDER 96H OPAL Z — HO»

95 ABREU 95H DLPH Z — HOZz* HOA0
96 piCcH 92 RVUE Very light Higgs

48 ABBIENDI 10 earch for et e~ — HO Z with HO decaying invisibly. The limit assumes
SM production cross section and B(H0 — invisible) = 1.
49 ABBIENDI 10 search for et e™ — ZHO with the decay chain HO — X939, XJ —

112
)?(1) + (v or Z*), when )?(1) and )?8 are nearly degenerate. For a mass difference of 2 (4)

GeV, a lower limit on m ;o of 108.4 (107.0) GeV (95% CL) is obtained for SM ZHO
cross section and B(H0 — ;((1) )?8) =1

50 AALTONEN 0948 search for HO — ~~ in 3.0 fb~1 of pp collisions at E,, = 1.96 TeV
in the mass range myo = 70-150 GeV. Associated HO W, HO 7 production and W W,
Z Z fusion are considered. The limit assumes that all fermion Yukawa couplings vanish.

51 AALTONEN 09AR search for Higgs bosons decaying to 7T 77 in two doublet models
in 1.8 fb— 1 of pp collisions at E.,, = 1.96 TeV. See their Fig. 2 for the limit on
o B(HY,/A0 — F77) for different Higgs masses, and see their Fig. 3 for the

excluded region in the MSSM parameter space.

52 ABAZOV 09Q search for HO — ~~ in 2.7 fo~1 of pp collisions at E,,, = 1.96 TeV
in the mass range myo = 100-150 GeV. The limit assumes that all fermion Yukawa

couplings vanish.

53 ABAZOV 09V search for HO production followed by the decay chain HO — A0A0
pt =t p= or ptu= 777 in 4.2 =1 of pp collisions at E.pp, = 1.96 TeV. See
their Fig. 3 for limits on o(H0)-B(HO — A0 AD) for m ;o = 3.6-19 GeV.

54 AUBERT 09P search for the process 7(3S) — A9y with A0 — 17— for 4.03
< mye < 9.52 and 9.61 < mu < 10.10 GeV, and give limits on B(7T(3S) —
A0~).B(A0 — 71 77) in the range (1.5-16) x 10> (90% CL).

55 AUBERT 097 search for the process T(25) — A9~ with AO — put 4~ for 0.212 <
m 4o < 9.3 GeV and give limits on B(7(2S) — Aofy)-B(A0 — pt ) in the range
(0.3-8) x 10~ (90% CL).

56 AUBERT 097 search for the process T(3S) — A0~ with AQ — ptpu~ for 0.212 <
m 4o < 9.3 GeV and give limits on B(7'(35) — A%4)-B(A® — T ™) in the range
(0.3-5) x 10~ (90% CL).

57 ABAZOV 08U search for HO — ~~ in pp collisions at E,, = 1.96 TeV in the mass
range m o = 70-150 GeV. Associated HO W, HO Z production and W W, Z Z fusion

are considered. See their Tab. 1 for the limit on o - B(H0 — v7), and see their Fig. 3

for the excluded region in the m, g — B(H0 — ~7) plane.

H

58 LOVE 08 search for the process T(1S) — AOy with A — it~ (for m o < 2m.)
and AO = 7F 77 Limits on B(T(1S) — A%4) - B(AQ — ¢1¢7) in the range
10~0-10—4 (90% CL) are given.

59 ABBIENDI 07 search for et e~ — HO Z with Z — gq and HO decaying to invisible final

states. The HO width is varied between 1 GeV and 3 TeV. A limit o-B(HO — invisible)
< (0.07-0.57) pb (95%CL) is obtained at E_, = 206 GeV for m o = 60-114 GeV.
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60 BESSON 07 give a limit B(T(1S) — mp7) - B(np — 71 77) < 0.27% (95% CL),
which constrains a possible A0 exchange contribution to the 7, decay.

