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OVERVIEW OF THE LBL WORKSHOP 

laD HiDchWfe 
LawreDce Berkeley Laboratory 

UDiversity 01 CalitorDia 
Berkeley CA G4720 

This oYe"iew of 'he LBL Workshop OD Elec:Cfo..Weat 
Symmetry BreakiDr at the SSC is provided .. a brief guide to 'he 
more dewled papers which follow. It is based OD a calk ,"eD a' 
'he opeDiDg of , ... SDowmass workshop aDd is iDteDded maiDl1 for a 
DOD-th~ore"cal audieDct. The commeDts expressed iD ihis ClYaTiew 
are miDe aDd do Dot Decess&rUy represeDt the Tiew of the majority 
or participaDts. 

The LBL workshop had a loose orpDizationl structure; 
tbE'orists oft~D work best iD a freewbeeliDg eDviroDmeDt. Several su~ 
groups were lormed to aClact some of the more important theoretical 
problems relnaDt to physics at the SSC. 

These groups discussed 

1. NOD-Standard Higgs 

2. lDtermediate Mass Higgs 

3. NOD-Standard Higgs Bosons 

4. Strongly lDteracting W's aDd Z's 

5. SupersymmetfY 

6. Interpretation of UDusuaI Eveou from CERN aDd DESY 

7. Compositenf:SS . 

The reports of the the subgroup chairmen C&Il be found lollowiDg 
this article. 

lD additioD, a number of semiDars were held with CWo 
purposes. Firstly, talks were given at the openmg of the workshop 
to acquaiDt participaDts with the curreot state of dairs. ODly' CWo 
or tbese talks are iDcluded iD the ProceediDgs. The ODe by MK. 
Gaillard which acts U aD iDtroduction to the workshop aDd .. t. 
out Its goals aDd the ODe by J. EDis OD the status of EuropeaD 
Facilities. Otber talks were given by Jay Mars (reponiDg on the SSC 
Rer~reDce DesigD, Rei. 1), Stu LokeD (reponiDc 00 the activities or 
the PSSC, Ref. 2), Bob CabD (reportmg 00 ,he ChiCAIO Workshop, 
ReI. 3), Dave JacksoD (reponmg OD tbe ICFA meeting held iD 
Japan iD late M.,-, Rei. 4), aDd Chris QlIirl (reponiDg 00 lOme 
CODclusioDS of EHLQ, Ref. 5). These talks all cover material which is 
readily available elsewhere aDd are Dot iDct.ded In these proc:eediDgs. 

SecoDdly, semiDars were held OD topical subjects relevaat &0 the SSC. 
These semiDars are wrltteD liP m these proceedlDP &ad wiD Dot be 
discussed rurther iD this summary. 

The group 100tiDg at the Dew aDd lIDusual events rrom 
CER;'I; and DESY attempted to draw together the IDformatloD from 
tb~sE' odd eveDts, summarized iD Table 1 or tile report (L. Hall. E" 

aI., Rei. 6). Th~y looked at aDd naluated the various tbeoretical 
proposals ror tbese eveDts. lD particular, they tried to look lor 
commOD reatUff'S 01 the eveDts aDd to search lor oplaDatioDs whicb 
ar~ capable 01 deallDg with more thaa ODe type 01 eveDt. 

I wiD IIrst commeDt on tbe eveDts from tbE' VAl aDd 
UA2 collabora'ioDs with missmg iraDSTerse eDergy (Ref. 7). The 
mYariaDt mass of 'he system with the large traDsverse momeDtum 
ill thESe nents is quite large, the 'ransv~rse mass of the jets, lep­
tollll, aphotons" aDd missiDgtraDSTerse momeDtum provides a lower 
boaod On the iDvarut mass of the pamD-partoD system wbicb 
cenerates tbe IInal state. Tilis traDsverse mus is given ror tbe VAl 
eveDts in Table 3 01 the report which sbows thac it is 01 order 100 
GeV. The l:1A2 eveDts with leptoDs and jets have a total iDvariant 
mass of order ISO GeV (roughly the same as tbe je .... jet mass ~al.: 
also claimed by UA2) if they are iDterpreted as IIDal states 01 W plus 
jet. The typical mass of the partoD-partoD system iD eith~r case is 
ot order ISO GeV.lD order to have a chaDce of esplaiDmg the rat~ of 
&hese events, the CZoss-sectioD iD the partoD-partoD system must be 
dnt! to stroDg iDteractioDS, aDd the particles in the IIDal state will be 
"roDgly' lDteracimg. This simple obse"atioD follows from tbe typi­
cal Talues 01 partoD momenta which are required aDd th~ behavior 
or the parton distribution fUDctioDs. The eold"· physics backgrouDd 
&0 these eveDts is from W /Z + Jet IIDaI states which has a partoDic 
cros.aection of order (I. a aDd Is coD&equeDtly mucb too small to 
uplaiD the signal given that the W /Z hu to decay leptoDically iD 
order to generate the missing naasverse momentum. 

