
I a 


'.l 

\; 
1 

\)c 
CJ--.. 

-.J 
c;[ 
~ 

\ 

('(\) 

\:i­
j ­

~ 
-... 
~ 
C) 

Cl 

, ·0-

Higgs Searches at LEP2 : 

Present and Future 

Fran~ois RICHARD 

Laboratoire de L'Accelerateur Lineaire 
IN2P3-CNRS et UI/;versite de Paris-Sud. F-91405 Orsay 

APR 19~8 

II/pited talk at tlte Illternational Wnrblwp 011 PItYSiC.f 
Rewmd the Stalldard Model: fmm Theory In EXI'erimellt 

. Valencia. SI'a;". Oc/nhrr 13-/7, 1997 

Institut Nal ionalU.E.R 
de Physique Nucleaire .

de et 
I' Universite Paris -Sud de Physique des Parlicule$ 

Batiment 200 - 91405 ORSAY Cede x 



LA" 98-04 ~ 
February 1998 

HIGGS SEARCHES AT LEP2 PR.ESENT AND FUTURE 

F, Hiclial'(\ 
{,ubom'ni,¥, d!' 1'/lr'r'(:lr~m't'I'" /,in"n;,-e, INfl{',,'J·(:Nns 


,., I'n;"r" ,_.i'r: rtf l'nt'j,4.S"rI, F·.9! ,f05 O,'_ony r:('tif'T, Pmnrf' 


I'I'ogpr"'I;s of lI;gg~ di~covcry a.t LF.P2 are di~clI~Rf'd in t.h .. f.-am"work of MSSM, 
R"slIlt,R <o"tained ill 1 Hfl6 on hZ, hi\ ami H+ H - are interpreted in the MSSM frame· 
work and in ~orne possibl.. f'xtensions, Pr.. liminary rp.Rults of 1997 ar,. indicated, 
R~t.iml\l, .." for 1\ di~r;ovf'ry aI, 200 n"V .. n"rgy arp. disrll5s"d, 

1 Illtro(111l:tion 

LEI' hilS r,,~dlf'd a crllcia.1 ('Iwr~y domain ror sf"ill'dling t,h(' I Iigg::; boson wit.hin 
"II pr'l'f'~' 1111111'Iry, Tlw rtI i11 i1ll,,1 ::;11 pNs}'nll ndrir; "XI,('IISinll I)f I,h" SI,(l.lldal'n Modf'! 
(SM). known as MSSM , IHp"i",-::; :111 1Ipper limit. 011 IIIP Higgs boson nH1SS or 
1'2:; (;",V, III 'W<'l-ioll '2, I <ii::;('I1"::; illllloL'f'dpt.ail a predidiv<:' ~('pllal'io whi('h giv('s 

;111 IIPI>"1' lilllit,,..., IO:~ (;r-' V Oil I,h<:, Higgs bo::;on lJlil.~S, 

" Iliggs hosoll III ass bdow IO:l GpV Sf'elJl8 wit.hin LEI> rf'acb and, in f1p('I,ioll 
:1. I will dis.:!ls!; t.he rf'qlle::;t.f'd machilll' perforrna,llces for a nis(~ovf'ry, 

Pr(,::;I'Ilt. ::;enrchcfI, ill t.hf' SM (<llilllit,ing('ase of MSSM) ilnd ill I.he g~l]('ral 
MSSM ::;('IWI110, will 1)(> pr"sPllt.pd in sed,ion if and G, Rl'slllt.s ,HI' hased on 
pllhlisllPd dat.a from HI9f) , 

FIII,IIr(' prosppdl'l hasf'd 011 t.hp first. reslllt,s aI, IR~ C~pV >tnn Oil pxpedllt.iolls 
'lt, 2(J() <.:p\l willlw givf'1J ill sedioll (j, 

Fillally, ROIlIf:' fIl0fr> g('I'lf'ral "eardw::;. beyond MSSM, ar(' rjpscrib"d ill S,,('· 

ti"11 I. 

