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I. Introduction 

This document must besin with a few words of explanation. I write it not 

aa an experimental physicist proposing to leM a pfO!ram of measurements at the 

SSC. Instead, ( write aa a theorist interested in seeing the proposed detector and 

phYlica meaaurementa done at the sse. It should be clear that I view thill subject 

as important enough to warrant the effort on my part 80ing into producing this 

tome. It Ihould also be clear that nothing will happen unless memben of the 

experimental community come forward and do real work to see whether the ideas 

contained herein are lOund and that the physics is indeed worth a dedicated effort 

at the SSC. Therefore this document is directed more toward the experimental 

community than the sse Laboratory. However, lince initial encouragement (or 

discourasement) by the laboratory is evidently very important, this document also 

contains lpecific requests addressed to the sse Laboratory. 

The basic reasoning behind this work stems from the fact that hadron collider 

physics il much more of a program than an experiment, in contrast to electron

positron coIlider phYlics, which is more of an experiment than a p'i'ogram. This 

feature nowadays tends to set IOIIt in the increasingly focuued atmosphere of the 

race to discover the BiW particle (or ita alternative). In particular, in hadron 

coIliden not all events can be scrutinized and selectivity is very important. And 

there is very important physica to do at all mass des, not only the highest. It is a 

folk theorem that any kind of hard-collision physics which exists at lower ener8ies 

will exist at higher energies with bigser yields and better signal-to noise. Thus 

B-physics at the SSC is superb; W and Z yields per collision are much larger than 

at the Tevatron, etc. In addition the physics at the very lowest mass scales, the 

log-s physics, haa suffered from lack of attention at energies higher than attained at 

the CERN (SR. And there is ample reason to believe that novel phenomena should 

appear at the SSC energy scale. The evidence comes from the known limitations 

of QCD theory to deal with high energies at low intrinsic mass scales and from 

cosmic-ray data. 

Therefore I believe that it is appropriate to seriously consider as part of the 

SSC physics menu a detector optimized for the lowest mass scales rather than the 

highest. It should at the very leaat do a good job in measuring the small-angle 

leMing particles, and for this reaaon alone tends to be a device quite distinct from 
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the generic detector designs such aa the SDC. This follows from the apparently 

unavoidable neceuity of moving back the final-focus quadrupole magneta, leading 

to a serioull diminution in luminoeity, of order a factor 100. Such a device may not 

even be compatible with doing an !lptimal job on B-physics, and luch a constraint 

is specifically absent in my thinking here. Instead (see the detector aa a lurvey 

instrument, one that coven all of phase lpace (this means paeudorapiditiel up to 

± 12 or 10) reasonably uniformly. AI a lurvey instrument, however, it cannot be 
expectetl to be optimal for a typieal lpec:ific physica goal. But it could wdl be 

optimal for the serendipitous phYlica discovery that is not in anyone's design book. 

I haaten to add that the priority for the high-maIJI seale physica remains in

contestably highest, and that in my opinion an optimal job on B-physics may well 

be higher priority aa well. However, were one to stop there, 10 much physics would 

be missing that I feel very strongly that neglecting the remainder would be a big 

mistake. After all, in an SSC year 10' complete events out of a produced IOU 

would be recorded by such a detector, and it seems extremely arrogant to aasume 

that there is no fundamental information to be gailled by careful study of such a 

lample. And the information per event from this detector would be far greater in 

almOllt all reapects than that acquired by the generic detecton. 

One Ihould allO take note that, just aa the high-Pc generic detectors will garner 

much useful information about low maIJI scale phenomena, the converse is allO 

true. The capability for discovery physics of this detector il very high up to maaa 

scales of 100 to 200 GeV, and might exist well beyond that, especially were SSC 

luminosity to increase'to IOU. Thus, while the main justification for this device is 

its capability at low maaa leales, the "hidden agenda" of higher mass scale physics 

is considerable. 

The baaic criteria for the detector I envisage include the following: 

1. There should be full acceptance in phaae-space (the Icso variables" and 1,6) 

For example a 10 TeV 11'8 with 300 MeV transverse momentum should be 

detectable, and its four-momentum measured accurately. 

2. There should be good, reasonably uniform sensitivity over all this phase 

space for momentum measurement of charged particles and .. o's, provided 

their transverse momenta are not too larse. 

3. The physica of diffractive proceaaes (Pomeron physica), i.e. the physics of 
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event structures containing "rapidity gaps" (regions of " into which no par

ticles are produced), must not be compromised. 

These criteria are for me essentially non-negotiable, whatever one may think 

of the physics value attached to them. They for me define what is meant by the 

words "survey instrumentw• Highly desirable but to me negotiable are 

I. Full muon coverage and momentum measurement over all phase space (pro

vided PI is not too large). 

2. Good efficiency over all phue space for detecting vees and kinks from K
" 

A, E, S, etc. (at low PI). 

3. High quality microvertex coverage over all the relevant phase space for charm 

and bottom decay vertices. 

4. Nondestructive particle identification (Cerenkov, TRO, ... ) wherever possible 

in the phase space. 

In the architectures that I have looked at, this latter criterion may be com

promised, but I am not. sure of this. Howe~r, in any cue hadron calorimetry 

certainly is compromised, and is left (for me) as low on the priority list. Never

theless hadron jet studies may well be accessible up to the 100 GeV or 80 scale by 

one-by-one reconstruction of the individual charged and neutral tracks comprising 

the jet. 

The architecture of the detector will be discussed in Section V. It is essentially 

two full-acceptance 20 TeV fixeci-tarset epectrometen face-to-face. Since spec

trometer length tends to scale linearly with incident beam energy, this means that 

each will be of order 20 times the length of a Tevatron fixed target sPectrometer, 

or about one kilometer. The transverse dimensions remain invariant, although for 

practical reasons I bias toward compactness, with diameter less than a meter. 

The spectrometer further divides itself naturally into five segments. The "cen

ter" , covering rapidities up to ± 3 or 80, is a compact barrel detector with end walls, 

perhaps on the scale of CLEO or AMY. The "right-wing" and "left-wingW segments 

are fixed-target style devices of length 50-100 meten covering" from roughly 3 to 7. 

Designs of these appropriate for SSC conditions exist in the context of B-physics 

initiatives, such as BCD or SIT as submitted to the SSC. There also is a nice 

design to be found in the 1987 Berkeley summer study proceedings. 

Ii 

Beyond these sectors are the "radical-right" and "radical-left" wingH of the 

device, extending from about 100m to about 1 km. In the front portions of these 

sectors must be the final-focus magnetic elements, but with enlarged apertures 

(10-30 cm diameter?) in order that they may al80 serve as analyzing magnets 

for the fast forward secondary particles of energies of one TeV and upward. This 

greatly increases the length of the final focus system (100m of magnets), /lot to 

mention cost, and probably leads to decrease of luminosity (relative to a standard 

"intermediate-luminosity" collision region) as well. However, other than this com

plication, the amount of detector instrumentation needed for these sectors lleelDS 

relatively modest. 

It is essential that this detector not share a collision region with Ii higher

priority experiment, if only because of the compromised luminosity. To file there 

are other important reasons as well, namely that if lower priority physics is aU ached 

parasitically to a higher priority project, it can simply end up never being done. 

Witness the fate of minimum bias physics at COF: who in that collaboration is 

going to opt for that? If the lower priority physics is to be done at all, it deaerves 
a dedicated effort. 

A corollary is that if this physics is to be done at all it should be done well. 

SSC collisions are too precious to deserve anything less than that. The above 

description should make it clear that the complete spectrometer that I am talking 

about is big, not small; I guess a coet of '35OM and a team of a few IlUndred 

physicists for the full de,teCtor. On the other hand the device is very modular 

and stageable, and therefore can start small and not be fully instrumented, if 

necessary, until yean after SSC commi88ioning. The natural starting point for the 

first stage is construction of the radical-right and radical-left sectors, the cost of 

which is probably dominated by the final-focus system (S20-30M??). Even with the 

moet rudimentary supplementary instrumentation, a lot of first-generation physics 

would be accessible. Therefore the big cost of the ultimate device need not enter 

into the cost competition for the other higher-priority first-generation proposals. 

The overall scale of the tint-generation experiment need not be much different 

from a sizeable Fermilab fixed target experiment. More on this question can be 
found in Section VI. 

It seems to me that having the beginnings of tbe full detector in place at SSC 



commi88ionins has enormous advantages in setting an early look at not only the 

senefic physics, but also the nontrivial problems of backsrounds, radiation dam

ase, etc., so that the ultimate device could benefit from early workins experience. 

Therefore deferral in initiating this enterprise until the second generation of SSC 

experimenta, e.g. waitins for bypusea and new colliaion halla to be developed, 

seems to me very unwise. Thua it is none too soon to actively con8ider the pros 

and cons of this approach. 

What are the problems with this? The biDest seem8 to be 8imply the physics: 

is it really intereslins enoup to jualify lOch a detector? To me the answer i8 self

evident. But I have had thia idea for sonte time· and from experience I have come 

to realize it i8 not at all evident to experimentali.ts, who nowadays tend to prefer 

minins SOld to pnS fish ins. I therefore have pe to some length in documenting 

in Sectionl II-IV some of the poaaible phy.ics topica of .pecial interest. However, 

they do nol address well enouSh the Itrensth of thi8 detector in intangibles. The 

intangiblea include a look at a vast unexplored area of Itrong interaction phenom

ena which are out of theoretical control. They include the fact that the modularity 

of the detector ahould allow relatively quick adaptability to chanses in physics 

interest. And the full acceptance of the detector combined with its considerable 

sensitivity may make the serendipitoul diacovery potential especially high. But 

there are no paranteea. 

The next bissest problem is whether it can be built. Are there insoluble 

technical problems in the way? The worries include 

1. Bacqroundl from boles in calorimeter walls, beam-gas interactions, beam 

halo, etc. 

2. The beam-pipe desip is difficult; a 1 mrad particle soing through a 1 mm 

pipe IeeI a meter of material. 

3. Even with luminosity reduced a hundredfold relative to seneric detectors, the 

1 km endwall electromapetic calorimeter hll a radiation-damase problem. 

4. Can the detector optics be made compatible with the machine laltice? 

think so, but I have no detailed demonstration of that. 

More diacu88ion of these worries can be found in Section V. 

The bottom line ia that the next step, if there is to be one, is a round of 
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serious 8ludy and 8imulations by interested experimentali8t8. Only this can serve 

u a basil for creatins a more seriou. preliminary desisn, and for initiation of work 

leadinS to a real proposal. But interested penona MUST come forward. If they 

do, I will be happy to Itay on board until the enterprise is underway. AntI while 

I do not want to convert to full-time experimentalist, I obviou81y would welcome 

a continuillS involvement at the "pfather- level, were this to be the wiah of the 

collaboration. But if nothins happenl within this year, I am not prepared to do 

anything more on thi8 by myaelf. 

