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Extraction of Z' Coupling Data From Z' ..... ii at the ABSTRACT 

LHC and SSC- A net.t halytfl lu ,howl! that It may be poelible at .... SSC to extract 
I.rormathnl aboat Z' COIIpDnp "'a the deea, Z' - il. TIdI teduuqae ..... 
ro.... to .,. a.rul for 10m. exteuded elect rowel.. modell prcmded tbe Z' laTHOMAS G. RIZZO 
Nlatl.,.., Dllt.1n the preat paper, we pneraDle thlll proeed.re to the tHC 

Hiah Energ Physic. Diyi.ion a.d to Z", wMdt ant mort mUll" than 1 'leV. 

Arsonne National Laboratory ProbinS the nature of a D~wly discovered par:lic1e at a badron lupercollider eAII 
be a difficult. problem and one that i, critical to address. For example, if a Hiw·Ulce 

Araonne, IL"60439 object i. discovered it will be ~xtrtmely importaat to determine if it i. the cooventioual 
RiA' of tbe Standard Model(SM), one of the Hi." of the Minimal Supenymmetric 
Standard Mod~l. 01' lOme other more exotic b~ut. A limilar .ituation would apply to 

Ab,tratt the dilcoY!l', of a new sause boson( Z')·to try and identif, wltiela Z' has been di.co~. 
Tbi. iSlUe b.. aUracted much attention in the literature' durinS the put feW! Jean 
with ftl'iou. techniques heinS proposed to extract information on the Z". cnuplinp

A recea. aaaly.i. h ...hown that it may b. poI.lble at tile SSC '0 extract iuror· 
to rermiotll. Since all of these schtmes .uffer from lOme form of weakDes. it i. clearly 

mation about Z' coupUn. via the dKay Z' - jj. Thl. technique w .. roand to b. or lOme importance to have 1.1 much artillery anilable .. possible when usaultiDS tbe 
Z'. 

•.r.1 ror lOme extended electroweak model. provided the Z' i. relatively UPt. In th. It h .. recently been ,howD. that it may be poaibte, at leut ror retatiyely lisht Z"I 
ari.ins from certain cI.... of extended electroweak modelt(EEM), to use the Z' - ii 

praent paper, we lener .. I.II, tid. prot:edare to the tHe and 10 Z". which a~ more mode u a potntial source or couplios datal .J. The main difficulty with ,hi. channel 
il the enormoul back pound whid! ar11M!1 rrom QCD e'feD alter yery tiaht telectioG manl.,. thaa I T,V. 
cutt are applied to the data in the dijet inn.r1ut mUl ranS" which the Z' i. alread, 
known to occupy. Sufficient ,tatistica) power mutt be a ..ilable to fit the dijet mUi 
di.tribution quite precite', out.ide the .ipal repm ber~ a backsround ,ubtractioa 
can be Pftlormed. Only then i. it pos.ible to ha'le an, hope of Reins exCesI eYeDU 
due to the Z't pro'l'ided of courte that the Zit. couplinp are .ufficiently .tronS. The 
"sefulnt'Sl of the dijet channel to probe the Z"I couplinp can be quantified by the 
rf!lu1tins,tatiltical .i",ifieance. 51../B, of the Z' peak. The purpote of the prete1lt 

(Contributed to the Prot!ettli,." oJ lAt Wori,h", 0" Ph,.ie • • , c.~,,' A«eleralor. afltl 'h, work il to ntf.'nd this preyiout analysil to both the LHe and to Z'". with IUlff 
mI."'". We wiUlfe thAt lhl" nnonical ord ..r nr ma,nitude hilher intt"~rated luminosit1