2 MSSM pr~(lidions 

Ollf' 11l<l,v r"I':1/l I.hal t,lw SM, "st.rict-o ::;I'IISII" (i .I" Illl Il('W physics app('ars lip 

t .. l.ill' PI~ll<'k s..,,,lf') , pl'pdid,f1 a Hip;gs boson rJli\.'lS well abm'(' LEP2 r('acll. 
SlIfwrsYIIIIIJI'I.ry. ill it.s g(,lIeral version Lhat, is allowing for morf' I.hall 2 

II iggs dOli !>Iel,s <llId/or wit,h sonw singlet$, ~ives an IlPlwr limit of ahout. l!)() (~I'V, 
TIl<' lJIillimal vprsion, caliI'd MSSM. J?;ivps a Ihni,l at. 12:' GpV. Morf' prp(~isf'\y, 
(111(', hil::; : 

J/I,,., 111 i1 LI:::I " 
/11. 2 'l7 /I., 1,;r!H!1 ( I ) 

111., 

11'11('1'(' t.iw t,op 1111'18;:: 111/ ~llr) (:"V ;lI1d whr'l'p 1I1;1,) aT(' 1./1<' st,op IlIa""(',, , 'I'll" 
lil'"t. 1,('1'111 is t,h" 1,1'('(' If'''''' I'f'slIll, til!' SI'('(lllr,1 anrl I,hil'd <1111' al'f' dill' t,n loop 
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,'nrrl'd,iOIlI>. 

Tlw ('fil.ical dp[WII<if'III'I' 'JII 1 . ;1.II/~ ('Olll('il frOIIl 1.11f' 1.1'1'1' If'vpl l.f'I'lll of formul r] 
( I). IVhi,h ('<1" 1)(' IVrif.I.C'1I : 

~·Iixillg I'ffc.ds. 1101. ('xplici('\y wril.t.l:'ll. ('all also providl' f'xt.r<l. ~ollt.riblll.iow:;. 
Thi>! u pppr lilllit. is rPildlpd wtWIl III A. t.he mass of I.hf' CP odd bosoll ". 

is ~ll)()vf' ,.IJ(' "ppl' l" hOllnd 011 III" . \Vllf'n A is /ip;ht.pl' . Ollp should cOIIsi<il'r I.IIP 

t.wo "011 I plellwllI.ary ('hallueis : 


(, +,,- ---+ 'h* ---+ h'h proporl.ional 1.0 si1l 2 (n - tJ) alld 1'+1'- ---+ 'h. ---+ h" pwpor­


I.iollal 1.0 ('o:'l:!(n - II). whf'rl' (\' is I.hf" mixing a.Ilp;I(, Iwl.ween thl' I.wo CP I'Vl'lI 


h()~olls II" and lId appearing in t.hl' t.wo dOllhlel.s (1.111' resll/t.ill!!; physi,a.1 st.al.l's 

Iwilll!; Ii alld II). 


'1'Ilf' Sl l(; 11" sdwnlf', wi I,h rna.'lR unifi cation for sfel' III iOlls and Higgs bosons . 
1(';lds 1.0 \'('I'y ddillil.1' IHf'did.ioIlR. Two SOIIlt.iolls ('an 1)(> dist.ill!!;uisllPd which 
g;iv(' difrl'rl'lIl. IIlass!':> for I.hl' rriggs hoson iI. 

l.1 II/I,ort l 1(111/1 .~('f'P1(J1 ' !() 

.\1. IllIv Inll/3, w(,11 bd()w lII,/m.h . I'ptlorlTHllizat.ioll grollp f'qlJ1\I.iolls (n.(a;~) af(' 

illfl\l('II('l'd by '.111" t.op Yukawa ('ollpling . III parl.ielilar df)drowpak >:lYIlIIIlI'I.ry 

hrf'aking (EWSA) is I.riggerf'd ill I.he: SUGRA sdlPrne hy I.hp t.op Yllkawa <'011 ­

"Iillg 1.('1'111 . To Sf'e t.his, Ol1f' Ca·n wril.f' ,.hl' r~wsn SOIIlt.ioll as : 

\\'llI'rp /,. is Hw Higgs mixillg 1.('rIll a. pp0.~rillg ill 1.111' SlJSY sllpf'rpot.(,lll.iai. 