61 SCHAEL 07 search for Higgs bosons in association with a fermion pair and decaying to
W W*. The limit is from this search and HEISTER 02L for a HO with SM production
cross section and B(HO — £7) = 0 for all fermions .

62 ABBIENDI 05A search for eT e~ — Hcl) AQ in general Type-ll two-doublet models, with
decays H}, AO — qq, gg, 7777, and H — A0A0.

63 ABDALLAH 05D search for et e~ — HOZ and HO A0 with HO, AQ decaying to two
jets of any flavor including gg. The limit is for SM HO z production cross section with
B(HO — jj)=1.

64 Search for et e~ — HO Z with HO decaying invisibly. The limit assumes SM production
cross section and B(H0 — invisible) = 1.

65 ABBIENDI 04K search for et e~ — HOZ with HO decaying to two jets of any flavor
including gg. The limit is for SM production cross section with B(H0 — jj)=1

66 ABDALLAH 04 consider the full combined LEP and LEP2 datasets to set limits on the
Higgs coupling to W or Z bosons, assuming SM decays of the Higgs. Results in Fig. 26.

67 Search for associated production of a -~ resonance with a Z boson, followed by Z —
qq, 0T 0= orvp, at Ecm <209 GeV. The limit is for a HO with SM production cross
section and B(HO — fF)=0 for all fermions .

68 Updates ABREU O1F.

69 ABDALLAH 040 search for Z — bbHO, bbA?, ++ 77 HO and 7+ 7= AQ in the final
states 4b, bbTt 77, and 47. See paper for limits on Yukawa couplings.

70 ABDALLAH 040 search for et e™ — HOZ and HO A0, with HO, AQ decaying to bb,
=, or HO — A0 AD 4t E.m = 189-208 GeV. See paper for limits on couplings.
71 ACHARD 048 search for eT e~ — HO Z with HO decaying to bb, T, or gg. The limit

is for SM production cross section with B(H0 — jj)=1

72 ACHARD 04F search for HO with anomalous coupling to gauge boson pairs in the pro-
cesses et e™ — HO'y, ete™ HO, HOZ with decays H0 — ff, vy, Z~, and W* W
at E.,, = 189-209 GeV. See paper for limits.

73 ABBIENDI 03F search for HO — anything in et e~ — HOYZ, using the recoil mass
spectrum of Z — ete  or ,u"",u_. In addition, it searched for Z — v7 and HO —

ete  or photons. Scenarios with large width or continuum HO mass distribution are
considered. See their Figs. 11-14 for the results.

74 ABBIENDI 036 search for et e~ — HY Z followed by H) — A0A0, A0 — ¢z, gg,
or 7177 in the region m o = 45-86 GeV and mao = 2-11 GeV. See their Fig. 7 for
1
the limits.
75 ACHARD 03C search for eT e~ — ZHO followed by HO — W W* or ZZ* at E ;=

200-209 GeV and combine with the ACHARD 02C result. The limit is for a HO with
SM production cross section and B(H0 — ff) =0 forall f. For B(H0 — WW*) +

B(H0 — ZZ*) =1, mo > 108.1 GeV is obtained. See fig. 6 for the limits under
different BR assumptions.

76 ABBIENDI 020 search for Z — bbHY and bbAD with HY /A0 — 7F 7= in the range
4<mp <12 GeV. See their Fig. 8 for limits on the Yukawa coupling.

TFor B(HO — ~~)=1, m o >117 GeV is obtained.
78 ACHARD 02C search for associated production of a ~+ resonance with a Z boson,
followed by Z — qT7, A =, orvy, at B, <209 GeV. The limit is for a HO with SM

production cross section and B(H0 — ff)=0 for all fermions f. For B(H0 — yv)=1,
m g0 >114 GeV is obtained.
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For B(HO — ~~)=1, m o > 113.1 GeV is obtained.

80 HEISTER 02M search for eTe™ — HO Z, assuming that HO decays to q4q, gg, or
T only. The limit assumes SM production cross section.