S.,ertoIliJtr, Ar~onne National Laboratory. Jllne 2-~. 1993.) anilable at the LHe will allow the dijet channel to be a userul probe or Z' couplinp 
for a muth larser nnsf.' of mU!l1!'I than doe!ll the SSC. 
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We begin by a quick overview or the analysis u presented in Ref. 3. We usume 
that a Z' hu already been discovered via it's leptonic modes so tbat it', mass and widtb 
are relatively well determined. We remind tbe reader that for most EEM the Z"s widtb 
to mass ratio i, usuaJly rather small, rIM'Z. S 0.0:5, so tbat excess dijets from tbe Z' will 
occupy a rather narrow invariant mus ran Ie. To reduce QCD backsrol10ds we demand 
that both jets are very central and have hilb Pt's, i.t., -1 ~ 'Ii,';' S 1 and " ~ 0.2M,. 
and we concentrate on tbe data in the dijet mass ranI" near the Z', i.e., 0.7 S 'Zii S 1.5, 
wbere 'Zjj =Mii/MZ' with MiJ beinl the dijet iovariant mass. For smaller values of 'Zij, 
outside the above ranse. the shape of the mass distribution i. perturbed significantly 
by our cuts while ror larler values or 'Z;j there is a loss is statistics. Since no real data 
exists, botb signal a.nd background are generated numerieaJly usinl a improved Born 
calculation· ror tbe QCD dijet background and a two-loop, QeD-corrected 'K-factor' 
for the Z' production process'. QeD corrections to the Z' decay were also included and 
several different NLO parton distributions were employed to ascertain the sensitivity 
of tbe results to variations in tbese distributions. Both tbe sipal and b&Ckground 
were smeared assumin, a dijet mass resolution of ll.M;·1Mjj :z 0.034. integrated over 
bins of widtb O.02SMZ', rollowinl the ATLAS anatysisJ, and provided with Gaussian 
statistical 8uctuations. Since almost al1 of the Z'-induced dijets should lie within tbe 
ranle Mil' ± 2r, we define the ran,e 0.9 S 'Zij S 1.1 to be the sienal regime and fit 
the 'data' outside this raoae by a decree-7 polynomial (once it is rescaled by a ractor 
of 'Z1;). Polynomials of hi,her degee fan to improve the x'/d.o./. of the fit. The fiUed 
backaround is then extrapolated into the sipl regime and subtracted rrom the 'data' 
leavinl a potential Z'·induced event excess. This excess dijet distribution is then fit to 
eitber a Gaussian or Breit-Wiper sbape and integated to determine the total number 
of Z' - jj events. Clearly, ir the number or signal events is too small in comparison to 
tbe backsround DO obvious excess will be observed. Since tbe total number of events is 
sensitive to a number of overall systematic uncertainties (e.g., tbe integrated luminosity 
and the choice of parton distributions) lL'I well u hein, sensitive to what we usume tbe 
Z' ca.n to, we will normalize tbe number of Z' - jj events we find to tbe number of 
Z'-induced dilepton events io the discovery channel wbich defines the ratio R. (Tbese 
leptons are assumed to have rapidit.ies in the range -2.5 S " S 2.5.) If SI..(ij i. too 
small, R will suffer from larle errors and we will learn little or notbinc about tbe Zits 
couplinp. 

Fil_ 1 sbows two examples of wbere this technique works quite well for a 1 TeV 
Z' at tbe sse assuming an integrated luminosity of 10 /6-1, i.e., for tbe Left-Ri,ht 
Model(LRM)· with Ie = gRlgl. = 1 and a Z' with SM-like couplin,s(SSM). For tbe 
LRM(SSM) the extracted value or R rrom the 'data' is 34.9 ± 4.0(20.4 ± 2.2) wbile 
tbeory predict. 30.5(18.9). In the LRM cue, thi. cooverts to the 95% CL bound on 
the parameter Ie: 0.83 S Ie S 1.11. or course, the metbod works well only because 
tbe stati.tical sienificance of the Z' dijet peak is quite hi,h, sl..(ij > 7, ror these 
two particular cues. For other models one finds that S/,f§ i. much smaller eveo 
ror much Ireater iDtegated luminosities. Thi. arises mainly rrom the ract that ror 
most models the Z' couplinSS to fermion pairs is somewhat smaller than in either the 
LRM or SSM examples. The Alternative version of the Left-Ri,ht Model(ALRM) and 
the Be effective Rank-S models(ER5M)'I'.I, which are described by a parameter I, are 

~~ 

.. .. 

Fi,. 1: Invariaot. mass distribution. in 25 GeV wide bins. of the excess dijet events due 
to the Z' of t.be (a)LRM and (b)SSM after QeD backlfOund subtraction at. t.he sse 
assuminl the same integated luminosity or 10 /6-1• The solid(dash.dotted) curve is 
the result of performinc a best fit to tbe excess assumins a Gaussian(Breit-Wiener) 
shape ror t.hese event •. 

_r~~--.----- ~~Tr-' .-~.~ r-~'~'~ r 1 _ 

::III'IIIIHlilIIINlillll\ ~ ­
~. _U Iii __ 
--r 1 _I W I 


' : ...
--... .. u .. 