II. Physics: Final States Containing Rapidity Gaps 

1. Preliminaries: where thing. are in phase apace 

Becallee many of the virtues of a full-acceptance detector have to do with the 

structure of individual events in phase space, it is appropriate here to first review 

what phase-.pace at the SSC look. like. The moet useful variables to describe the 

coordinates of a particle or jet are transverse momentum (in masnitllde), azimuthal 

angle phi and (pBeudo-)rapidity 'I, defined u 

'I = -log tan 9/2 

These are just the (hopefully) familiar lego variables. The minimum production 

ansles of the futest secondaries are of order tens of microradian8, implying a 
I 

(fuzzy) boundary of the lego plol of 

1'11<10-12 

or 22 units of 'I available. Fisure 2.1 exhibits where various physics landmarks 

fall, u well u how the coverase of the major seeton of the detector are rouShly 

partitioned. It is dear that the radical-right and -left seeton do not deal with 

very high-", secondaries, and they will not deal with high multiplicities either. 

The other three, however, are needed for full coverase of intermediate mass 8cale 

phy.ica, especially when one considen that relative to the mean-value boundaries 

depicted in the fisure, two or so more units of rapidity beyond the boundary are 

required to efficiently capture the decay products of the systems of inlerest. 
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Fi,ure 2.1. Where thinp are in phue .pace. The .ubdivilionl indicate the 
acceptance repOlll 01 annul., electromapetic calorimeter w"le. u clelcribed in Section 
V. 

2, "Soft" Pomeron exchange, lingle and multiple 

We take u a definition that elutic Icattering proceeds by "exchange ( 

Pomeron", The final It ate il two particles separated by a rapidity gap of 

units or so, We use the lame words for lingle dift'ractive dissociation. The n 

diltribution of the excited sYltem il 

da 
m elm = constant 

10 that the event topolOS)' il U Ihown in Fig. 2.2 with uniform probability 

finding the boundary-rapidity anywhere. Double dift'raction likewise il expecte 
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diffraction. (b) double dill'raction. (c) Pomeron-Pomeroa abmrption (triple dill'raction). 
(d) diffraction di.oc:iation or Pomerona via Pomeron exclaanp (quadruple dill'raction). 
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81ain occur with a uniform distribution of where the boundary rapidilies occur. 

The minimum width for a sipific:a.m rapidity sap ill of order 2 to 3 units, in order 

to reduce PoilSOn 8uctuationa in multiplicity to a reuonably small level. 

There ill enoush phue IIpace at the sse for 3 rapidity gaps in a aingle event, 

taking into account that a dividing region between gaps muat. also be at least 2 

to 3 unita wide. Not only can one atudy Pomeron-Pomeron collision a, whatever 

that means, but aIIo dilfraction excitation of Pomerons via Pomeron exchange. All 

theae ttOIII aec:tiona ahould be quite large. 

The mOlt hiShly developed deacriptive formalism for this class of processes is 

the Rqgeon calculus and R.egeon field theory developed mainly by Gribov and 

the Leninl1'ad group~ The aubject ialargely moribund at preaent for two reasons: 

it needs to be data-driven to make further propea, and it also needs very large 

log I to make the asymptotiCl work. There are many theoretical il8uea and many 

programl of measurement that can be enumerated, but rather than do that here I 

prefer to only comment on the central phyaiCl il8lJe1 as I see them. 

The main queation for me in thillubject il what the basic physics of highly 

inelastic soft dilfractioo (large diffracted masl, low Pc secondaries) ia. There are two 

different waya of viewing the Procel8, ,,-channel and C-channel. In the ,,-channel 

viewpoint, an optical picture predominatea: tbe aundry partl of the projectile 

wave function lulfer dift"erinS amounta of absorption in pa8linS throush the other 

projectile; c:onaequently ita wave function has overlap into excited Itatea. Thill ia 

the orisinal Good-Walker picture, elaborated now in Glauber theory and eikonal 

deacriptionl.
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In the '-channel picture, one viewl the Pomeron as quite similar to a 

vector particle beins exchanged, a view justified if the Pomeron can be represented 

by a pole in the complex ansular momentum plane. Thia viewpoint, nowadays 

advocated by Donnaclaie and Landlhoff
4 

and expressed in Regeon calculus, is 

allO quite defenlib1e and il not neceaaarily in conflict with the .-channel view, 

although it il far from obvioul to me that there il compatibility. 

In any cue diffraction dil8OCiation of a tuset proton, as viewed in its fixed

target. reference frame, clearly exhibitl that the Pomeron delivers energy and mo

mentum to the It ruck proton in large amounts, and one mUlt be able to decide 

what t.he quanta which carry the four-momentum &re. Hard colliaionl, to be dis

euaed in t.he next lubsection, il one way, as pointed out by Ingelman and Schlein~ 

II 

Another is the aforementioned diffractive excitation of the Pomeron itself. 

Here I offer an opinion on the structure of this "soft" Pomeron. It is simply 

the disturbance of the chiral vacuum condensate of quarks and antiquarka by the 

conatituellt quark moving tbrough it. Thil il an ancient viewpoint, although the 

words have been chosen to be as modem and t.rendy as poIBible. What does it 

mean? I take the conatituent quark to be a Imallish object of radiua O.2-0.3f 

which obtaina itl m&18 of 350 MeV through lpontaneoul eymmetry breaking of 

the strong interaction chiral eymmetry. This eugeate it. should couple etrongly 

to the collective excitations of the chiral condeneate, better known as pions, up 

to mass scalea of a GeV or 10. This picture, due to Geor«i and Manohar~ and 

recently advocated by Weinberg: luggesta that at this I GeV scale the relevant 

degrees of freedom are indeed constituent-quark and pion. The implication here 

is that the soft Pomeron really should be eimilar to the pre-QeD picture based 

upon the multiperipheral model (the mlJltiperipherailadders of Amati, Fubini and 

Stanghellini~ with rungs and sidea built of pions.). 

Modern work emphasizea a Pomeron "ladder" built from perturbative gluons~ 
It is my opinion that thie Pomeron-the "hard" QeD Pomeron-plays its mOlt central 

role in the phenomenon of multiple-jet production (minijets) at extreme ener«iea. 

And until it ia clear how extensionl of perturbative QeD account for the chiral 

aymmetry breaking, I find it prudent to keep the soft and hard Pomerons as diatinct 

ent.itiea. I will return to phenomenology involvins hard Pomerona only in Section 

III. 

So far there has been little allusion to what the prosram of concrete measure

menta should accompliah. They should include incisive teats of factorization of 
vertices in the Rege-exchange diagrams, and measurementl of the basic parame

ters of Pomeron-proton and Pomeron-Pomeron total and diffractive cross aectiona. 

Qnhanced glueball and heavy flavor yielda in Pomeron-Pomeron colliaionl have 

been auggested by some people, and this deaervea a search (although according to 

the point of view expreued above there il no particular reason for IUCcesl). And 

there is a more aubUe level of measurementa sugested by R.egeon calculua as well, 

bu& I am no expert on them and will attempt no elaboration bere. 

12 



3. Soft Pomeron. and hard proceesee 
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Fil'lre 2.3. Event structure for a hard collision of a pomeron with a proton: the 
produced jet. are coplanar. 

Because the exchanged Pomeron delivers large amounts of energy and momen

tum, it ehould be poIIIible to determine what the carriera (partons) are. One way 

was euggested by Ingelman and Schlein: namely deep inelaatic processes initiated 

by Pomerooa. In that case the event morphology is .hown in Fig. 2.3. One may 

view thie as the collieion of a parton in the Pomeron with another in the proton, 

producing a pair of coplanar jets in the final state. Indeed the process itself al

lows the operational definition of a parton distribution for the Pomeron, although 

there ie no guarantee that thie distribution ie independent of the parameters of the 

proton which emitted the Pomeron. 

Some ISR data existe:' establishing the existence of the process and the proba

ble softnesa of tbe leading parton di.tribution. In principle excellent measurements 

can be made by CDF, but 80 far this program has suffered from low priority rel

ative to Wand top phyeice. A big boost should come from IIERA, II which will 

measure the classic electromagnetic structure function of the Pomeroll (virtual., 

+ Pomeron goes to hadrone). I think thie entire program is of central impor

tance in elucidating the nature of the soft Pomeroll and deserves a considerable 

experimental effort. 
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I have a simple guess as to how these measurements are going to COIIIC out. 

The rule is simply that provided the edge of the rapidity gap is far from the 

produced jets, the ratio of the dijet cross eection with the rapidity gap prt.'Sent to 

the dijet cross section without the gap present is the same as the corresponding 

ratio when the jets are not present, i.e. for low·", final states. The reasoning 

is based upon viewing the proceae in a frame where low momentum scwndaries 

would be in the center of the rapidity gap. Because of the gap, there are ollly a 

collection of fast right-moven comprieing the diffracted system without jets, alld 

the fast left-moven from which the coplanar dijet will emerge. But it takes a 

time proportional to that dijet momentum (at fixed ",) for that system to evolve. 

However the "decision" tbat no low momentum particles be emitted musL occur 

much earlier, and it is hard to see how the eventual emergence of a dijet from some 

point on the outbound left-moving pancake can influence that "decision". Now 

the reader may well be perplexed how this argument is related to the previously 

described parton diatribution of the Pomeron. At this writing I do not understand 

the relation myself. But maybe thie example can help provide a feeling for why 

this eubject has an alluring subtlety for the theoriet and, I would hope, for the 

experimentalist as well. 
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Figure 2.4. Coplanar jell which .pan a rapidity gap: how often doee this happen?? 

Another interestillg process ie closely related. Coneider a two-jet filial state 

where the jell are coplanar but have a very large separation in rapidity, so large 
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that a rapidity ~ap fits in between (Fi~. 2.4). What is the probability of a ~ap 

being preeent? I am aware of no theoretical discu.ion of this pouibility, and have 

no Sood pea of ill frequency myself, except to expect that it will be much smaller 

than for the Inselman-Schlein confisuration described above. The re&lOnin~ is that 

lingle stuon exchange implies octet color separation between the out~oin~ systems. 

The accepted lore has the final-state evolution to be the luperposition of two color

triplet confiprations aeparatins from each other, in other words a final state very 

aimilar (but with rouShly twice the mean multiplicity) to an e+e- annihilation 

finalltate. In the latter caae there are no rapidity sapa (except for "hi~her-twist" 

sapa which are exponentially auppresaed as sap width increuea). If thil ar~ument 

il correct, then the only way of settins the saP is to exchanse an extra ~Iuon, 

which mUlt carry with it a considerable price in probability. Probably the best 

way to set a Sood anlwer is to do the experiment. In principle it should be easy 

for CDF to do. And as we shall Bee, this procea il a potential background to more 

intereatins measuremenll. 

Cioaely related il the question of double-parton collisions, i.e. two binary hard 

collisions oceanins in the same event. There exilt aome experimentalltudies of 

thil, with reaultl rather inconclusive as yet. When better data arrives it will ~ain 

be intereatins to Bee whether there is any fraction which contains a rapidity ~ap 

between the pain. 