. The ODly' C&Ildldate proposed by theorists bel ore the E'veDt.s 
were touDd is supersymmetry wbich geoerates events witb jets aDd 
missing traDSTerse momeDtum. The immediate difllculty is that one 
naively' opeds events with several jets, nro from eveDts with squarl.: 
pairs aDd four from events with gluiDo pairs. Some of tbl'se jets wiu 
either be soft or .... ilI coalese so that tbe pbysicaillnal stat~ could COD­
sist or lewer than the espec:ted number of jets. Figure 6 of Halll't al. 
uows thls effect. However, a problem remains witb the super­
symmetric iDterpretatioD of the events; the multip1ic:ity 01 pa"icl~s 
wlthiD, aDd the iDvariant mass of, the jets iD the UAI sample is IowE'r 
"lan is opected. Also, although the number of eveots is small. the 
vaaSTerse momentum distribution is rather lIa. in tbe VAl caSt', 
aaother problem which is not obviollsly' esplaiD~d by supersym­
metry. 

All other caDdldate esplantioDs were mvenWd after tbl' 
events were loaod; they are summarized iD Table 8 01 tbe subgroup 
report. NODe of them II Tery compeiliDg, aod some rail to esplain 
&le qlla.,lcative leatures of the eveDU. 

The eftllts iDterpreied as Z decay to ,+,- 'J c-.r 1'+ 1'- '7 
(Rei. 8) are summariled iD Table 2 or the subgroup repo". Thl' 
most Datllral esplaoatioD is iD terms or BremsstrahluDg. it gives a 
Datilz distributioD which agrees with tbe data but unlortunately has 
a rate which is a ractor 01 IIfty too sman. NODe 01 tbe ~xplanat.ions 
dlscusSM by tbe group are particularly compelliDg aDd most lail to 
esplaiD the Dalitz distributioD. 

Tbe other odd events louDd at PETRA (ReI. 9) are at 
.. rather lDIall rate aDd it is Dot compr..tE'~v cll'ar thaI tbey art' 
iDcollsista.t wltb backgrouDd. Tber~ is oDly ODE' "vent from CELLO 
01 tbe ty~ 1'+ ",- + 2jets. AgaiD they werE' not aDt.iC'ipatE'd by 
thE'Oris's althoDgb a Dumber 01 esplaoatioDs Wl're discUSSE'd. Tb~ 
CODdusioD or tbis group Vias that ODE' should wait aod ~. 11 thE' l..TAI 
eYeots arp real tbE' DE'st ruD sbould SE'ttie tbE' issue aDd providl' morE' 
detail Vibicb would eDablE' somE' 01 thl' eJ:PlaDalioDS to bE' escludE'd. 
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U any of tbese strange eYeDts turDS Ollt to be real, tbeir 
implicatioDs for tbe SSC are difBeult ~ assess. In the case of 
supersymmetry, the worltiDg group looked at the CODsequences of 
supersymmetric particles in tbe 50 GeV mass range. ID this casf' 
at 40 TeV thf' protoD wiD have a sea of supersymmetric particles. 
whicb caD initiate reacUoDs at tbese eDergies. The report or J. Ellis 
(Rer. 18) can be coDsulted ror more details. 

Three groups were coDcerned with ftriOU5 aspects of the 
physics of the Higgs system. ID the minimal Weinberg-~alam mod~1 
there is ODe pbysical scalar whose mass is lIDdetermmed. If thIS 
mass is greater than 1 TeV or so, perturbation theory for the sector 
involving tbe Higgs and the Wand Z becomes uDreliable and a clear 
predictioD of tbe beha"ior 01 the theory is lac:ting. U the Higgs 
Is lighter thaD I TeV It II Important that esperime~ts are ~ible 
which can detect it over the wbole mass range. U its mass - less 
tban TO GeV or so tbe Yarious ,+.- macbines (LEPI, LEPD or 
SLC) sbould be able to lind it. U Us mass II greater tban 2Mw, it 
sbould be detectable at tbe SSC via Its dec..., to either a W pair or a 
Z pair (see tbe report of KeD Lan~ReI. 10). ID the case of the Z pair 
final state tbere sbould be eDougb events enn If tbe Z can oDIy be 
detected in its muoDic and electroDlc decay modes. Tbis leaves the 
mass regioD betweeD the ,+ ,- limit and 2.A1w. Here the Higgs wiD 
dec..., domiDantly iD~ t quark pairs (or b pairs, if its mass is below 
2mt). Tbe rate is large but tbe backgrouDd lor QCD produdioD of 
t quark pairs is dominant so that eYeD an esperiment wbich could 
distingulsb betweeD t quark jets and other Jets could Dot Bud tbe 
Higgs using tbls process (ReI. 5). 