AI. (a .IT :-<n..t(' "'il" and 11Ii., .. get. i:l COllllllOII vahll:' 1I1~. I'rovi<kd I.hal. 1.11f' 
I.op Yllkawil (~ollplilll!: is nol. t.00 sTllail. t.hp m~l .. I.erlll ran hecolf1f' llf'p;al.ivl' <lnrl 

(' :1.111'('1 t.ltl:' -'l~ 1·l:'rJIl 1.0 generat.e Mi wit.h I.hp ('once\. sigll. 

In t.his s('f'llario. J.!;ivell t.he RGE , I.hl:' I'0J> Yllkawa couplinp; ('onvI'Tgf'.'l 1.0 a. 
fixc>d qllalll.il.'y at. 11111, ~n\lf' • il'r('spf'div(' of il.'s valliI:' at. t.he nUl' >:leale (till:' so­

ndhl illfra-rpd-fixpd- point. solut.ion IRFP). This sollition. In, "",20(J GeVsind. 

givl's lall/~ "'" lli-2 a.nd 1.IIPl'l:'foff' a t.ighl. "PI)('r hOI 111111 011 TIl" < IO:U:,.V, 
;\dding 0111' s.d. on the llleasnrf'd t.op IIla.';s il1('fpasPI'l '.hl' bOllnd 1.0 11.0 (;pV. 

II. hill" h"PrJ HTgIlP(r t.l1 ii I. I.he F;Pllf'fI\l.i(>n nf M~ in (~) rf':mll.s frolll a. "fillf' ­

1.llIlf'd" ";lll4'dlal.ioll I)('I.wPf'1I largf' \flladr;d.if' 1."l'Ilis. To >'1'1' I.his, 0111' 1'<111 ('OTlI­

1'111.1' 1\1~ ill I.el'lllf; of 111" <llld 11-1 1/ 2 • 1.IIP '"OllllliOIl gallgino 11Ias" :1.1. (;11'1'. For 
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lilll.:1=2, OIW :'I.pproxill1a.t.f>ly gf'l.s : 

M~ ., 2 r:: 22 ~ -11' + Ino + .)M1/ 2 

S('arl'iws 01l rip;ht. Irall<i!'d skp/.OllS, wlli('h givf' a mas.'l limit" apPl'o:l<,'hirrg RIJ 
(;('V. I.ogdlwr wil.h i'W:lrcllf's on chargino$', allow 1.0 Rpl. ('ornbinl'd lowN lilllil.s 

1>11 11111 and J/ I !,.! , FrOllt UWfW, (Jill:' l1"d" l.hal./l r('adlPs 270 (~I'V. It i.'lI.lwrr-fol'l' 
a 111:11.1.('1' nf IWI'S()1lall.;lsl.1' 1.0 dpci<il' ifl.hill value is t.oo largp cOlllparf'(ll.o ft:f~/2. 

III /.lw lIUlIH'rical I'xmnpl(' givf>n a.hnvf>, olle I'xp('cl.s a HiggR hoson hat. 

xu (;(' V ;wcl a hf't\vy /\ wiUt rnA '" Il. Nnl.e I.hat, /' is l.a.kf'1I positivI' :,;itre!' 
II", IJ('gat.iv(' 80lut,ion wOllld 1<'>(I{j t,o a Higgs boson lIlilS:'; (mixing tNm efred.) 
Iwlnw pt'N>I'III. lirnil.i'i from LEP. One could altnllal.ivf>ly aSflltntf' a small /.op 
YllkClwa ('ollpling ai, carr sn\le a.nrl dl'part. frol1l /.llf> Iflrp f:Olll/.ioll. This 

110111" imply In, <200 Gf'Vsill/~ and I.IIf~rf'for(:' a largN tan/I. A lH'avi<:>r lIiggs 
lllii>'>' is t,lwrefore pOSRiblf'. 