4. Sinsle and double photon exchanse 

The reader may well be not impresaed with the above physics menu all by itself: 

it il Sood IOlid physics to be lure, but is it really worth the investment of an SSC 

collision resion? In the next sectionl we explore phYlica which is more fashionable 

but has in it event ItructUres with rapidity Sapl. The cross-section and background 

estimates will have their uncertainties. But the bi~t uncertainty will be directly 

traceable to the lack of undentandin~ of the Pomeron phYlics dcacribed above. 

Undentandins it illOmethins of a prerequisite to the physics that follows. 

The main thrust of the followins sections il to use event Itrudure, in particular 

rapidity sapa in concert with jet structure, to greatly suppress backsrounds for hard 

procesaes involvins coIlilions of photons and/or W's and Z's with each other. The 

idea il I believe due to Khoze~2 a1thou~h to my knowledge there bas not yet been 

much detailed development of thil very promisins approach. 
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Fisure 2.5. Feynman diasram and event .trudure for a photon-eJlchanse proceea. 

The rapidity lap is _med here to lurvin at.orptioa dedi caueed by inkractioRl of 
Ipedator par&oDl. 

We begin with sin~le photon exchan~e, which naively is described by the Feyn

man diasram shown in Fi~. 2.5. The event structure from this naive contribution 

is also shown in the figure. It has the ~eneral features of double diffraction, in

cludin~ (for dz/z parton distributionl) the feature of uniform distribution of the 

position of the ~ap boundaries in the leso plot. However, at the ed~e of each sap 

there will be a "tagsins jet", with PI = 9, where 9 is the tranlverae momentum of 

the exchan~ed photon. This is a simple but quite important feature of what can be 

called HERA kinematichj in coIlider mode deep-inelastic final states are distorted 

relative to wltat one is used to in fixed tarset mode. 

Another important feature of the final-Itate morphology follows from only the 

assumption of a uniform rapidity diltribution of produced hadrons in the usual ems 

frame of proton and virtual photon. A Itraishtforward but tricky Lorentz boost 

leads one to the conclusion that if the footprint of the tagins jet is taken to be a 

circle with the standard radiul R = 0.7 in the lego variables, then the boundary 

of the rapidity ~ap should be taken as tansent to this circle. The mean number of 

hadrons per event leakin~ into the sap can be shown to be 

(n) = ! tiN e-2R 2., 
UI 



which for dN/d" = 4 is about 0.5. We call this configuration a tagging jet at the 

edge of the gap. 

While the cross aection for these events i8 considerable, there is potentially 

a much larger background of event8 from Pomeron exchange. Dijets from gluon 

exchange at the same p, but with no rapidity gap are 105 times more frequent. 

The dangeroul configuration, however, il the one di8cussed above which was so 

uncertain; furthermore one has to determine whether the jets easily approach the 

edge of the gap and can be candidalea. Advocates of a '-channel Pomeron picture, 

IUch as Donnachie and Landsholf, may find a big background, but as yet this is 

nearly uncharted theoretical territory.ll 

An additional problem is whether to believe the cross section estimate based 

on the naive Feynman diagram. If any of the spectatorl in the hadrons choose to 

undergo soft collilionl, the rapidity gap will be filled in. We return to this question 

in the final subaection of this aection. But the estimate there gives a mean 8urvival 

probability of about 20%. This is in my view a not unreasonable guess, but olle 

which is near the upper limit. 

Even with the lurvival-probability put in, there would be 10 to 100 events 

per sse year (1038 integrated luminosity) with q2 in eXce81 of 105 GeV2. These, 

however, would lulfer a large background from W and Z exchange. 

In any cue, it is not very clear how much phyaic8 intereat there is in this 

process, especially given that ita normalization is made uncertain by the large 

absorption correction. More interesting is the two-photon process. We consider 

various final states in turn: 

0) -y + -y -+ p+ + p- . 

The event structure (Fig. 2.6) il a rapidity gap with two tagging jets at the edges 

and a dimuon pair (isolated) within the gap. The signature looks very good, and ita 

virtue is to provide a precise measure of the absorption correction, since everything 

else is calculable. 

6) -y + -y -+ quark pairs. 

This is the structure function of the virtual photon: The final quanta are predom

inantly uU and d. The attainable pair muses go up to about 50 GeVj hence there 

could be lOme very significant QeD tests performed on this sample. This is a 

17 

o 
, 

•• . " ' .. 
-to 

r· .. , 

• • • .. • 

..--

• • • • , , 
• , • • • • • . , 

S It> 

T"at~ t 
FiIU", 2.6. Feynman dialram and event .tructure (or the two-photon proCet18 1 + 

-y-p+ + 11-. 

classic QeD process for which the theory is reputed to be especially dean.H The 

event topology is two rapidi~y gapa with tagging jets on all four edges. There could 

be a big Pomeron background, but if so that would alto be intereating physics. 

c) -y + -y -+ w+ + w- . 
No question: this process is interesting. Because the cross aection is dominated by t 
and u channel W exchange, a rapidity gap can develop between the produced W's, 
leading to impressive event topologies as shown in Fig. 2.7. I have estimated the 

number of events with these topologies per sse year (including the 20% survival 

probability of the rapidity gaps) to be of order 30-300, although careful work is 

needed to get an accurate number. In any case, the number is probably too sJII.JI 

to really probe the sensitivity level of TeV-mass-scale WW physics, unlelis the 

luminosity eventually well exceeds the as8umed value here of lOll. 

From a more general viewpoint, the 7-7 cross aection should be of order 100 
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Fil1'fe 2.8. Eyent .butture rOf the procaa 7 + W -+ W with W -- 99 .. umed . 
Note tile even chule of the beam jet and the odd eIIafle of the W decar produd. 
provide IiIDatule8. 

picobarns or larger in order to garner 100 events per sse year (at 1031 luminosity). 

Ii. Single and double Wand Z or ., exchange 

Evidently there are intereating rates for processes involving Wand/or Z ex-
I • 

changes &8 well. Single W-exchange event. occur at a rate of 1000 per sse year, 

but it ia not clear to me what one doe! with them. 

Again the two boson prOCeBIIeII look more interesting, and we again enumerate 

a few of the posIibilities: 

a) 7+ W -t W. 
This i. quark-W Coulomb scattering. A rough estimate gives about 100 per sse 
year. ThL physics i. unclear, although one gains a very clean sample of isolated 

W's, which might yield a good mall measurement. The .ignature to me looks 

pretty good (Fig. 2.8). 

In fact thi. i. a good place to mention another taging atrate&)' which in 

principle might eliminate Pomeroll badpounda. The beun jet. connected to the 
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W has even charge (0 or 2) while the backsround jets have odd, unit charge. 

Therefore a count of the number of chused tracks in the beam jet can tag the 

W-exchange events. The typical charged multiplicitiea are not 80 large (of order 

10) and all the tracks are of small ansJe and high energy, and should be intercepted 

by the planea of smoon strip detectors inaerted within the beam pipe. It seems to 

me not out of the queation that efficienciea per track in exceas of 97-99%, which 

is what ill needed, might be attainable, eapecially since there are a plethora of 

dilfractive eventll on which to practice. 

b) W + W -+ Z 
W+W-+q+q 
W+W-+W+W. 

Were there not the LEPII program, the first reaction might be interesting. The 

seoond reaction ill intereating only inasmuch as it is IIUppreaaed because of the 

virtuality of the exchanged W'II. It is an unweloome background for the Higgs 

production proceaa to be discussed next. WoW scattering is certainly interesting, 

but I eatimate the number of events per SSC year is order 10, and these are 

essentially just WW Coulomb scatteR. I suspect that these hold not much interest 

unleas the luminosity is oonsiderably higher. It will be important to carefully 

determine what conditions are needed. This ill eapecially true when the tagging

jets have PT < mw, because the very intereating longitudinal W's predominate 

over the transverse W's (I am indebted to Stan Brodsky for this remark 15 ). 

6. Intermediate-mass Higgs search 

Theprocesa 

W + W -+Higgs 

ill of IIpeciai intereat in the intermediate mass range of 100-160 GeV. The event 

topology is shown in Fig. 2.9 and consillla of two rapidity gapll, 4 jets on the edge!! 

of the gaps, the two central jets being b + 6, building the Higgs mass. The usual 

backgrounds from gloon fusion are eliminated by the tagging jets and the rapidit) 

gap. If necesaary the beam-jet charges might provide another signature. And thf 

b's in the jets are hopefully efficiently tagged with the microvertex system. Tbf 

irreducible backsround comes from b + 1» production by the W's, although thil 
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background is suppressed, as already mentioned above, by the large virtuality of 

the exchanged W'II. 

While this strategy cannot be found anywhere in the Higgs-hunter's gllide,I6 

useful crosll section eatimatea can. These must be oorrected for the requirement 

that enough phase-space for, the two gaps plus Higgs products exist, and for the 

factor 5 for absorption. A rough eatimate, based upon a IIpacing of the two quarks 

which initiate the hard procesa ("holea") of at least 15 units of rapidity (the cost is 

a factor ) 2), still gives an eatimate of the number of events per SSC year of order 

30-HJO. The yield versus mass is shown in Fig. 2.)0. 

It cannot be claimed that this detector ill ideal for a search using this strategy. 

But it doesn't do 80 badly, and this example may help indicate the outer limits of 

discov~ry potential possessed by it. 

7. Survival or the rapidity gapi absorption corrections 

This lIubsection is essentially a short appendix. It is included because so many 

of the above estimates are dependent on the notion that the absorption corrections 

are not too large, i.e. the spectator interactions do not fill in the rapidity-gap 

22 



1 0 

t}JH (GeV) 
1~---4-----+-----r----~~ 

o 

Filule 2.10. Yield of Hi", even" per sse rear (f'1lI = lo-cm-') wiLh lhe 
rapidilJ-Cap \opoloCJ of rae. 2.' venUI m_. 

present at the naive level of calculation. We estimated a survival probability of 

about 20%. and here ill presented the buis of that eatimate. 

At the naive level o( calculation, the hard crOlll section is a convolution of 

parton denllitiea in tbe tran.verse, impact plane: 

CJ.aift = c f cP6p(6)p(B - 6) . 

We assume that the hard cross section including the absorption correction is simply 

obtained by writing 

CJ = c f cP6p(6) p(B - 6) IS(6)12 

where IS(B)21 ill the tranllmission probability o( the two protons at impact param

eter B. The above (ormula ill justified if and only if the parton. are an uncorrelated 

"gu"j we come back to thilialer. 

Now we assume the transmiuion probability is of eikonal form, as is tradition-

ally done 

IS(B)12 = exp-" f d26P(6)P(B - 6) 
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with the convolution o( densities the same as before, and normalized to unity at 

B = O. The quantity", the "central abeorption", i. (ound (rom fit. to elastic and 

total crOlll section data, and i. known to rise .Iowly with energy, with an extrap

olation to SSC energies giving roughly 5 (I have not done a careful study of the 

calculations, but have benefitted (rom communications with R. Cabn, B. Margulis, 

and F. Balzen). 