81 ABBIENDI 01E search for neutral Higgs bosons in general Type-ll two-doublet models,
at E, < 189 GeV. In addition to usual final states, the decays HO, A0 qq, gg are
searched for. See their Figs. 15,16 for excluded regions.

82 AFFOLDER 01H search for associated production of a =~y resonance and a W or Z
(tagged by two jets, an isolated lepton, or missing E7). The limit assumes Standard
Model values for the production cross section and for the couplings of the HO to W and
Z bosons. See their Fig. 11 for limits with B(H0 — yy)< L.

83 ACCIARRI 00M search for ete™ —  ZHO with HO decaying invisibly at

E ;;=183-189 GeV. The limit assumes SM production cross section and B(H0 — in-

visible)=1. See their Fig. 6 for limits for smaller branching ratios.

84 ACCIARRI O0R search for et e= — HO~ with HO — bb, Z+, or v7. See their Fig. 3
for limits on o - B. Explicit limits within an effective interaction framework are also given,
for which the Standard Model Higgs search results are used in addition.

85 ACCIARRI O0R search for the two-photon type processes eTe™ — ete™ HO with
HO — bbor ~7. See their Fig. 4 for limits on F(H0 — fy'y)-B(HO — ~~or bb) for
m0=70-170 GeV.

86 ACCIARRI 005 search for associated production of a v resonance with a qq, v7,
or £ ¢~ pair in eT e collisions at E,,= 189 GeV. The limit is for a HO with SM
production cross section and B(H0 — ff)=0 for all fermions f. For B(H0 — vv)=1,
myo > 98 GeV is obtained. See their Fig.5 for limits on B(H — ~7)-oc(eTe™ —
Hff)/o(eT e~ — HFF) (SM).

87 BARATE 00L search for associated production of a v~ resonance with a qq, vV, or
¢t 0~ pairin et e collisions at E.,= 88-202 GeV. The limit is for a HO with SM
production cross section and B(H0 — ff)=0 for all fermions f. For B(H0 — yv)=1,
m o > 109 GeV is obtained. See their Fig.3 for limits on B(H — ~7)o(ete™ —
Hff)/o(et e — HFF) (SM).

88 ABBIENDI 99€ search for et e~ — HOAQ and HOZ at E_,, = 183 GeV. The limit is
with mpy=m 4 in general two Higgs-doublet models. See their Fig. 18 for the exclusion
limit in the mpy—m 4 plane. Updates the results of ACKERSTAFF 98s.

89 ABBIENDI 990 search for associated production of a v~ resonance with a qq, v7, or
¢t ¢~ pair in et e~ collisions at 189 GeV. The limit is for a HO with SM production
cross section and B(H0 —  ff)=0, for all fermionsf. See their Fig. 4 for limits on
olete™ — HO ZO)><B(H0 — fy'y)xB(XO — ff) for various masses. Updates the
results of ACKERSTAFF 98Y.

90 ABBOTT 998 search for associated production of a - resonance and a dijet pair.
The limit assumes Standard Model values for the production cross section and for the

couplings of the HO to W and Z bosons. Limits in the range of a(H0 +Z/W)-B(HO —
~v)= 0.80-0.34 pb are obtained in the mass range myo= 65—-150 GeV.

91 ABREU 99P search for et e~ — HO~ with HO — bbor vv, and eT e~ — HOqgq
with HO — y7y. See their Fig. 4 for limits on oxB. Explicit limits within an effective
interaction framework are also given.

92 GONZALEZ-GARCIA 98B use D@ limit for v~ events with missing E in pp collisions
(ABBOTT 98) to constrain possible ZH or W H production followed by unconventional
H — ~+ decay which is induced by higher-dimensional operators. See their Figs. 1 and 2
for limits on the anomalous couplings.