This JllFP sC('lIario hil,<: I.wo dl'gr"l's of fr('('doll1 (Mt/2 aile! mo) a.lld ('all 
Ilwr('f()l'p hf' w('11 I.('sl.ed f'xperimenl,ally , Ii. provide'" a solution contpal.ihll' 
lVitit : 

- (:rnlld unificatioll illdlldillg b-T IlIa'ls lInifkat,ioll 
- EI('dro-wl'ak f'ymmdr:v orf'aking 
- Ikavy dark maHer for ('oRnloiogy 
- PI'('('isioll l1leill'lllrf>ltJ('lIt.:,; 

il/I,(/f:rl" f(ln/j M,:p,mrio : 

\Vlwlt t.all/~ ~ Int/m", 011(' 4'an 110 10llgN Iwgh~d t,he impact. of bot.tom and 
r Yllk(lwa (':ollpling collfll.an/..c; ill I,hl:' RUE, IR.FP solllt,ions also orrur ill t.his 
~('f'l\(lI'i() hili. il. f'eems I.hat. Yllkawa. mllplill!'; const.ants cannot. bl' I'asily IInifipd 
:It. f.11f:' (:11')' srale. 

R.f'cPlltly' t.his r)J'(lblf>lIl ha.c; r('lPivl'd rrnf>wf'd ilt.t.pnf.ion il.nr! if, sPptllS tha.t 
l!t(,\,p if' ~()II\f' IlIi:';lTIa.t,(·h hdwf'pll \.lIP \'('slil/,ing ool.l,om lIlil.ClS vahlf' al. I.hl.' Mr, 
,<, 'aI4': nlld t.llf' lH'f'd 1.0 cont.rol t.he ront.rihll t.iOltf' t,o h-t wy. The solutioll wOllld 
h(~ t·o inne:'lsl' 1.0 '"1 TflV level I.Iw tlJilSReS of rharginos and rhargf'd IIi J?;/!:S , 

whidl grossly fails I.hf' l'equirf'OI1:'lIf. of 110 "l1ue I.llning" . In I,hil> f)cenario, I.IIP 
Ili~gs gpll' IWRv)' and f>S(.·a/>f':.<; d('t,ert.ioll ai, LEP. 

Ai:' 11,::",,11. t.hel'f~ a.rl' ways 01lt. whi('h aga.in consist. in relaxillg" '::0111(, of I.hl' 
1/ II i Ij,;:t I.ioll nil.pria . Sonw" fine t.lIl1ill,( ('3111101, be hOWf>Vf>!' avoidf><1. 

T" stlllllnarizl:'. sn.' lIario n/ wil.h all IRf!' solut.ion CillJ fulfill <Ill 1'<'(I'lirp -

11I('lIls (1IIlifkat.iolJ, dark lHaUer. precision IIwasurPlltf'lIl.f'j. If. pr<,dids a lig"'. 
Iligg;; ),Q,;OIl and /.IINPforf' LEP2, :IS dis('lIsf)f>(1 in I.IIP IIPXt. Sf>('/.iOIl, ('illl providf' 
:1 rlf'( 'isivp Ip,::t. 0[' t./lis IlIodl'1. 

http:collfll.an
http:I.('sl.ed
http:IJ('gat.iv


3 

:0 
0.. 

6.-
Vl 
0
s:::
'8 
::I 

....J 

300 

250 

200 

150 

100 

50 

175 180 185 190 195 	 200 205 

E,GeV 

FigHr" 1: 11'Io-m!l....." dis('.<)Ver.v (:urve", of " SM "ius I>o"on in term~ of energ.v and integrat"tl 
11II1Iin .. "it:v /experim"nt. 

How to reach mil up to 103 GeV ? 