Then it is a straightforward calculation to show that, with Gaussian densities, 

the ratio of corrected to uncorrected CIOl8 section. is just 1/" (or large II, and the 

rough value of 20% (or the survival probability is thereby asllured. 

lIowever the assumption of uncorrelated partonll ill .uspect. For example if 

the proton were built o( three IImail black-disc con.tituent quarks, one can readily 

see that the calculation changes a lot. What is needed ill a lot of gray area in the 

impact plane where absorption ill present but not complete. Thi. ill moet likely 

true, especially Cor my preferred view o( the Pomeron u related to the disturbance 

of the chiral condenllate around the constituent quark, because the .ize of that 

disturbance is measured by the Compton wavelength o( the pion. So 1 consider the 

(actor 5 a very reasonable estimate, but still (ar (rom being a solid prediction. 

III. Physics: Nondiffractive "Soft" Processes 

1. Conventional studies 

The physics o( nondifr,active son processea is evidently already a well-developed 

subject at all available energies: it's what happenlll Thi. ill c1u.ic minimum-biu 

physics, and it is not my intention here to enumerate a long list oC topics, which 

Corm the table oC contents in conference proceeding •. Nevertheless, there has been 

only the most spotty experimental.urvey oC the lIubject at contemporary collider 

energies, in part because of priorities but also because oC limited accept alice and 

lack o( particle identification. Large Feynman z used to be the (avorite arena 

(or measurement.; now there is nothing. And this is the (ragmentation region of 

the objects that really conlltitute the proton. Nook-and-cranny enterprisea such 

as VAS (It reamer chamber, no magnet) at CERN, and E735 (small acceptance 

charged particle llpectrometer at low luminosity, together with minimal tracking 

inCormation) at FNAL have provided some information. VAl and CDF have pro

vided some as well. But there i. nothing like the comprehensive lIurveys once done 
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at fixed target energies. At the high energies of the sse, the underlying physics 

is quite different, as manifested already at the SPS in the predominance of long

range rapidity correlations, IOmething not at all present at lower energies. The 

total crou section will have risen by more than a factor two, and minijets will bave 

become commonplace in the final states. So. full survey of inclusive properties, 

multiplicity distributions, their related correlation functions, etc. will deserve a 

full-scale professional study. Certainly if study of the total cross-section behavior 

is of interest (aa it seems to be), then 80 should be the study of the phenomena 
which build it. 

I will say little more about the generic minimum bias program, which should 

be reaaonably familiar. What will follow will try to emphaaize the features more 

unique to the property of full acceptance poesesaed by this detector. 

2. Fixed-target mode and the question of ,,-dependence 

For many topics in minimum-biaa physics, the question of ,,-dependence is of 

considerable importance for theoretical interpretations. The fact that this spec

trometer hu fixed-target architecture allows the acquisition of data in fixed-target 

mode, just by putting a gu-jet target in the region of the colliding beams (but 

not when they are in collision, of course). This provides data at ..,fi = 200 GeV, a 

rather good interpolation from fixed target energies to the sse (although another 

point at 2000 GeV would be most welcome). This feature is especially valuable 

in the forward direction, where particles of the same Feynman z go into the same 

spectrometer elements in both coIlider and fixed target mode. And indeed there 

are two fixed target experiments: the left arm can check the results of the right 
arm. 

3. Quark ta"inl 

One of the disadvantages of proton-proton collisions is that the projectiles are 

too complicated. Not only are they made of extended objectl called conltituent 

quarks (not to mention Itrings and/or bags), but there are three of them in each 

beam. Indeed, many find this not only disadvantageoul but downright abhorrent. 

Even supposing that the proton can be depicted in terms of an additive quark 

model, there are several configurations in the impact plane that the proton pancake 

can have on arrival at the collision point. It can be 3 transversely separated and 
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distinct quarks, it can be a quark and a diquark (one quark shadowing another) or 

a triquark. 1£ we only worry here about central constituent-quark collisions, there 

are a dozen possibilities: (1) all quarks miu, but there is an interaction anyway, 

(2) a single q9 pair interacts, (3) a pair of 99 interactions occur at different impact 

parameters, ... (12) two triquarks interact. And it is possible that these different 

initial-state classes lead to distinct final-state event c1aases. 

Witb this pletbora of pouibilities to average over, it may for lOallY purposes 

be difficult to make clean interpretations of what is going on, especially if there 

is some aspect of nonperturbative QeD involved. Therefore event tags which 

eliminate or enhance some of those dozen options might be a valuable general tool. 

One candidate is what may be called quark tagging; it is simply the observation of 

a leading (but nondiffractive) baryon, say with z between 0.5 and 0.9. For example 

if the tag is a fast neutron, then it would seem very probable that the quantum 

that interacted nontrivially was an up quark, with ita companion quarks fiying 

forward to make the neutron. With such tags, one might hope to get a reasonably 

pure sample of (constituent-level) up-up collisions. Similarly a 6 ...... tag might 

produce an enhanced d-quark ubeam." A fast forward meson and no baryon might 

indicate that two of the quarks interacted, and nothing forward, all three. Real 

life is probably not quite that simplistic, hut the strategy seems to me of possible 

high value. A starting point might be deep inelastic scattering, including a neutron 

tag, to see whether the parton distribution so obtained would be what one might 

expect from a single const,ituent up quark. (There is a theoretical formalism for 

this-the triple Regge formalism-and the measurement would be of the structure 

function of the Reggeon, probably p. While the languase is very different, I suspect 

the physics is not.) I do not know whether HERA could do such a deep inelastic 

program, and I doubt that there is any pouibility elsewherc-except within this 

experiment itself, using the large samples of gamma exchange or W, Z exchange 

events discuued in Section II. 

.c. High multiplicity 

Already there is a significant data base at collider energies and a keen interest 

in tbe origin of the very high multiplicity events seen at high energy. It is the same 

issue which motivates the heavy-ion prosram: is quark-gluon pluma produced, 

and if 80, can one find observables which indicate that it is? Of course, this is a 
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more apeculative topic in hadron-hadron collisiona, but intereating nonetheleaa. I 

prefer to think of the question in aJishtly more seneral terms than that. It is an 

experimental fact tbat very large depositions of transverse energy per unit rapidity 

do occur wben the entropy (particle-number) ia a110 very large, i.e. the energy 

Is not in hiSh-". jets. If this energy emerp! radially from the collision region 

in a shell no more than a Fermi tbick, it followa from simple geometry that the 

produced hadrons cannot be formed until the radius of this sbell is more than 5 

f., becauac otherwise the badronl would be overlapping 10 much that there would 

be no way to consider tbem u real particles. Therefore there must occur in these 

processes quui-mac:roacopic tranaport phenomena. There are two extreme views. 

The fint il staUatical; the entropy wu produced very early in the evolution, at 

a time less than If, with the produced pluma then flowing outwards accordins 

to the laws or hydrodynamics. If this occun, then the initial temperature of the 

pluma attainable in hadron-hadron colliaiona can far exceed what is expected for 

ion-ion collialonl. On the other hand, a perturbative-QCD point of view would 

have relatively little entropy produced at early timea, in the form of lOme number 

of virtual sloona. Then u the sluon branching pl'OCeB8ell evolve, the entropy srows 

exponentially, 10 only at the final stase or the expansion ia there the larse value 

obeerved in the final-state hadrons. Distinsuiahins these two extremes is to me 

the primary question. An important seneral attack ia the atudy of ftuduations, 

which are likely to be of different character: are they Gauuian or fractal in nature? 

Tbere are many other diasDOltic tools propoaed, which need not be reviewed here. 

The larse a.cceptance of the apectrometer ia clearly a uleful advantage, provided 

the hish multiplicity does not Iwamp the device. (This looks not too badj even 

for dN Id" 20 timea the mean, the average number of photons hitting a calorimeter 

wall ia only 200. Auumins I cm2 for the area or a ahower, this is only 5% of 

the calorimeter area. The situation for charsed tracks to thia naive theorist also 

Iookl no wone.) AIIO, exiatence or full acceptance would provide a meuure of 

the fraction or the energy escaping the high-multiplicity "fireball". For example it 

would be very intereatins to Bee what the maximum attainable multiplicity is in 

a sinsle quark-quark collision, usinS the fut-forward-neutron tas described in the 

previous IeCtion. 

Even more inlereating to me would be to search for high-multiplicity eventa 
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in which there are no leading particles surviving at all. Can there exist rapid

ity gaps at the end6 of the leso-plotj e.g. no secondary particles emerseut with 

energy greater than, say 200 GeV1 The moat central collision imasinable is a cen

tral triquark-triquark collision (recall a triquark is three quarks all with the same 

impact parameter which shadow each other). The frequency of tbese ia of order 

ten per ho~r. It may be that the core of the constituent quark ia quite black, be-
caule of the small-z, sluon overlap problem Been (d. Section IV) in perturbative 

QCD. So maybe it is thinkable that the quarks can stop each other, leadins to a 

"Landau initial atate". By that I mean the initial condition .. sumed by I.audau 

when formulatins his hydrodynamicai model of hiSh energy hadron collisions in 

the 1950s~7 namely that all the incident energy is thermalized and deposited illto 

a volume whose longitudinal dimension is 1/7 of the transverse dimension. Under 

these circumatances the initial energy density is enormous: 

£ = 40 TeV .! ~ 1.5 X 1010 GeVlf3 • 
.. (0.25/)3 1 

This leads in turn to an impressive initial temperature u well: 

(
15 1010 )1/4 T '" . x

2 
x 200 MeV = 10 GeV . 

However the initial entropy of 40 TeV 110 GeV Ii::S 600 (wbich in Landau hydro

dynamics is a110 the final multiplicity) ia not u impreB8ive. It ia proportional to 

the initial volume, which is amall, both because of the Lorentz contraction (which 

leads to an ,1/4 energy dependence of the mUltiplicity) and because of the amall 

aize of the constituent quark. So large central multiplicity by itself may not be an 

optimal signature. The reader is invited to speculate on what is optimal. 

I I have no idea how probable this scenario is, only that the odds muat increase 

fairly strongly with energy because the quark opacity is very likely increuins. 

One must remember that the current excitement about sphaleron·induced baryon

number violating processes would have looked much less likely than this 5 years 

ago, and that we are 10 yean away rrom these measurements. 
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i. Unusual event structure. 