A suggestioD by GUDioD, Soldate, Kalnylat aDd GailsoD 
tbat the associated prooductioD 01 a W and the Higgs could provide 
a better SigDai to backgrouDd ratio looks extremely promising. The 
report by LaDe and tbe article coDtributed by GaDioD, et aI. (ReI. 
11) to tbe SDowmass Proceedings discuss the laues In de~il. Tbe 
preseDce 01 the W, wbose IeptoDic dec..., CaD be used as a &ag, 
greatly improves tbe sipal to backgrouDd ratio. Tbe usefulness 01 
tbe process biDges OD the ability ~ ideDtlfy t quarks efBcieDtly aDd 
in particular OD the abilitl;y the reject other quarts (Dotably b) very 
suoDgly. The eveDt rate is not large, tbe report 01 Lane suggests that 
at a lumiDosity 011033 cm-2sec-1 a t quark detectioD efBcieDCY 01 
atleast 25% is Deeded. 

In tbe case that tbe Higgs mass exceeds tbe 1 TeV value 
the behavior 01 the theory and hence the esperlmeD&&i signals are 
Dot so clear. The report 01 the group headed by M. K. Gaillard 
(Rei. 12) can be coDsulted for details. There is an arpment due to 
Einhorn (ReI. 13), based on an expanslOD In lIN wbere tbe caage 
tbeory is SU(N) so that N - 2 lor tile Welnberc Salam model, 
wblcb suggests tbat tbere will always be a seaJar bolJDd staw below 
1 TeV. This panicle would behave in mucb the l&IDe way as aD 
elementary HiglS and sbould tberefore not be too hard to lind. A 
more pessimistic ICeDario is tbat tbe oDIy maDlfestatioD 01 this large 
Higgs mass is a stroDgly coapled W and Z sector above 1 TeV. Models 
were looked at by the -StroDgIy InteractiDg .•. - croup based OD 
estrapolations from the behavior 01 the pion-pioD sys\em (which Is 
due to another strongly interacting tbeory, QCD) and were used iD 
order to predict eYent rates at the SSC.1n particular; estimates were 
made of tbe multiplicity 01 W and Z anal states. The main sigDals 
of this strongly Interacting system are: 

(a) A larger ratio of 3W and 4W anal s&ates to 2W anal s&atf'S 
than is predicted OD tbe basis 01 qaart anti-quark anDihila­
tloD. 

(b) A ratio 01 Z pair Co W pair erosl sectioDs wbkb illarger tbaa 
that espected from quark anti-quart annihiiatioD (Rt·r. 181. 
Furthermore this ratio sbould be larger at .largE' .,air masst'!>. 

(c) Variat,ioD or the Wand Z pair cross-sectioDs witb the iD­
variaDt mass 01 tbe pair which is dltrerent from tbat ex­
pected from productioD via quark antI-quark anDihiiatioD. 
Tbe lIDal states with 2 W's or 2 Z's sbould occur witb rates 
large eDougb to delect eveD if we are severe!,y limited iD tbe 
Dumber 01 W aDd Z decay modes which caD be detected. 

Tbe eYeDt rates in some of tbe most pessimistic sceDarios 
lor the final states witb thrl'f! or more gauge bosons are Dot large 
and may be difBcult to measure uDless one caD recoDstruct W'S 
and Z's from their badroDic modes with reasoDable efBcieDcy. This 
important qUesUOD of the detectioD of W's and Z's wal> dlcussed 
extensively at the SDowmasS meetiDg and the report 01 FerDaDdez 
et al. (ReI. 14) sbould be CODsulted for more details. 

The group OD "NonstaDdard Higgs- (p. Langaeter, Ref. 
15) coDsldered the slgDais lor Higgs prodactioD in models "'ith Higgs 
sectors wbicb are more complicated thaD the minimal Weinberg 
Salam model. The simplest exteDsioD is a model with t,,·o Higgs 
doublets. ID such a model there are tbree Deutral Higgs bosoDs aDd 
a charged pair. The coupliDgs of tbese bosODS Co quarks and leptons 
is not fixed, but a geDeric feature is that the couplings of ODe Deutral 
bosoD are eDbanced relative ~ those in the minimal model while the 
couplings 01 another are supressed. The mechanisms for produciDg 
these Deatral bosons are similar to those of the minimal model except 
that tbe rates may be eDbanced. The sipals are also similar. Tbe 
production rates lor charged Higgs bosons are rather small. (See also 
EichteD et al. Rei. 16). Tbe ODIy etrective mechanism, uDless there 
are quarts much heavier than the top, is the Drell-'ian ODe via an 
Intermediate Z or ,., where a pair of charged Higgs are produced. The 

. charged Higgs wiD dec..., to a top and aDti-bottom quart. ID a model 
witb Higgs in doublet represeDtatioDs ODIy tbere is DO WZH+ vertex 
so that the Higgs CaDDot decay to ZW. The backgrouDd in the top 
anti-bottom chan Dei Is small but good dlscriminatioD betweeD jets 
01 dHl'eraDt lavors is esseDtiai if charged Higgs are to be observed. 