Durinjl; 1997 , LEP has readted an enf'rgy of J84 GeV a.nd provided lip t,o 2 pb- 1 

pN day 1.0 each of t.he four p.xperiment.~. The inl.f'grat.ed luminosity reaches 
only 00 pb- I due to a lat.e sl.art.-lIp (t.hf' fire) and 1.0 some low (mNgy runs (Z 
dat.a for calibrat,ion, 1:lO-136 <:eV rlln) . Nf'xt. yp.ar more t.han 100 rh-I should 
hr' df'livf'ff'd per experiment.. 

Thf' Illaximal energy of LEP dePf~ndR primarily on t.he field gradient. of 
t.he slIpracondud.iv(' c:avit,ie.q. 98 % of t.hf' cavil.ies are able 1.0 reach 7 MV 1m. 
while t.he nominal field is at. at. 6 MV 1m . Wit.h somf' reconditioning of t.he bad 
,",wit.ies, it lWeOlS t.herefore possible to rearh 200 GeV (recall tha.t the radiativf' 
losi'WS go Iikf' t.he 4th power of t.he beam energy). Cooling problems seem also 
tinder control, while the choice of beam optics is still under invest.igation . 

Figure 1 ~hows the discovery pot.ent.iaJ (i.e. more tha.n 5eT efff'd) of LEP2 
for the Higgs boson ill t.erms of energy and 11lminosil.y Jf'livered per expf'rilllcnl. . 
OIl(' dearly Sf'(>S thaI. al->olli. 2!)O ph-I per experimellt. are lIepr:\ecl 1.0 rearh 1O:l 
(:"V. Sinre t.hf> 2()O f:f'V f'nergy wOllld not. be reached bf'fore 1!199 (llpgrack 
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of nyoplant.s and recondit.ioning of bad (~avit.ies), t.his means that LEP should 
1'1111 in yC'ar 2000 t.o eollf'd t.he 2!)0 pb- I • Whil" t.pchnically feasihle, this run 
j" 1I0t. yPl fllncled financia.lly . 

.. .. 

10 

.. .. ... 
.......... l:qq(lSR)-­ -- ---. --.-. 

10-2 '-'-........~.....................&-J.....L.-L.-.........-'-'-............................................ ............ 

100 120 140 160 180 200 220 240 
Energie totale (GeV) 

F'igur~ 2: Typkal cro~8-~p.ctions at LEP2. 

-1 SM Sp.Rrr.h 

III l~m6, ~ J() pb- I has been mller.l.ed at. 161 GIN a.nd about t.he Senile at. 

I T2 (~pV . In HH)7, as 1l.lrpady ment,ioned, more than 50 pb- I WM coJlectecl at, 

I R:l-I R4 GpV. An updatp of the Higgs searchps was pre_c;ent.ec1 at. t.he .Jf'tllsalem 
"ol1f(,l'enl"l' based on 5 pb- 1 , while recent,lyS t.he 4 experiments have given vr.ry 
pl'l'lilllinary results ba.'!ed on the J997 dat,a (see spction 6), As st,at.pd in spct.ion 
:.I. t.llf' so-called SM search described here can be con8iderf~d as a limitingcase of 
I.IH' MSSM search when A is heavy. hZ becomes accordingly t.he only relpvant. 
('hannel wit.h t.he same cross-spct,ion t,han in the SM case. 

Figure 2 illu~t.tat,es t.he hierarchy of processes involved in t.his t,ypf' of 
~,'al'dl . TJlf' hZ ('toss-s("dion varies t.ypiCl1lly bet,ween 0.2 and I ph. h df'­
"aYil in about. no 0/., cas('!! int.n hh. h-t.agging t.hereforp allows t.hf' lll'f'('SSaI'Y 

rr '. ip('j·ioll of \V f'hfl.llllf'ls . In LllI' r("'Pllt., y('a..rs, LEP I'xrwrimf'l1t.s haVf~ llrl1i('v('d 
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"f tTyopl;ml.s and rer:onditioning of had (~avities), this means thaL LEP should 
1'1111 ill .Vf'(l1' 2000 (.0 !'olled. t.he 21>0 pb-I . While t.echnically fe(lsihle. this run 
i.~ 1I0t y .. t. funded financially . 
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F';gur~ 2 : Typical cro"""8""t;on. at LEP2. 