There ia so much phase space per event that the search for unusual patterns 

of deposition of Pc and/or entropy (particle density in the I~o plot) may yield 

aurpriaea. Centauros are a historic example, one which ia not completely dead 

yet. The small samples of coamic-ray evenls always inspire such searches, most of 

which (but not all) So nowhere. (We return to the cosmic-ray situation in the ned 

aubsedion.) No doubt any initial aample of data would do the same and stimulate 

hisher atatialiCl searches for marsinal patterns Been initially. While the eye can be 

very Sood (sometimes too sood) in find ins unexpected paUerns, there are specific 

sUMestions made &I well. These include banda of hiSh density at a fixed '1 or 

rinss of hiSh density in the I~o plot caused by Cerenkov-like radiation of gluons 

by partons movins throush the collision debris.
ls 

There have been hints in cosmic 

ray data of multijet final atatea where all the jels lie in a sinsle plane containins 

the beam axis, and there is a tendency toward coplanarity in QCD calculationa 

&I well.
I
' So perhaps there is an event c1us with horizontal hish-density bands 

(fixed ;) in the Ieso plot. There may occur in hiSh multiplicity events nonrandom 

"Iuse-aeale structures" similar to the voids and "sreat wall" seen in larse scale 

galaxy diatributions. Such atrudures misht be a natural consequence of a first

order phase tranaition into quark Sluon pl&lma~r the fractal nature of QCD 

branch ins processes. And the leadillS resions are not immune from surprises, since 

the small-z phenomena may lead to a violent dissociation of a constituent quark 

when it is hit by an incident dense wall of sluons. 

All of the above can be easily dismissed &I mad ravinss, without getting an 

arsument from me. But to do so ia not science. What seema to me clear ia that 

too much of the QCD theory is out of control to be complacent on these questions. 

There is no aubstitute for sains out and havins a direct look. 

Maybe it is worth mentionins that it is of clear interest to repeat all such 

studies on events containins rapidity saps and quark tags. 

8. The cosmic ray connection 

There ia already a amaD amount of data available at the SSC energy scale, and 

much of the moat relevant information comes from the Pamir-Chacaltayaemulsion 

chambers. There ia a very recent aummary of the aituation?O and &I usual there 

are claims of unusual phenomena. It is important to recall that the detector is 

essentially a fine srained lead-emulaion electromasnetic calorimeter, followed by 

60 cm of carbon absorber, followed by another lead-emulsion calorimeter. Ttacre 

is a TeV scale detection threshold for the showers, so there is a strong bias toward 

observation of the leading particle distribution only. The energy scale for tlae 

primaries is 103 TeV to lW TeV. What ia reportc..-d includes 

0) Difficulty in account ins for the yield and :r-di.tribution of sammas (lr°·s) 

using smooth extrapolationa of collider data to hisher enersiea. Quite strong 

violation of Feynman seal ins ia indicated, but no one &I yet h&l a Sood model. 

b) An excess of hadron (non-.. O) energy fraction relative to what is obtained in 

simulations; i.e. there is a tendency toward Centauro behavior in a statis

tical sense, although no more smoking-sun Centauro candidates have been 

exhibited. 

c) At the highest energies, a clus of penetrating shower-clusters (hadron-like, 

not pure electromasnetic) are seen, with estimated relative Pc'. in the tens 

of MeV--too large to be electromagnetic and too small to be conventional 

hadronic. These clusters dominate the total energy of the event (they "lead"). 

It is claimed that there are too many of them to be explained as events 

originatins at low altitude above their detector. 

While item a) is credible because of the rapidly changins yield of QCD gluon 

bremastrahlung and minijets with energy, items b) and c) are more difficult, es

pecially item c), which to. ~e would require some part of the produced final-state 

system to somehow evolve into an exotic soliton-like atate of large size, which 

decays in some way which generates only low P. aecondaries. 

An attractive candidate is pion condensate formed in the wake of collitlioll 

debris, some of which is driven out alons the beam directions. If this were to 

happen, there might also be Bose-Einstein enhancement, and large Centauro-like 
., 1/ h ed' t' 21 f1uctuatlona ID neutra c arg pion ra lOS. 

I Directly addressing these questions at the SSC absolutely requires sOlllctiaiug 

like the radical-right and radical-left spectrometer aecton because all the observed 

phenomena are at Feynman :r larger than 0.04 or ao. The Chacaltaya-Pamir reo 

port 20 contain several quotea that make perfect propaganda for this device. A 

typical example ia therefore repeated here: 
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"The results of our present study indicate that the characteristics of 

very hiSh enersy nuclear interactions, near around or exceedins 10" eV, 

must be novel and cannot be accounted for with a simple extrapolation 

of our knowledge obtained throush the accelerator experiments in lower 

enersy resion. It is especially remarkable that moat of those novel nature 

of hadronic interaction are seen in the forwardmoat small angular region 

where tbe cosmic-ray observation coven in its full potentiality." 

1. The Low-pc n-ontier 

The remarks in the previoul subsection reprdins cosmic-ray evidence and its 

posaible interpretation lead toward additional implications for physics utilizins this 

detector. The theoretical implications are an unexpected byproduct of the work on 

tbis document, and at present are beinS investisated with energy and enthusiasm 

by Marvin Weinstein and myself. 

Suppoee it is really the case tbat there exists an event class consisting of a 

sroup 01 JeadinS particles witb small tranaveree momenta (leas than 100 MeV) and 

which carry tbe majority of tbe beam momentum. Preaumins tbat they are pions, 

this meana that, if this sroup of particles bu a mass of order the nucleon mass, 

they will be more or leas at rest in tbe rest frame 01 the cosmic ray projectile. A 

simple picture emerges in tbat frame: the proton at rest hu everythinl carried 

away downstream by the incident projectile except for its pion cloud (perturbed 

chiral condensate), which simply decays into soft, eemirelativistic pions. Since 

these particles are bosonic, and the process is quuiclusical, it may be reasonable 

to anticipate an atypically larse amount of fluctuation in their charged/neutral 

ratio. 

If this happens in the forward/backward resions of phase space, it is hard to 

avoid the conclusion that it will happen in the more central resions as well. If 
10, there should be at all rapidity intervals a component of the particle spectrum 

witb anomalously low pc. And it should be of not inconaequential size (FiS. 3.1). 

One misbt view this component u a perturbed, "disoriented" chiral condensate, 

contained witbin the Ihell 01 normal produced particles movinS outward from the 

collision at the speed of lisht. Becauee it is more slow-movinS, it eventually de

couplee into a "pion cloud- which decays into an especially soIt component. 
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Filure 3.1. PoMible di.tributioJlll in (a) '" aad (b) "of a hypothetical, anorn.loul 
Iow-,.,. component in the piOD indlilive dwributiona. 

There is lOme experimental evidence that this may actually happen. There 

is an excess of low pc hadrons obeerved botb in nucleon and ion collisions, with 

the strongest effect occ .. ~rins in the highest multiplicity events, a feature very 

consistent with the above picture. AIIO observed are unexplained excesses of low PI 

direct photons and electron-positron pain. These are too numerous to be accounted 

for in terms of inner brem8ltrabluns. But charp;e ftuctuatioos of a coherent, charged 

pion SU might be just what is needed. Tbere is theoretical work on the whole 

subject by Van Hove~2 who pulled qether some of tbe evidence and proposed an 

interpretation bued on ultracold quark-sluon plumL 

All kinds of measurements sugest themselves, especially tbe charge distribu

tion of this 80ft component in the leso plot on an event by event buis. Some of 

this might be doable already with existinl data sets. But this detector again seems 

especially well suited (el. FiS. 5.2) to this tuk in two respects. Low pc particles are 

efficiently identified. And even with quadrupole optics the momentum resolution 
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attainable just with the silicon trackins within the beam pipe should be compet

itive with what is attained for particles of Pc of 1-2 GeV using the full detector. 

Likewise the low p. photons, difficult to see at 90 desrees in most detectors, turn 

into reasonably energetic ones in the forward direction beyond, say, rapidities of 

four or so. We might mention that the interesting products of the pion clouds of 

the projectiles have laboratory angles of no more than 50 microradians. 

I t should be clear that if bulk chiral condensate is ill BOrne sense observable 

in hadron-hadron collisions, it is a matter of quite fundamental importance. Just 

as the relationship of the quark-gloon plasma phase to the normal phase tells us 

about the nature of confinement, this phenomenon might tell us BOmething about 

the nature of the chiral phase. Phenomena involvins the chiral phase may in turn 

be very similar to what happens in the Hius sector. Additional insights into the 

poorly-understood hadronic analogue might have quite far-reaching implications. 
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Fisure 3.2. Yield or charmed hadronau function of rapidity. alons with the number 
.cquired per sse Jell by the _iouI moduletl or the deteetor. 
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Fisure 3.3. Yield of bottom hadron ... function or rapidity alons with the annual 
yield into the modulea or the .pedometer. AIIO ahown iI the yield in lixed-tarset mode. 
A bydrosen s .. jet tarset illllUmed . 

8. Charm 

The yield of charmed hadrons into tbis spectrometer is enormous, and is shown 

in Fig. 3.2. One sees that much of the yield is quite far forward, allowing a lot of 

choice in where to concentrate one's efforts. By the year 2000, the state of the art 

should be, according to Fermilab planning, over one million reconstructed charm 

events per experiment. In addition, larse super-clean samples of comparable size 

should be available from the electron-positron tau-charm factory in Spain. Looking 

34 



at the yields in FiS. 3.2, &88umins efficient reconstruction (3·10%) and efficient 

event selection (1~1), one could perhaps improve thinp further by 2 to 3 orders 

of masnitude, impressive indeed. 

The main question is what the physics might be. The important topics, if 

any, will probably be senerated by what happene in the comins decade. Per
haps the R&rCh for rare or forbidden decay. becomes interestins, or even Cpo 

violation aearches, a1thoup it i. not the particle of choice for mOlt rare-decay or 

CP-violation aearchera. Perhapa seneric epectroacopy questions will be hot topics, 

.uch u cIIarmlesa leI1lileptonic decay. used to help normalize the correspond ins B-
decaYl-an important subject in the CP-violation world. There should be enough 

sensitivity to explore the rare epecies of charmed hadrons such as the fie (ssc!) 

or the cc:u or maybe even ccc baryone. Production dynamics, especially at very 

.mall/larse %, will draw interest, as well as charm in jeta and charm in events with 

rapidity saps. And of course charm as a taS for bottom physics, W-decays, or 

new-particle decay., would be very welcome. 

9. BoUom 

There hu been 80 much discul8ion of bottom physics at the SSC that little need 

be said here. The yield versu. rapidity is ehown in FiS. 3.3 in order to remind the 

reader where in phase space the B'. p. One should remember that this represents 

the di.tributioo of the centroid of the decay product. of the B in question, 10 that 

two or 80 units of rapidity .hould be added on to one's cbOBen cut to set good 

acceptance. Even 10 it i. clear that the radical-right/left sectors do not set much 

yield, 80 that their role mipt be limited to production-dynamics studies, such as 

.tudies of B-production in dift'ractive events. 

Relative to pneric B-detectors, there ie in principle only the luminosity com

promise which di.tinpi.hes this device from the othen (other than motivation, 

and the desisn compromises &I8OCiated with thOle mixed motives). It could run in 

fixed-tarset mode u well. But I prefer to leave to others the prOl and cons of that 

option-other than exhibitins the fixed tarset yielde in FiS. 3.3. 