In models witb both Higgs doublets aDd triplets there will 
appear doubly ebarged Higgs as well as singly cbarged ODes with ZW 
coupliDgs. In these cases WW or WZ lusioD (Rei. IT) "'iD be aD 
dective mecbanism for the single productioD of these Higpes. The 
rates are comparable Co those of the Deutral Higgs in thl." minima.l 
model (Rels. 15 and 5). 

The group looking at supersymmetry (J. Ellis Ref. 181 
dJscussed alternatives to the -CODYeDtioDar supersymmetric models 
In whicb the licbeest superpartDer is stable aDd is Deutral aDd weakly 
Interacting, llsaall,y a pbotino. This coDventionai sceDario is favored 
by most tbeorists and is tbe ODe, most ofteD used in pheDomeDologi­
cal discussioDs (ReI. 19). In this scenario the classic sigDature is or 
eYeDts with missing momeDtum, carried otr by this ligbtest super­
partner. This signature would be lost If tbe ligbtest sparticle were 
I&&ble aDd were a gluino. In this case the gluiDo would deposit hs 
energy in a badroDie calorimeter. Fortunately, It is rather uDlikely 
that this ICeDario will be true, I&&ble partlde searches suggest that 
onl,y a raDge 01 betweeD I and 5 GeV Is OpeD lor sucb a gluiDo's 
mass. 

ID cer&&iD models (Rei. 20, 21), the ligbtest sparticle 
may not be stable. Some such models (Rei. 201 are cODstrained by 
limits OD neutrino masses aDd OD tbe rate ,. - ,,.,. Others are Dot 
coDstrained by existing data (Rei. 21). AD important coDciusioD or 
tbE' croup was tbat in these mod{:ls tbe missing momentum sigDature 
Is diluted but Dot lost (Ref. 18). The missing momeDtum may also 
be aeeompanied by prompt bard pbotoDs. 

In super.;ymmetrit' models tbere must be at least two 
Higgs doublets. 10 some of tbe discussions 01 tbe -!'IIoD-standard 
Higgs- croup arf' reWftDe bere. The minimal supersymmf'trir modf'1 
witb two doublf'ts is more CODstrained thaD thE' two doubl!'t DOD­
Iupf'f!lymmf'trk- modt'l (Rf'f. 18). ID panicular tbE'rl' is almost 
alwlY5 ODf' nf'Utrllllicgs ligbtE'r tban ebe ZO (Rt'l. 221. As iD oehf'r 
n'(I doubwt lIIocll'l<i ('ertain Higcs coupliDgs caD be enhanred. 
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ODe other area of theoretical speculatioD which was dis· . 
CUSSE'd by one of the groups coDcerDs the issue of compositeness of 
quarks and leptoDs (Ref. 23). Motivat·ed by thE' appareDI· arbitrari­
Dess of quark aDd leptoD masses, some theorists have speculated that 
they may Dot be elemeDtary but rather ('omposE'd of some ·preons". 
No semi· realistic model has yet emerged. Some si,Dals for <'Omposil.e 
structure at the SSC are dis('ussed iD Ref. 5, but some work was 
bt'guD OD the questioD ·What happeDs it the scalE' of composil.Dess is 
1 TeVaDd heDce caD be crossed at the SSC!" There was also some 
discussioD of the use of polarizat·ioD for diseDtaDgling the s~ructure 
of aDY interactioDs caused by compositeDess. 

FiDaI~, I would like to thaDk aU those who helped to 
make this workshop so eDjoyable ud ffuiUnl. My c.orcanizers 
Mary K. GailLard aDd Tom Appelqais& for their valuable work iD 
pJanDiDg aDd orpDizatioD, the workiDg groap chairmen for SUID-> 
mariziDg clearly and CODcisely the work of 'heir groups, SUIID 
FidelmaD for dealiDg with the day to day runDiDg of the workshop 
and for assisUng in the preparatioD of these Proceedings, and flDal~ 
to all the particpaDts for their eDthusiasm and hard work. 

This work was supported in part by the Director, Ofllce 
of EDergy Research, Ofllee of High EDergy and Nuclear Physics, 
DivisioD of High Energy Physics of the U.S. Department of Energy 
under Con"a('t DE-AC03-76SFOOO98 and in part by the National 
Science FouDdation under Research Grant No. PHY·84-0i063. 
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