93 KRAWCZYK 97 analyse the muon anomalous magnetic moment in a two-doublet Higgs

model (with type Il Yukawa couplings) assuming no H(l)ZZ coupling and obtain m o pe
1
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5 GeV or m Ao 2 5 GeV for tan3 > 50. Other Higgs bosons are assumed to be much
heavier.

94 ALEXANDER 96H give B(Z — HO4)xB(HO — qg) < 1-4 x 10~ (95%CL) and
B(Z — HO9)xB(H® — bb) < 0.7-2 x 107> (95%CL) in the range 20 <m, 5 <80
GeV.

95 See Fig. 4 of ABREU 95H for the excluded region in the myo = M uo plane for general
two-doublet models. For tan3 >1, the region mH0+mA0 <87 GeV, m <47 GeV is

excluded at 95% CL.
PICH 92 analyse HO with m 0 <2mM in general two-doublet models. Excluded regions

in the space of mass-mixing angles from LEP, beam dump, and 7r:|:, n rare decays are
shown in Figs. 3,4. The considered mass region is not totally excluded.

H* (Charged Higgs) MASS LIMITS
Unless otherwise stated, the limits below assume B(HT — 71T 0v)4+B(HT — ¢3)=1,
and hold for all values of B(HT — 71 v;), and assume H7T weak isospin of T3=+1/2.

In the following, tan/3 is the ratio of the two vacuum expectation values in two-doublet
models (2HDM).

HO

The limits are also applicable to point-like technipions. For a discussion of technipar-
ticles, see the Review of Dynamical Electroweak Symmetry Breaking in this Review.

For limits obtained in hadronic collisions before the observation of the top quark, and
based on the top mass values inconsistent with the current measurements, see the
1996 (Physical Review D54 1 (1996)) Edition of this Review.

Searches in et e™ collisions at and above the Z pole have conclusively ruled out the
existence of a charged Higgs in the region myy < 45 GeV, and are now superseded

by the most recent searches in higher energy et e collisions at LEP. Results by now
obsolete are therefore not included in this compilation, and can be found in the previous
Edition (The European Physical Journal C15 1 (2000)) of this Review.

In the following, and unless otherwise stated, results from the LEP experiments
(ALEPH, DELPHI, L3, and OPAL) are assumed to derive from the study of the
ete™ - HTH™ process. Limits from b — s~ decays are usually stronger in
generic 2HDM models than in Supersymmetric models.

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

> 74.4 95 ABDALLAH 041 DLPH E,, <209 GeV
> 76.5 95 ACHARD 03E L3  E.p <209 GeV
> 79.3 95 HEISTER ~ 02P ALEP E, <209 GeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

97 AALTONEN 09A) CDF  t — bHT

98 ABAZOV 09AC DO t — bHT
99 ABAZOV 09AG DO t — bHT
100 ABazOV 09AI DO t — bHT
101 ApazOV 09 DO HT — b
102 ABULENCIA 06 CDF t— bHT
> 92.0 95 ABBIENDI 04 OPAL B(rv) =1
> 76.7 o5 103 ABDALLAH 041 DLPH Typel
104 ABBIENDI 03 OPAL 7 — ubv, eDv
105 ABazOV 028 DO t — bHT, H— v

106 BORZUMATI 02 RVUE
107 ABBIENDI  01@ OPAL B — 71X
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108 gARATE 01 ALEP B — Tu_
>315 99  109GAMBINO 01 RVUE b — sy

110 AFFOLDER 001 CDF t— bHT, H— Tv
> 59.5 95 ABBIENDI ~ 998 OPAL E, <183 GeV

111 ABBOTT 99 DO t — bHT

112 ACKERSTAFF 990 OPAL 7 — evv, pvv

I3 ACCIARRI  97F L3 B — 7u,

114 AMMAR 978 CLEO 7 — pvv

115 COARASA 97 RVUE B — 7u,.X

116 GUCHAIT 97 RVUE t— bHT, H— 7v

117 MANGANO 97 RVUE By — 7,

118 sTAHL 97 RVUE 7 — puvv
>244 95  119a1LAM 95 CLE2 b— sy
120 ByskuLIC 95 ALEP b — 7u. X

97 AALTONEN 09AJ search for t — bH1, HT — ¢35 in tT events in 2.2 b~ L of pp
collisions at E,,, = 1.96 TeV. Upper limits on B(t — bHT) between 0.08 and 0.32
(95% CL) are given for m,,, = 60-150 GeV and B(HT — ¢5) =1.