IV. Physics: Hard Processes 

1. Very small z 

There is much interest in the behavior of parton dietributions, in particular 

the sluon dilltribution, at moderate q2 (I&y betneo 10 and 100 Gey2) and at 

extremely Imall %. This happena beeauee the calculated number of gluons becomes 

10 large that they don't fit in the impact. plane without overlapping. If we consider 

the sluons which have evolved from one valence quark accordins to the Altarelli

Parisi formalism, then they should fit within that constituent quark, because there 

is not much diffusion in impact parameter as one S0e8 down the evolutionary 

branching process. Thus at a q2 of 30 Gey-2, the "size" of a single Sluon ia about 

With the radius of a conatituent quark taken to be 0.25f, one then seta a rough 

limit of about 50 Sluolls in the quark before they start to overlap. When aignificant 

overlap occurs, nonperturbative elfeds enter and the questions become especially 

interestins. In particular, one might even expect strons absorptive eft'ectl in the 

center of the distributions under these circumstances. (Can the lOurce become 

"black"??) 1'heoretical estimates of sluon distributione vary IOmewhat, but the 

saturation eft'ects typically are expected to begin when % is smaller than about 

10-4 or 10-5• It therefore becomes very topical at HERA, and there has been an 

entire workahop devoted ~ thie problem~l 
Accordins to the Drell-Van rule for hard collisions 

the way to small %:t il to make %1 as large as possible and m:t as email as possible, 

&I well as makins.ll as larse as pOIBible. Thus not-ao-hard hard processes in tbe 

far f&rward direction are optimal. With %1 = 0.3, and m2 = 20 Gey:t, olle geta 

down to %2 of leas than 10-7, three orders of magnitude below HERA. 

The processes to atudy are familiar ones from Fennilab/CERN fixed target 

programs: direct photone (perhaps the best), Drell-Yan dileptone and onium pro

dudion, and perhapa hadron jell. The rapidity ranse i. in the radical ript/left 



sedors of the apectrometer. extending into the more central onea aa well. There is 

plenty of Crol8 aection, and lIignai to noise IIhwld be no worse and probably better 

than at lower energiea. 

2. Minijeta 

Minijets are identifiable jets with PI "as low as posaible", which in practice is 

no leaa than 5 to 10 GeV. The minijet phenomenon is endemic at the sse scale, 

with almost every inelaatic event containing a minijet somewhere in the lego plot. 

The evolution of the minijets with increasing energy and fixed PI probably haa a 

very aimilar pattern to the Altarelli-Parisi gluons; in fact the problems are closely 

related-perhaps identical. So their study will bear closely on the corresponding 

one at the parton level. But the former has the advantage of allowing the examina

tion of multijet final states and their patterns and correlation atructures in the lego 

plot. The minijets are 80 prevalent that they are important in understanding the 

behavior of the total cross aection and alllO the behavior of high multiplicity final 

states, as discussed in the previous aection. The questions of event morphology are 

discussed in more detail in the next subsection. 

3. Multijet event topologies and the "hard" Pomeron 

It was mentioned in Section 11.2 that I keep distinct the concepts of soft and 

hard Pomeron. The former was argued to be connected to the disturbance of 

the chiral condensate of light fermioDs by the paaaage of a fast constituent quark 

through it. The latter. to be discussed here, is to be associated with a disturbance 

of the color field by the p ... of colored partons through it. To see the distinction, 

I like to imagine that in the sse there were colliding upsilon beams or colliding B 
beams. In upailon-upsilon collisiona. there is nesligible coupling of the upsilon to 

the chiral condensate, since its internalstrudure il (presumably) alm08t completely 

color Coulomb field. An upsilon-upsilon collision ia well described at the parton 

level by one gluon exchange. Within that approximation one has after the collision 

two receding color-octet excited upsilons, and the hadronization is similar to the 

e+ c annihilation process. To be sure the general features of moet final states will 

be generic. But there seems to be DO analosue of diffraction di88OCiation. It must 

go by two-gluon exchange. which appears to be highly suppressed. On the other 

hand. the collision or two B-mesons is essentially just the collision of two light 
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constituent (Illarks, and the soft Pomeron ia dominant. 

There is certainly a role for the hard Pomeron to play, and the natural arena is 

at higher p,. The hard Pomeron is essentially a ladder built from gluons, but the 

fact that the gluolls are apin-I gauge particles creates special features. In particular 

there arc leading log elfect& not only in lIz but also in ,2, so that very small z 

is of significance. The largest ,2 is the province of generic central detectors, and 

perhaps the strongest contribution a full acceptance detector call make is to look 

at multijet event structure at moderate ,2. Let us define a jet as all the particles 

within an appropriately placed circle of radiua 0.7 in the lego plot (aa determined 

by IIOme kind of cluster algorithm.) Then the density or jets of scale p, is roughly 

3o./27t per event per unit rapidity (and per unit log Pl>. What is meant by this is 

that if there is a high·p, event of at least this scale of Pr. then this is the number 

of extra radiated jets of this scale to expect in that event. 

If this were the whole story the jet multiplicity would not tlcem to grow fa~t. 

Bnt the calculations show the opposite. This occurs because there are jets within 

jets; each circle of radius 0.1 contains lower p, jets radiated by the primary jets, but 

which stay contained within the circle. Also the lego plot itself geta populated with 

more jets of lower PI scales; and these allIO generate jetl within jets. The pattern 

is fractal in nature, and a nice lIummary of the situation is given by Gustafson and 

his Lund colleagues~· 

There haa been an enormous amount of work in thia area. But when I look for 

crisp statements or what kind of event morphology should be seen in a multigluon 

final state, I find little hel~. A start is provided by Mueller and Navelet?5 who 

suggest an inclusive 2-jet meaaurement at fixed za and Z2 (reasonably large) and 

look for the growth with s of the CrolS aection due to the multigluon production 

(mainly minijet, evidently). I would like to see suggestions on what actually builds 

this energy growth-what do the multijet final states look like in the lego plot? In 

particular, are the jeta (and by thia I mean the "experimentalists' jets" involving 

the cirtle of radius 0.7) diatributed at random as would be the caae for photons in 

QED? The "color-coherence" elfects might suggest otherwise. 

Perhaps a prototype of what I am thinking about might be of use here. Suppose 

we set a minimum p, of 20 GeV for the jets we are talking about, and a maximum 

p, not much larger, no more than twice as big, just to aimplify the discussion. 

38 



Demand a Mueller-Navelet jet pair at the extremes of the lego plot. Then there 

will be one extra jet per 10 units of rapidity or 80, according to our rule. This is not 

the big number the perturbative QCD people get, again because their calculations 

go to smaller Pf, and they count the jeta within jet •. 

However, while the average number of extra jet. is not enormous, it is not too 

much of a price to pay to just request them in the final atate and see where they 

10. For example, uk for six extra jets. (The coat in CI'08ll section is order 104 .) 

The question I am interested in is where those jets preferentially go in the lego 

plot. The reuon is that if one knows the dominant architectures for the final state 

morphology of the jeta at the highest Pf scale present in the event, then this provides 

all that is needed to predict the number and di.tribution in the lego plot of all the 

lower Pf sluona. They will not significantly modify the overall architecture-at least 

to leading losarithm accuracy. And if a pattern ia preferred at the highest PI scale, 

it ia likely to be preaent at all scales, because of the property of self-similarity 

(fractal behavior) of the QCD cascade. 

I don't know the answer, but here throw out a conjecture. Add the jet. one 

at a time. The three-jet final state ia problematic; maybe the third likes to get 

u cloee .. possible to the leading jets, or perhapa it likes to wander in the center 

of the leso plot. Four jets is more interesting. There may be a preference in this 

cue ror either double Sluon di88OCiation or a -two-sluon process" (Fig. 4.1a), with 

Pt balance of the relevant pain in order to keep the'; or the exchanged gluons 

u amall u possible. But it ia allO possible to have both occur at the same time 

by aligning the planes of the two pain. The pattern in the lego plot is shown 

in FiS. 4.lb ror this case, along with the instant generalization to the 8-jet case 

of interest. I SUlpect that a symmetric, completely coplanar pattern such as this 

might represent at leut a local maximum in the jet crOll section, differential in all 

anplar variables, and with the Pf magnitudes fixed at their minimum values (the 

value of the experimental Pf cut). (There are two PI-conservation constraints to be 

impoeed on the angle variables, of course.) Whether there ia enough phase space 

about the minimum to make it a dominant contribution is another question. But 

if it is not, what ia the dominant contribution?26 

According to the rules of color dipole antennas, the radiation of 8ubleading 

jeta (Pt'a below the cuts) into the lego plot is such that each color line in the 
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Filure 4.2. Color !low in the lelo plot. 

multi peripheral diagram is a source of gluons as if it were a quark· pair radiating 

gluons. We can then trace in the lego plot that the radiation is local in that sense 

(Fig. 4.2). Evidently the subleading jets will if anything enhance any copla/larity 

present in the leading order, except to fatten up the jets in the way that happens 

in e+e- annihilation. 

Examination of the lego plot shows that these jets more or less fit in the 

lert/right-wing secton of the spectrometer. The role of radicalleCt/right sectors 

is completion of the acceptance, and perhaps the use of the quark tag to dean up 

the underlying-event backgrounds. In this kind of study, one quark-quark collision 

at a time is quite enough I 

One other use of the far forward direction is to study beam-jet radiation. 

There should he a modification of the multiplicity or PI distribution in the region 

of rapidity bounded by the "hole fragmentation" rapidity, i.e. the rapidity that 

the initial-state parton had hefore interacting. This is best studied in very high PI 

binary processes. 

4. Wand Z production 

The cross sections for W and Z production are quite large and extend Ollt to 

rapiditiea of 6 or so, with a need for acceptance out to perhaps 8. They are shown 

in Fig. 4.3. What ia the physics? The crosa section and production distributiona in 

the far forward direction measure well the quark structure functiona. Thanka to the 
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Filure 4.3. CraM IIedion. for W produdion and the yield per SSC year into the 
modules of the lpedrometer. 

evidence Cor Gottfried sum rule violation?7 the anti-up and anti-down distributions 

at the least are not at all well determined, and W and Z production is an excellent 

way to pin them down. 'TI,is Drell-Yan process is also an excellent means of 

studying perturbative QeD, and the acceptance for the beam-jet gluon radiation 
may be valuable in this context. 

It may also be of interest to measure the W production cross section in <li/frac. 

tive events, i.f. Pomeron-proton collisions, to g~t another clean handle on the quark 
structure function of the Pomeron. 

Another possibility which should be investigated is whether missing longitu· 

dinal momentllm in W events can he measured in thia spectrometer well enough 

to determine the missing PI of the neutrino. Since forward tracks, charged and 

neutral, can be measured to a percent or better, and many of the W's have a large 

longitudinal momentum, this should not be instantly dismissed as impractical. 
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My personal opinion here is that, while these observations complement and 

extend the observations to be made with seneric detectors, they nevertheless do 

not provide an especially strons rationale (or this spectrometer. 