Fil. 2: Same .. Fi,. 1, but ror the ER5M X assumins an inte,rat.ed luminosity or 
(a) 10/6-1 and (b) 100/6-1• tn the second cue, both Gaussian(solid) and Breit.· 
Wiper(dasb.doUed) fit. to the peak are also shown. 
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reuonably representative of models in this class. For all value:l of , one findl that a 
1 TeV Z' at the SSC would be essentially impottsible to obterve in the dijet channel 
unless tbe intesrated luminosity was significantly larger tban 10 /6-1• Fig. 2 showl 
this explicitly for the cue , = -'1/2. which is usually referred to as model X in the 
literature. Amons the ER5M, X has essentially the larsest dijet crOls-lection which 
implies tbat for other values of' the situation can be significantly worse. The Z~ peak 
is not vi.ible with only 10 /,,-1 but i. much more re:lpedable for 100 /6-1of luminosity. 
However, even in this cue, the extracted value of R from the 'data" R =12.7 ± 2.7, 
i. found to not only agee with the theoretical prediction for this model, R = 9.6, 
but with the prediction. of Gil ER5M with "s outside the range 9' S , S 39'. Thu. 
althougb the increased integrated luminosity has helped us to observe the Z', it's not 
lufficient to provide us with a precise enough determination of R wbich we need for 
model discrimination. Clearly, tbis implie:l that a value of sl../B > 5 - 6 is a minimum 
requirement to use this technique. 

If we use this minimal criterion &I .. suidepOlt for our ability to use R as a 
model discriminator, we can uk how well our procedure works for otber models, at 
the LHC, or for more massive Zits. These passibilitie:l are addre:lsed by tbe results 
shown in Figs. 3a-f and FiSS. 4a·b to which we now turn. From Fig. 31. we tee that tbe 
dijet analysis can be applied to a 2 TeV LRM Z' at the SSC provided the integrated 
luminoeity available i. increased to about 25 /,,-1. Zits of somewhat reater mass 
would appear to be quite hopeless requiring more than 10 standard yean of running 
to accumulate adequate statisties. At the LHC, however, we tee from Fig. 3b that the 
factor of 10 larger design luminosity may allow us to use R as a model discriminator 
for muses approacbing 3 TeV in the LRM cue after a few yean of running. (It i. 
important to note that the slopes of the LHC curVe:I are steeper than those for the 
SSC due to the LHC's lower value of .ji.) Figs. 3c-d show a very similar story for 
the SSM Z' since its production eross sec:tion is comparable to but slightly larger than 
that for the LRM. For the ALRM Z' case, shown in Figs. leof, tbe situation i. entirely 
difFerent bowever. We see that R can probably never be determined at tbe sse, even 
for a Z' mass of 1 TeV, due to tbe small cross sec:tion (although &Il upper bound might 
be obtainable). At the LHC, 1.1 TeV Z' arising from this model misht be probed after 
several yean of running but (or larger masse:l our dijet technique will surely fail. 

The situation for the ER5M is not qualitatively dift'erent from the ALRM case, 
as one misht expect, but is still somewhat sensitive to the value of the parameter ,. 
For the x-type Z', we see from FiS. 41. that the sse with an intecrated luminosity 
of 100 /6-1 jUlt barely manaSes to satisfy our 'minimal' criteria constraint, which il 
why R was perhape not u precilely determined u well &I we would have liked in 
the discussion ahove. Larger Z' muSe:l are dearly hopeless at the SSC. At the LHC, 
from FiC. 4b, we tee that the couplings of .. 1 TeV Z~ has a reasonably good chance 
of being probed by the present dijet analysis after only 2·3 yean of running at the 
canonical luminosity. Larger masses seem to be essentially impossible. As ooted above, 
the X cue is realistically the most optimistic of all the ER5M. To show this explicitly, 
we consider a dilf'erent ER5M which has often been discussed in the literature, called 
". (This correspond!! to choosins t.he p"rll.ml'!ter 9 = COlJ-1J5j8.) Fiss. 4e·d show us 
directly that for a 1 TeV Z~, neither collider will be able provide us with coupling 
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Fig. 3: Liaes of constant SI..fB in the luminosity.Z' mass plane. From bottom to top, 
tbe Iioes correspond to SI.JB -2,3,4.5,6, and 7 for the LRM at the (a) SSC and 
(b) LHC, for the SSM at the (c) SSC and (d) LHC, or for the ALRM at the (e) sse 
and (f) LHC. 
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Fig. 4: Same as Fig. 3 but for the ERSM .'( at the <a> sse and (b) LHC, and ror the 
ERSM" a the (c) SSC and (d) LHC .. 

information with less thaD a decade of runnins! This clearly demonstrates the shortfall 
or thill technique, i.e., it CaD only be applied ror relativelylisht ZIts and even then only 
for certain duses or EEM in which tbe Z' has relatively strong couplings to fermion 
pain. 

Once a new particle ill produced at the SSC/LHC, our work is just besinnins. 
We must SO beyond discovery aDd be able to determine just what it is that has been 
round. Although the procedure that we've described above cannot be used for a Z' 
orisinating rrom aD arbitrary EEM if it is overly massive, it does add an importaut 
ingredient into the mix or techniques with which the ZIts couplings CaD be probed at 
hadron supercotliders. 
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