·f SM Sp.Rrch 

III I H!-l6, ~ 10 pb- I has heen roll",d,ed aI, 161 (~f'V and about t.hc sam I' at. 
172 (~eV. In 1997, i\.'l nlreR.dy menl.ioned , more than 50 pb- I Wi\.'3 c:ollerted at, 
Iltl- I R1 C;pV. An update of the Higgs searches was present.ed at t.he ,Jernsalem 
('(lllf(,I'(,Ilc:e h(lsed on 5 ph-I, while recent.IY t.he 4 experiments have gi ven vmy 
prf'lilllillary result.s ba.'led on the 1997 dal.a (see sedion 6). As st,at.eo in sel:"t,ion 
2. I.hf' 6tH'alied SM "earch de-Bc:ribed here ran be considered as alimitingc::a.<;e of 
1.111' MSSM s~(I.rc::h when A iR heavy. hZ becomes II.Ccordingly the- only releva.nt. 
I·h<lllnel wil,h t.h", same c::ross-sedioll I,han in Lhc SM c::ase. 

PigHr!' 2 illullt.rateR I,he hierarrhy of proresses involvf'd in t,his t.:vp" of 
","al'l'h . Th" hZ n()~s-s('c:t . ion "aries t,ypic(llIy bd.wf:'f:'11 0,2 and 1 ph. II <if''' 
I'ay" in about. ~'() 0/., ('1IS(>S int.o hi; . h-t.agging t.herefore allows till' Jlf'r<:Rsary 
1·,·,j ed .iOIl of \V r1liulllf'ls . In t.il" r<"'f'Ilt, y"a.rl', LF.P r'xp"rimf'nt.s hav" a..hi,,\'(,d 
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impressive performances in the field, mainly driven by the measurement of R!,!l. 
Tile nel. result is a ~1.5 increase in efficiency as compared to the expectations 
giv(,11 during t.he LEP2 workshop . 

..­....•. _- .. ,-_._-- ­ _ ._._ ­

.' J~ ... ­ ..-' 


Pigur.. :1 : HI/Ii cIlndidat.. "I. 161 G .. V with evld.mc., (or b-type •.,cond"ry vertex. E.tim"t"d 
II 111",,0 : R~:~ . 

The results of the 4 analyseJo are given in table 1. One can see t.hat there 
art> very few candidates with the noticeable exception of L3 for which ol1e 
considers the candidates as ,. weighted" by their probabilit.ies of being signal­
likt> . An example of candidate is given in figure 3 showing a striking evidence 
ror a secondary vertex with large mass and large multiplicity incompat.ible 
wi/.h a charm decay. This event is assigned to the H vii category since it. ha.~ II. 

lI1illsing mass compatible wit.h 1\ Z. The best. SM t>xplanation would be a ZZ* 
with Z int,o vv and Z· into bb . 

Th", HI96 da/.a have been combineQIl giving t.he limit : 
lnh > 77 . 1 Gf:'V at. 9·) % CL . 



T"bl .. I: fl"sult,. 011 SM "p."'TII". 

Expt, Elf Expect Seen Mass Limit. i) pb-l 183 GeV 
ALEPH 29% O,g 0 70.7 GeV 74.0 GeV 
DELPHI 29% 4,3 2 66.2 GeV 73.0 GE'V 

L3 40% 38 .:\ 33 69,5 GeV 72.0 GeV 
OPAL 31% 3.6 2 69.4 GeV -

Tablp. 2: R~""lt~ on hA .p.ar~he" at, high t,an/1 

Expt, Eff Exped. Seen Mass Limit ,') pb-I 18:1 GeV 
ALEPH .'';4% 08 0 62.,') GrN 64.5 Gt'V 
[)1~LPH1 43% VI 0 59,5 GeV 62.0 Gt'V 

L3 50% 5 58.4 GeV -

OPAL 38o/r,. 7.4 8 56,1 GeV -

for all expecb~d limit. of 75 GeV. 