5. Top production 

'" 
J 

0, 1'---..... 2.+----'-4 ........... - .. '-..... " 

Filure 4.4. Crws IeCtiona for top production and tbe yield per SSC year into tbe 
modu. 01 the .pecbome&er. 

For a top-quark mau of 140 GeV, the crOll section is much more central than 

ror the W's above. The yield into the full detector (Fig. 4.4) is in excell o( lOT 

per SSC year. Even accounting for acceptance for decay products of leadins tops, 

there is precious little beyond an " or 5 or 6. The physics for this detector seems 

asain to be mainly event structure studies or the UBOCiated QCD radiation, etc. 

along with production-dynamics studies in the forward direction, and u always a 

study o( top production by Pomeron8. 

I checked brie8y BOme exotic production mechanisms, shown in Fig. 4.S. 

Searching ror sins'y produced leading t's looked interesting, especially via W-
eaanse, where a meuurement would give a direct determination or intereatins 
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Filure 4.5. Exotic production mechaniam. for .insle top quarks. 

CKM matrix elements. A quick estimate of the yield led to discouragement. But 

it might be worth a more careful look. 

Again my persona. opinion on this is that this topic will be betLer done, Cor 

the mOlt part, in sene~ic detectors or an optimized B-detector. 

6. New particle searches: a "dark Hisss sedor"? 

Everyone hu their favorite list of new physics and new particles: extra quarks, 

extra leptons, generic axions, leptoquarb, superpartnen, extended Hius sectors, 

evidence o( comp08iteneas, fractionally charsed objects or other heavy stable ob

jects, etc. I have not attempted to look at all this in a systematic way. And I 

~xpect it in general would be hard to defend this detector u an optimal search 

instrument in any specific scenario. If one knows what one is search ins for, there 

is a better instrument to be desisned. But in the case where one doesn't know and 

discovers by blundering into a data set that doean't for BOme reuon fit conventional 

wisdom, then this device may be very good. But thi' is a subjective opinion which 
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is hard to defend. 

The defense, such as it is, rests on the presumption that per event this de

teclor is capable of acquiring much more information relevant to searches than 

generic detectors. There is the larger acceptance, the good charged and neutral 

particle momentum resolution over all of phase space, the probable presence of 

Cerenkov detection in some regions of phase space, and the modularity, which may 

allow adaptability and quick response to results from elsewhere regarding where to 

concentrate one's elrorts. 

The main deficiency is of course that the moat likely place for the new physics 

is at very high mass scales, where the detector architecture is weakest and where 

a lot of luminosity is given away. But there is no theorem that says the breakout 

from the .tandard model requires the TeV mass scale. We have to wait and see. 

As an example of what could happen, I close with one from the fliggs sector. 

Suppose the conventional Higgs particles interact reasonably strongly with another 

piece of the Higgs sector (the "dark" sector) which contains only gauge singlet 

particles; they have neither weak charge nor color nor electromagnetic charge. But 

suppose this new sector has also undergone spontaneous symmetry breakdown, 

with ite own pion-like Nambu-Goldstone-boaons, massless or massive, which shall 

be called i. (We assume the I:'s are not eaten by lOme other gauge bosons.) The 

relation.hip of the longitudinal W-Z electroweak modes to the i's is something like 

the relationship of pion. to Ica.ons, except that Ica.ons are not isospin singlet. The 

relevant new interaction is the scattering of pairs of longitudinal W's or Z's into 

I:'s, either resonantly or nonresonantly. The essence of the phenomenology is most 

easily seen if we auume for simplicity that the dark Higgs sector can be described 

by a linear q-model formalism, as ulually auumed for the standard-model Higgs 

sector. Then the coupling between the two Higgs worlds il just a nonderivative 

quartic coupling, quadratic in ordinary Higgs fieldl as well as in the dark Higgs 

fields. There will be an extra dark, massive Higgs boson which we call S, and 

the main elrect of the coupling term between dark and ordinary sectors is to mix 

S with the usual Higgs particle H. This leads to disastrous consequences. The 

unmixed S typically decaYI quite readily into invisible U final states, with a width 

orders of magnitude larger than the Itandard Higgs width, unless the Uiggs is in 

the mass range of hundreds of GeV (See Fig. 4.6). Therefore, unless the mixing is 
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extremely weak, both the H and the S decay overwhelmingly into invisible modes. 

And even in the very high mass range, there i. the possibility of degradation of the 

conventional signals by a lessening of the branching ratio and/or a broadening of 

the total width. 
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Fisure 4.6. Width verso. m_ or an unmixed dark Riga boaon into a pair or 
Nambu-Goldatone particlea. The ehoicee or decay COOI&aa&a are F = 250 GeV and F = 
100 GeV (roushly ten timea the minimum value allowed aperimentally). The internal 
poop ror the dark sector " .. taken to be 0(4). AlBa .hown it! the .ame quantity ror the 
eonventional .tandard-model Dina boaon. 

The mass-scale of the dark fliggs sector, as estimated from the size of its 

vacuum condensate F (analogous to the Higgs' 246 GeV), could be quite low. A 

value of 10-20 GeV would limit the dark Higgs mass to less than 40-80 GeV (the 

unitarity constraint), consistent with LEP phenomenology. The phenomenology of 
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other weak processes needs to be examined, alons with cosmology, to see whether 

other limita on F exist, and whether limit. exist on the mass of the i. 

Thia peral idea ia present in the literature, in the context of majoron mod

els?S-30 and ia briefty mentioned in the Higs-hunter'a suide~1 But while the 

poIIJibility of the Higs decay into inviaible modea is discussed at len!lh, those 

models put the condensate into the electroweak sector (Their new Higs fields, un

like the onea discuased here, transform nontrivially under the SU(2) X U(l) sause 

goup.). Those models have more theoretical motivation than a dark lligs sector 

haa. Neverthelesa theae i's mipt be sood for aomethins, like cysnets or dark mat

ter, althoush I have nothins concrete yet to augest. However, while these words 

were heinS written, Barbieri and HalI
32 

independently came upon the dark-Higs 

scenario in the context of interpretation of the evidence for a 17 keY neutrino. 

From the point of view of sse Higs searchea, thi. scenario ia not just dark, 

it 'a dowDript morbid. But the situation may not be hopelen. The full-acceptance 

apectrometer haa at leut a fishtins chance to try to find theae Higs'. The lame 

technique described in Section 11.6 for the intermediate-mus Higs-particle search 

CUI be attempted. It misht work even Siven tbat the k's are Ions lived or stable, 

or decay into undetectable objects. The sipalure in the leso plot would be again 

the evenly charpd beam jeta with their tagins jets o( 50-100 GeV of PI on the 

edsea of the rapidity pp. And in between there would be nothins in the rapidity 

sap. There would be backsround events from sinsJeor double Z production, where 

the Z'a decay into neutrinoe. It is calculable. And one might do a pretty good 

job on rec:oostructins the four-momenta of the beam jetl, thereby determinins the 

inviaible mass produced by the W pair (See the comments in Section IVA). There 

ia another b&ckgound from ainsle W-exchanse events, where some of the beam-jet 

enersiea are IoIIt, e.,. to neutrinoe. While this may be aerious, the (act that the 

taginS jeta are coplanar for the backgound and noncoplanar for the lisnal should 

be of considerable help. 

This dark-Higs acenario looks very unlikely. But recall the problem of antici

patinS the nature o( the atrons interactiona, siven only knowledse of the nucleons 

and pio ... and their interactions at low enersr. And then evaluate the credibility of 

a claim that were .. - .. acatterins to be done at the enersr of the propoeed sisma 

reaonance (the "HiW particle of the atrons interactions"), the moet prominent 
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feature would be an S· bound state of Goldstone modes called kaons. Then evalu

ate the credibility of an additional claim that the key to the atrons interactions lay 

in the existence of a symmetry sroup (color) which commuted with all known or 

imagined symmetriea of weak, electromagnetic, and strons interactions. The dark 

Higs scenario is no leas credible tban all that! 

V. The Detector 

1. Buic Architecture 

I mUlt besin with words of apology to those wbo, unlike me, really know how 

to design a spectrometer. But I have thousht about this (or lOme time I and for 

better or worse feel the need to document lOme of the ideaa. 

The general description waa given in the introduction. The spectrometer is 

essentially two 20 TeV fixed target spectrometers face to (ace. The central barrel 

resion il relatively unremarkable, and the next sectors (the right/left wings) are 

likewise reasonably familiar objects, extendins from a few meters downstream of 

the tarset to 100 meters or so. Beyond are the radical risht/left sectors extendins 

out to a kilometer or 10, with the final-focus optical elements in the front ends. 

In arrivins at this deacription, I first went throush a simpler exercise, which will 

be brieOy described, since in my mind it expresses some of the moet basic proper

tiea o( instrumenta of thil type. The example ia very symmetric ("Lorentz-bOOlt 

invariant"), and many properties of it exhibit simple Icalins laws which I find 

helpful. However, as an actual prototype of a detector it ia not at all optimized. 

The lituation ia a little like the idealistic architect who designs an edifice based 

on srand principles of esthetica and aymmetry, only to find that his clients find 

it impractical, with the final reault only poorly reflectins the srand deaign-even 

tbough the occupants are much happier. 

The start ins point is the requirement of full acceptance for photon detection, 

which requirea calorimeter walla. An end wall even at one kilometer needs quite 

finesrained resolution, and it is hard to move it in much closer. Obviously it can 

only cover the most forward anslea and a sequence of annular calorimeter walls 

upstream are needed. For simplicity make them of identical size and shape. A 

baaic parameter is the aspect ralio, the ratio of outer to inner diameter, somewhere 

between 2 and 10, say. I take it to be 4. Then with this choice, each wall i. four 

48 



0 400 '00 

r(",,) 
So ... 'Otl\ 10&1,,11 

I) 
·,,;i'iY-"·· -. 

-.r; '-- ... 1 _ 
1,0", ........ 11 

t:J I'" Z,,:1 

tr s. 
f(c.) ./ ullfm,I C4(PTr.t1d~~ 
/ ~:~ ~ @J ~ Itt k)l.I{ 

-t--....-

10 

-+ '1.0. It( iIJ.) 

_~tg ttl .... /~ ._ 

-.-Q. 
.1 

100 -if ... ) 

iDMo 
C wal' I .. '\ 

.1 
I( It,) 

;In "'-'1/1 
twP;'iA 

-!II> r;z;z;z~~~--t--::~~~" ~ 
. "1. liS' " oi('It1) 

M FI~ure 6.1. The lrat try at the calorimetric architecture of the spectrometer 
t .. ...::. =~' 80& __ n.lo behiad each wall; a .ulenoid may .. Ulual be uled (0; 

49 

times closer to the collision point than the previous one. With an end wall at 

I 280m, this give annular walls at 320, 80, 20, and tim, before barrel seometry 

enten the game. A cartoon of the calorimeter architecture is given in FiS. 5.1. 