98 ABAZOV 09AC search for t — bHT, Ht — 7T v in tT events in 0.9 fb— 1 of pP
collisions at E,,, = 1.96 TeV. Upper limits on B(t — bHT) between 0.19 and 0.25
(95% CL) are given for m ,, = 80-155 GeV and B(Ht — 71 1) = 1. See their Fig. 4
for an excluded region in a MSSM scenario.

99 ABAZOV 09AG measure tT cross sections in final states with ¢ + jets (£ = e, pn), L4,
and 72 in 1 fb~ 1 of pp collisions at E.,, = 1.96 TeV, which constrains possible t —
bH1 branching fractions. Upper limits (95% CL) on B(t — bH+) between 0.15 and
0.40 (0.48 and 0.57) are given for B(HT — 7Tv) =1 (B(HT — ¢3)=1) for m
= 80-155 GeV.

100 ABAZOV 09I search for t — bH7T in tT eventsin 1 fb~1 of pp collisions at Ep, =
1.96 TeV. Final states with £ + jets (¢ = e, u), ££, and 7£ are examined. Upper limits on

B(t — bHT) (95% CL) between 0.15 and 0.19 (0.19 and 0.22) are given for B(HT —
TTv) =1 (B(HT — ¢5) =1) for m,, = 80-155 GeV. For B(HT — 7Tv) =1
also a simultaneous extraction of B(t — bH™) and the t7 cross section is performed,
yielding a limit on B(t — bHT) between 0.12 and 0.26 for m . = 80-155 GeV. See
their Figs. 5-8 for excluded regions in several MSSM scenarios.

101 ABAZOV 09P search for HT production by qﬁ’ annihilation followed by Ht — tb
decay in 0.9 fb—1 of pp collisions at E_,,, = 1.96 TeV. Cross section limits in several
two-doublet models are given for m . = 180-300 GeV. A region with 20 < tanf S
70 is excluded (95% CL) for 180 GeV S myy < 184 GeV in type-1 models.

102 ABULENCIA 06E search for associated HO W production in pp collisions at E_,, = 1.96
TeV. A fit is made for tt production processes in dilepton, lepton + jets, and lepton + 7
final states, with the decays t — W1 band t — H71 b followed by H — 71, c5,

t*b, or W+ HO. Within the MSSM the search is sensitive to the region tan3 < 1 or
> 30 in the mass range myy = 80-160 GeV. See Fig. 2 for the excluded region in a

H+

certain MSSM scenario.
03 ABDALLAH 041 search for et e= — HT H™ with HE decaying to 7v, cs, or W* A0
in Type-l two-Higgs-doublet models.

104 ABBIENDI 03 give a limit m, . > 1.28tanB GeV (95%CL) in Typell two-doublet
models.
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105 ABAZOV 028 search for a charged Higgs boson in top decays with Ht — 7Fu at
E.n=1.8 TeV. For my =75 GeV, the region tang3 > 32.0 is excluded at 95%CL. The

excluded mass region extends to over 140 GeV for tan( values above 100.

106 BORZUMATI 02 point out that the decay modes such as bbW, A9 W, and supersym-
metric ones can have substantial branching fractions in the mass range explored at LEP Il
and Tevatron.

107 ABBIENDI 01Q give a limit tanB/m, . < 0.53 GeV—1 (95%CL) in Type Il two-doublet

models.