!) MSSM Search 

,'j , Illi ,...·f'nl'f:h 

For I~rg(> t ,an/~, h and I\. decay into bb in 92% of t.he ca.ses flnrl I.he reRt, int.o 
r+ r- (ill fact. 1.11(> bri\l1ching ral.io fot' h depends alRo on t.he mixing anp;le r~) . 
'l'lw -1h final st.at,e call he i\naly?;ed wit,h high efficiency "'nd low ba.ckground . 
11111 ~III,\ in \I1ost, of I,he relevant. dOIlla.in . Th(" decay of h into 2A or;cllrs for 
I()w t.an/3 . ~t. t,he lower limit of the physical domain (8ee fig. 4), Taking int.o 
;01l'C'flllnt. I.h", EWSB constraint. which predicts a larp;e II1A for t.hese pa.ramet.ers, 
nllf' lJ\ay ignore this possibility, NotE' also t.ha.t. for l.an,1< 1, the charged Higp;s 
""'al'<'" in I.op decay,,! 2 allowll to set a limit on rnA, The result,s oht.ain("d hy 1.1t(> 
LEP <'01Iaborat.ion,,!3 data. <I,re sllmmi\rized in ti\bJe 2 and :1 wit,h prdiminal'Y 
Ill'rlal,('s hil."f'd on IS:'! GeV c1:'\.I,:'\ p;iven at. I,ll(> ./er118<1.1f'11l conferPII(,,,,, 

,r,.:! 11I/,I'l'/lI'dntioll 

MSSM rr':mlt.s <:.im 1)(' illt.crprrf,r-d, ;tj, t,he tr~ level. ill t,enTlS of two ilIc1q)Pllclt'nI, 
l",rnlllf't,p.rl). IIsIlII,lly chosen liS mh i\nd t.an" or rnA ['\lId t,all/~ , Loop rorred,ion 
III()dif.v this pict,lII'(' ilnd jnt,rodllce flO me dependence on SlJSY pitralllf't.erf; ;j~ 

,""1 1)(,l>t'f'1l ill formula (l), The four LEP f'xpf'rimf'ut.fl ha.ve chospn t.].r- <'011­
\'r' lIt.ions or t.he LEP2 workRhop' with 2 extreme rases 
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Tahl" .1: Re"ult .• on hZ+hA .""r"hes 

Expt, limit on mil limit on mA 

ALEPH 61 .5 GeV 64.5 (;eV 
DELPIll 6:!.O GcV (>2 .0 GeV 

L3 58.4 GeV 58.4 UeV 
OPAL 56,0 GeV 50,6 GeV 

- Neglect mixing, and assume Ms '" l1'eV, whf"re M8 stauds for t,he "av­
' ~ rage" stop mass, 

- Maximal mixing, where the mixing coefficif"nt is related t,o M... SII('h t.hat. 
Ih~ loop .'orrpdioll maximizes t.he Higgs 111M.'> , 

Fip;ure" give" all example of t.he region covered fly t.he 1996 search . 

: .'. 
30 .' . DELPHI 

LEP2' 

10 
\I 
8 
7 . 

1\ 

Fill;""" ~: Th" li~ht .hMled region i~ ~5% C .L. e)(duderJ bll.."d "II 1996 D"lphi oal.". Til" 
,j,\I'k RI"...I,,<I ""Kinns ..r .. lInphy~ic,,1 in MSSM. 