108 BARATE 01E give a limit tan3/m . < 0.40 GeV~1 (90% CL) in Typell two-doublet
models. An independent measurement of B — 7v,_X gives tanﬁ/mHJr <0.49 Gev—1
(90% CL).

109 GAMBINO 01 use the world average data in the summer of 2001 B(b— sv)=(3.23+
0.42) x 10~%. The limit applies for Type-Il two-doublet models.

110 AFFOLDER 001 search for a charged Higgs boson in top decays with HT — 7T in
pp collisions at E_,=1.8 TeV. The excluded mass region extends to over 120 GeV for
tan3 values above 100 and B(rv)=1. If B(t — bHT) > 0.6, m . up to 160 GeV is
excluded. Updates ABE 97L.

111 ABBOTT 99E search for a charged Higgs boson in top decays in pp collisions at E_,=1.8
TeV, by comparing the observed tt cross section (extracted from the data assuming the

dominant decay t — bW+) with theoretical expectation. The search is sensitive to
regions of the domains tan3 < 1, 50 <mH+(GeV) < 120 and tangB 2 40, 50 <m,
(GeV) < 160. See Fig. 3 for the details of the excluded region.

112 ACKERSTAFF 99D measure the Michel parameters p, £, 1, and &9 in leptonic T decays
from Z — 77. Assuming e-u universality, the limit myy > 0.97 tan3 GeV (95%CL)
is obtained for two-doublet models in which only one doublet couples to leptons.

113 ACCIARRI 97F give a limit m,, > 2.6 tan3 GeV (90% CL) from their limit on the
exclusive B — 7v,_ branching ratio.

114 AMMAR 978 measure the Michel parameter p from 7 — evv decays and assumes e/p

universality to extract the Michel 1 parameter from 7 — pvv decays. The measurement
is translated to a lower limit on my in a two-doublet model my > 0.97 tang GeV

(90% CL).

115 COARASA 97 reanalyzed the constraint on the (mHi,tanﬁ) plane derived from the
inclusive B — 7v_X branching ratio in GROSSMAN 958 and BUSKULIC 95. They
show that the constraint is quite sensitive to supersymmetric one-loop effects.

116 GUCHAIT 97 studies the constraints on my . set by Tevatron data on /7 final states in
tt — (Wb)(Hb), W — fv, H— 7uv_. See Fig. 2 for the excluded region.

117 MANGANO 97 reconsiders the limit in ACCIARRI 97F including the effect of the poten-
tially large B, — Tuv,_ background to B,, — T, decays. Stronger limits are obtained.

118 STAHL 97 fit T lifetime, leptonic branching ratios, and the Michel parameters and derive
limit m . > 1.5 tanf GeV (90% CL) for a two-doublet model. See also STAHL 94.

119 ALAM 95 measure the inclusive b — s+ branching ratio at 7(4S) and give B(b —
sv)< 4.2 x 104 (95% CL), which translates to the limit mp >[244 + 63/(tan6)1'3]

GeV in the Type Il two-doublet model. Light supersymmetric particles can invalidate this
bound.
120 gysKULIC 95 give a limit my > 1.9 tanf8 GeV (90% CL) for Type-ll models from

b — 7v_ X branching ratio, as proposed in GROSSMAN 94.
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——— MASS LIMITS for H¥% (doubly-charged Higgs boson) ————

This section covers searches for a doubly-charged Higgs boson with cou-
plings to lepton pairs. Its weak isospin T3 is thus restricted to two possibil-
ities depending on lepton chiralities: T3(H:l:t) = %1, with the coupling
ggp to ] £ and €50 (“left-handed”) and T3(HEE) = 0, with the
coupling to (g ¢y and £ ¢/" (“right-handed”). These Higgs bosons
appear in some left-right symmetric models based on the gauge group
SU(2)1,xSU(2) pxU(1). These two cases are listed separately in the fol-

lowing. Unless noted, one of the lepton flavor combinations is assumed to
be dominant in the decay.

LIMITS for H** with T3 = +1

VALUE CL% DOCUMENT ID TECN COMMENT

>114 95 121 AALTONEN 08AA CDF et

>112 95 121 AALTONEN  08AA CDF  pur

>150 95 122 ApazoOvV 08v DO  pupu

>136 95 123 AcosTA 046 CDF  ppu

> 98.1 905 124 ABDALLAH 03 DLPH 77

> 99.0 95 125 ABBIENDI  02c OPAL 77

e o o We do not use the following data for averages, fits, limits, etc. e o o
126 AKTAS 06A H1  single HtT

>133 95 127 AcosTA 05. CDF stable

>118.4 95 128 ApazoOvV 04E DO ppu

129 ABBIENDI  03Q OPAL E,, < 209 GeV, single HE=+
130 GORDEEV 97 SPEC muonium conversion

131 AsAKA 95 THEO
> 45.6 95 132 acTON 92M OPAL
> 30.4 95 133 ACTON 92M OPAL
none 6.5-36.6 05 134 SWARTZ 90 MRK2

121 AALTONEN 08AA search for HH+ H~~ production in pp collisions at E.y,= 1.96 TeV.
The limit assumes 100% branching ratio to the specified final state.

122 ABAZOV 08V search for HT+ H~~ production in pp collisions at E.,= 1.96 TeV.
The limit is for B(H — pup) = 1.

123 ACOSTA 046G search for HT H~ = pair production in pp collisions with muon and
electron final states.The limit holds for pu. For ee and ep modes, the limits are 133
and 115 GeV, respectively. The limits are valid for & p > 102,

124 ABDALLAH 03 search for HT+ H~— pair production either followed by Ht+ —
Tt or decaying outside the detector.

125 ABBIENDI 02C searches for pair production of HT 1T H== with H=+ — ¢+ (0,¢/
= e,;t,7). The limit holds for /=¢'=7, and becomes stronger for other combinations of
leptonic final states. To ensure the decay within the detector, the limit only applies for
g(Hee) 2 107,

126 AKTAS 06A search for single HEE production in ep collisions at HERA. Assuming
that HT only couples to e T with Bep = 0.3 (electromagnetic strength), a limit

my i > 141 GeV (95% CL) is derived. For the case where HT 1 couples to e only
the limit is 112 GeV.

127 ACOSTA 05L search for HT H~~ pair production in pp collisions. The limit is valid
for 8y < 10~8 so that the Higgs decays outside the detector.
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128 ABAZOV 04E search for Ht+ H—— pair production in HEE ,u:l: ui. The limit is
valid for &up P 10— 7.

129 ABBIENDI 03Q searches for single HTT via direct production in ete™ — eFeTF H:tj:,
and via t-channel exchange in et e — ete . In the direct case, and assuming
B(HEE — ¢£4%) = 1,2 95% CL limit on hy, < 0.071is set for m 1y < 160 GeV
(see Fig. 6). In the second case, indirect limits on h,, are set for myy <2TeV (see
Fig. 8).

130 GORDEEV 97 search for muonium-antimuonium conversion and find GMW/GF < 0.14
(90% CL), where GMW is the lepton-flavor violating effective four-fermion coupling.

H++ > 210 GeV if the Yukawa couplings of HT+

to ee and pp are as large as the weak gauge coupling. For similar limits on muonium-
antimuonium conversion, see the muon Particle Listings.

131 ASAKA 95 point out that Ht+ decays dominantly to four fermions in a large region of
parameter space where the limit of ACTON 92M from the search of dilepton modes does
not apply.

132 ACTON 92M limit assumes HEE — ¢E¢E or HEE does not decay in the detector.
Thus the region gy, ~ 10~ is not excluded.

133 ACTON 92Mm from Al <40 MeV.

134 SWARTZ 90 assume HTE — ¢ ¢+ (any flavor). The limits are valid for the Higgs-

lepton coupling g(H¢£) 2 7.4 x 10_7/[mH/GeV]1/2. The limits improve somewhat
for ee and pp decay modes.