It. is Ilot, yet, dear that, t.his st.andard approa.ch providf"s t.h(' ('orrl'd limit. 
"II 111" illid Ill" and whf"t.her iI. wOllkl 1101. hI" possihlp 1.0 prodllcf" "holp,," h.\' 
"!lr('fl1l1~' "'lOosing the SUSY pararnf't.('J"~. From 1.1 . it Sf'eIllS t.hat. I·her(' ''11'" 
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ill(lf'('d slIch possibilit.iffl bill. it is fair 1,0 say t.hat they disapppar wlH'n sufficient. 
1IIIIlinosity (i.p. combining thl" -1 LEP rpsl1lt.,,) is reat::hl"d. 

ii .. J If+ lr S("(II'ell 

In it. ,,t,rid, MSSM model one hM m~* ~ J/I~ +mrv and therefore I.his channel if; 
Ilf)l, ~'d , !"plevanl" POSo'Sihlc I"xl,ensions of MSSM may however allow this challl ...1. 

Expprimenl.ally. I,hl" signa.t.ure is difficull, ctup I,/) WW conl,;\.Il1inal,ion which 
j>l'o\,idps !.lIP "iUIlP ct~ay mo<"ies inl,o di and TV . 

H+H- search at DELPHI 

L:, 
L. 

H' _ro."..·, 
______ __ __ __...JE_"_cl_usIon "_m�~_____ . 

Thl" pr~~!P.nl. limit is givf'n in figure 5 Ipading 1,0 : 

IIlH± > .,)4,5 GeV at gfj IJ1" C.L . limit from DELPHt 5 

This limil, ('a.1l be improvpd by the searrh12 1,~H+b . lewing 1.0 mH± > 150 
(:f'V for larg(' 1,(\n/1 or wlwn tanIJ< 1. 

Prosp~cts Rt Higher Energies 

Wit.h 18:1 GeV data onf' (:1\0 expecl, an exclusion lip to l1hOlll, 88 GpV wil,h I.hf' 
fOllr ('xpprimf'nt.s, Pr..lirninary limits Wf'Te given 11.1. a LEPC, sIlmmarized ill 
,."hl" 1 . 

II 
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Tahir. 4: Prp.liminar.v SM HillS. bORnn noa..s limits 

Expt. limit Luminosity(pb' l ) 

ALEPH 88.6 GeV 5.5 
DELPHI 83.6 GeV 53 .5 

L3 82 .2 GeV 36 
OPAL 82 GeV 39 

For MSSM, t.he exclusion limit from DELPHI if! shown in figure 6. From 
t.he~w preliminary results one concludes that : 

mIl > 73 GeV and rnA > 75 GeV at. 95 % C.L. 

No updat.e on the charged Higgs search was given. but one may expect a 
('ombinf'd limit. better than 65 GeV. 

At 200 GeV, 88 mentioned in section 3, a discovery reach of 103 GeV 
i~ J>~sible in the SM-Iike scenario. This would exclude t.he low t.an,B (see 
discus~ion of section 2) as shown in figure 7. 

7 Beyond MSSM 

Higgs bosons m!\y decay invisibly into pairs of neutralinos. If this decay he­
mmes dominant, one can still detect. the hZ mode through the Z decays. The 
limit."Io are mh >69.6 GeV for L3 and mh >7l.2 GeV for ALEPH. 

One may also relax MSSM constraints and perform a general 2-doublet 
s(';uch involving h and A. One may even allow for CP violat.ion and consider 
I.hl' int.erpla)' of 3 channels hZ,hA and AZ. As discussed in 16, t.he 3 couplings 
are related which allows a significant mass domain exclusion . Figure 8 shows 
rNlult.s obtained by DELPHI in this scheme". Note t.hat the limits do nol. 
('over the scenario of a very light A which corresponds to a set. of complicated 
dpt.f'dion possibilities . Note a.leo I.hat the effect. of relRxing the dominance of 
(lIP. bi) dl"Cays is also displayed. 

8 Condu!lion 

Prl'sent. Higgs limits are already t.ightly constraining the low t.an,B scenario 
"r l\lSSM-GUT. Combining t.he 4 experiments. it complete coverage of t.his 
"'·"IlA.rio can be reached provided LEP can run for 2 years at. 200 Gf'V. 

to 
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