LIMITS for Ht% with T3 =0

This limit may be converted to m

VALUE CL% DOCUMENT ID TECN COMMENT

>127 95  135aBAZOV 08v DO  puu

>113 95 136 AcOSTA 046 CDF  ppu

> 97.3 905 137 ABDALLAH 03 DLPH 77

> 97.3 95 138 ACHARD 03F L3 T

> 98.5 95 139 ABBIENDI 02c OPAL 77

o o o We do not use the following data for averages, fits, limits, etc. @ o o
140 AkTAS 06A H1  single HE+

>109 95 141 AcosTA 05 CDF  stable

> 98.2 95 142 ApazoOv 04E DO  ppu

143 ABBIENDI ~ 03Q OPAL E, < 209 GeV, single HE+
144 GORDEEV 97 SPEC muonium conversion

> 45.6 05 145 ACTON 92M OPAL
> 255 95 146 ACTON 92M OPAL
none 7.3-34.3 95 147 SWARTZ 90 MRK2

135 ABAZOV 08V search for HT+ H~~ production in pp collisions at E.,= 1.96 TeV.
The limit is for B(H — pup) = 1.

136 ACOSTA 046G search for HT H~ = pair production in pp collisions with muon and
electron final states. The limit holds for ppu.

137 ABDALLAH 03 search for HT+ H== pair production either followed by Ht+ —
Tt or decaying outside the detector.

138 ACHARD 03F search for eT e~ — HTTH™= with HEE — (= ¢+ The limit holds
for ¢ = ¢/ = 7, and slightly different limits apply for other flavor combinations. The limit
is valid for g,,, 2 10— 7.

139 ABBIENDI 02C searches for pair production of HTT H™~, with HEE g E (e
= e,ut, 7). the limit holds for /=¢'=7, and becomes stronger for other combinations of
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leptonic final states. To ensure the decay within the detector, the limit only applies for
g(Hee) 210~ 7.

140 AKTAS 06A search for single HE+E production in ep collisions at HERA. Assuming
that HT only couples to e T with Bep = 0.3 (electromagnetic strength), a limit

my g > 141 GeV (95% CL) is derived. For the case where HT 1 couples to et only

the limit is 112 GeV.
141 ACOSTA 05L search for HT 1+ H=— pair production in pp collisions. The limit is valid

for 8oy < 10~8 so that the Higgs decays outside the detector.

142 ABAZOV 04E search for HT 1 H™~ pair production in H¥E — p* 4F. The limit is
valid for g, , 2 1077,

143 ABBIENDI 03Q searches for single HTT via direct production in ete™ — eFeTF H:H:,
and via t-channel exchange in et e — ete . In the direct case, and assuming
B(HEE — ¢£4%) = 1,2 95% CL limit on hy, < 0.071is set for m 1, < 160 GeV
(see Fig. 6). In the second case, indirect limits on h,, are set for myy <2TeV (see
Fig. 8).

144 GORDEEV 97 search for muonium-antimuonium conversion and find GMW/GF < 0.14
(90% CL), where GMW is the lepton-flavor violating effective four-fermion coupling.
This limit may be converted to myy > 210 GeV if the Yukawa couplings of Htt

to ee and pp are as large as the weak gauge coupling. For similar limits on muonium-
antimuonium conversion, see the muon Particle Listings.

145 ACTON 92M limit assumes HEE — ¢ ¢E or HEE does not decay in the detector.
Thus the region gy, ~ 10~ 7 is not excluded.

146 ACTON 92M from Al <40 MeV.

147 SWARTZ 90 assume HEE — ¢E ¢~ (any flavor). The limits are valid for the Higgs-

lepton coupling g(H£¢) 2 7.4 x 10_7/[mH/GeV]1/2. The limits improve somewhat
for ee and pp decay modes.
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