Just this simple consideration of photon detection divides the spectrometer into 

modules, each labeled rouShly by its rapidity, and with a rapidity window of log 4 = 
1.4. The total number of such modules is of order 10, and what goes in each 

one can again be identical. In the shadow of each calorimeter wall (where else?) 

goes an analyzing masnet with a ". kick for the particles of interest of, say, 0.5·2 

Ge V. Then if t.he same number of b.ainS elements are placed within the module, 

spaced in proportion to the longit.udinal dimensions (projective geometry), then 

the momentum resolution (as est.imated from the magnitude of the sagitta) will 

not depend on which module one choosea. And, &8 discuued a little more in the 

next subsection, it can be expected to be quite Sood for the generic tracks. 

If the tracking elements are also annular, &8 ideally they should be, then the 

acceptance in rapidity again is the log of the aspect ratio, and nowhere are tracking 

elements burdened by an inordinate multiplicit.y of tracks. Despite the total mean 

charged multiplicity of order 100, the mean number to which a siven module is 

sensitive is about 10. I would «'IeBB the density of tracking elements should be 

reasonably uniform in loS r - log z apace, and a cartoon of this is shown in "'ig. 

5.2. (This is clear. evidence that this spectrometer is not yet ready to turn over to 

the technicians.) The case shown Ulumes a biS beam pipe downstream with silicon 

tracking inserted within I vIa Roman-pot technology. Alternatively one might opt 

for &8 small a pipe &8 possible everywhere, with all tracking on the outside. More 

will be said about this in subsection 5.4. 

I bias toward small tranlverse dimensionl, with inner diameter of a calorimeter 

wall of 20 cm. and outer diameter 80 em. I allO ehoose a soal of 0.03 x 0.03 for 

the "pixel size" in lego variables of the electromasnetic calorimeter. This implies 

a resolution in space of a few millimeten in locatins the electromagnetic shower 

corea. Going to even smaller aperture has the disadvantage that tbe wall intercepts 

too many K .. A, etc. before they decay, since (independent of rapidity) tbe mean 

transverse separation from the lpectrometer axil of the decay vertices is typically 

several centimeten. The small tranlverse lize implies, by the way, a mean 11' -+ P 

decay probability of 3-4% per track, essentially independent of rapidity. 
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Thus far the discussion h .. emphuized the uniformity of each module and 

its conteob. However this symmetry inevitably will (and should) be broken by 

their inhabitantl, who will optimize for the physica available at that rapidity, and 

will adapt to the myriad or practical problems, e.g. backgrounds, which are not 

at all boost-invariant. I regard this u a feature to be encouraged: module-to 

module variety (consistent with tbe overall general architecture and with good

neighborliness) is a way of optimizing performance, while standardization is not. 

(Indeed, between here and the end of this document, the 320m calorimeter wall 

will have moved forward to 140m.] 

As far .. particle identification is concerned, muons should be straightforward. 

II 

Evidently the calorimeter walll will be made thick enough to more than contaiu the 

hadronic showen without much tonn..,; 15 tons/wall i. quite enough. Electron 

identification might be enhanced by TRD'I. Cerenkov identification i. something 

I don't understand well, but there will certainly be modules in the left and right 

wings where it il practical. 

The very small transverse dimensions of the walls seem to me to probably CODl

promise the quality of hadron calorimetry that can be done. Thi. il not to say that 

the absorber behind the eledromapetic wall. Ihould not be instrumented, only 

that I don't have confidence in tbe quality of the resuU. without being convinced 

to the contrary by some realistic .imulation •. But even if the result is discouraging, 

there is the possibility of reconstructing the jets track by track. The limitationa of 

this method include the following: 

0) Poor PI resolution of the leading charged particle. Take a PI of 100 GeV 

for the jet. The leading particle h .. on average a third of that. With a 30 

percent resolution, this contributes 10 percent to the iet resolution. Provided 

all remaining particles are found, they do not appreciably increase this error. 

h) Missing PI from neutral K'I, neutrons, etc. No more than 10 percent of the 

jets will have more than 10 percent or the PI contained in IUch particles; this 

seems an acceptable loss (10lIl because high p, il reclusified into a lower PI 

bin mistakenly.). 

c) Poor tw~track separation of leading particles in a jet. Even at the afore-
t 

mentioned 100 GeV tPI ecale, I get, without taking account of the magnetic 

bending, a typical leading-particle separation of several millimeten at the 

calorimeter wall where they are destroyed. To me thil seem •• afe. 

Therefore it seems possible that a decent job on jetl can be done up to the 100 

GeV range of PI, even without the hadron calorimetry. Out of course luch a claim 

needs backup from simulations. 

tfo mention or where the circulating beams go h .. been made as yet. This 

is bJ.t deferred until after diecuuion of practical questions involving tbe machine 

lattice and the beam'pipe problem. A .tandard 75 "rad croaing angle appears 

appropriate, 80 the beam-dynamia question. are the same .. for the intermediate

luminosity detectors-out to 100m or 10. It looks like the final· focus quadrupole 

magnet system lhould begin at about 140m, with both circulating beams close 



to each other (i.e. within 1 cm or so) at that distance. The architecture of the 

14(}'320m module is then dominated by the m&8netic elements, which in turn is 

dominated by accelerator considerations. While this is the heart of the proposition, 

I haven't done too much on it because of the need for feedback from the sse. More 

is said about tbis in subsection 5.6. 

2. Tracking and Optics 

If dipole m&8Dets are used behind the calorimeter walls, with Pc kick of 1-2 Ge V, 

then the l&8itta of a typical track of Pc = 10 GeV (chosen to keep the seometry 

very simple) is about 2 mm if the particle hits the inner edge of the calorimeter, at 

radius of 10 cm. The sagitta will be 4 times bisser (for the lIAI1le Pc of the incident 

particle) at the outer radius, leadinS to a dependence of resolution on rapidity 

of a lIawtooth character (FiS. 5.3). The absolute normalization is a blind suess 

based upon comparison of what is achieved witb a few existins spectrometers. Also 

shown is the resolution of the electrom&8Detic calorimeter, which in the forward 

resion becomes comparable to the charsed particle resolution. 

Important is the beam-pipe, which imparts, at the least, a lot of multiple

scattering to forward tracks pusing throuSh it at srazins ansles of incidence. If a 

biS beam pipe is chosen, this problem can be mitisated by meuurins the produc

tion ansle only inside the pipe and the momentum only outside the pipe-aithouSh 

the s&8itta will be reduced and resolution impaired. My choice of parameters does 

not do well on this point but iterating the design would help. If the beam-pipe is 

kept small, one should try to minimize the fraction of charged tracks penetratins 

tbe pipe at srazins incidence. 

A natural alternative to dipoles would be use of quadrupoles. Thill choice has 

both advant&8es and disadvant&8es. It evidently is easier on the machine optics. 

M&8Det cost is not a consideration; these m&8"ets are inexpensive, and a Pc kick 

at maximum aperture ("at the coil") of 2-3 GeV ia rouShly equivalent in its effect 

to the 1-2 GeV kick of the dipole. But the main advantage in my mind is that 

the quadrupole field does not impart larse kinks to a particle trajectory when it is 

very close to the beam axis (before it ia meuured) nor does it impart larse kinks 

to it even when it is within the beam pipe, where (for choice of a larse radius) 

silicon microvertex trackins hu the job of findins charm/bottom decay vertices. 

An example of what I mean is ahown in FiS. 5.4 which ahows an example of the 
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Fi«ure 1i.3. A «Uelll at the dependence or reaolution on rapidity. Dipole ma«nela are 

.. umed. Reaolution in the radical-ri«ht eec:tor i. diacu~ later and .bown in Section 
VII. 

trajectories in the transverse coordinates for the two cases. In the case of the dipole 

the production angle hu to be found by extrapolation throuSh the dipole bends 

(with the requirements of ,very accurate field maps), while for the quadrupole it is 

a relatively small correction. 

A disadvantage of quadrupole m&8nets is that (again at fixed PI) the rapidity

dependence of the momentum resolution hu four times u much fluctuation u for 

the case of dipoles. The resolution ill 16 times worse when the particle hits the wall 

at 10 cm than it is at 40 cm. A cartoon of this cue is exhibited in FiS. 5.5. This is 

best mitisated by usinS a smaller upeet ratio, say 2 instead of 4, or simply placinS 

one dtore quaclruJ)ole (with at leut twice the aperture) ill each module. There 

may be disadvantages at forward angles, where it may be useful to sweep charged 

particles very hard throush the beam pipe to keep that problem minimized. More 

on that question appears in subsection 5.4. 

Momentum resolution in the radical-riSht/left sectors should be very sood 
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because of the very strons sweepinS' There, of course, the use of quadrupoles is 

mandatory, except for far downstream, where the circulatins beams are split apart 

by a dipole bend. A few more words on this appear in lubeec:tion 5.6. 

Strons sweepins, either with quadrupoles or dipoles, may be a useful feature 

in other modules .. well. If almost all particles of &eReric Pc are swept to the side 

without hitlins the calorimeter walls, the occupancy of the hadron calorimeter will 

Itay low (neutrals plus hip Pc secondaries, mainly), and the fan-shaped beams 

exitins from the .ides (in this cue the typical multiplicity per fan is 2 or 3) might 

be trllllsported into external Cerenkov detecton, etc. for further measurement 

before heinS abandoned. 

Finally, there i. the question of the central barrel. Here again there is tbe 

pouibility of an unconventional architecture. Perhaps the barrel should be cut 

in half at " = 0, with readout from the interior of the barrel flowing upstream 

to 90 dep-ees and then outward throuSh a sap. There ie in this low m ..... scale 

detector nothins ACred about rapidities near zero, and the lOIS in rapidity per 

unit laboratory ansle is minimized at 90 degrees. So also i. much of the local 
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background. I would think. Also the hardware for the gas-jet tarset is most easily 

dealt with in such a solution. 

Even more unconventional would be consideration of a large-aperture. barrel 

quadrupole magnet for the central track ins. Most of those soft tracks which curl 

up in annoyins ways in solenoids are here swept outwards in the horizontal and 

vertical planes. 

All of these comments are meant only in the context of suggestions for study 

and evaluation; none of them .. advocacy. I detect a tendency for spectrom~ter 
designers to simply try to scale up what was done at lower energy without starling 

from scratch in their thinkins. SSC conditions are sufficiently extreme compared 

with the AGS or CERN PS, where I see the historical origin of most contemporary 

fixed-target spectrometer architectures, that maybe a fresh look is in order. 

s. Oata acquisition and event lelection 

While my ignorance of thie subject Is profound and almost complete, this.does 



not stop me from rendering a few opinions and attempting a few estimates. One 

reuon that I am 10 emboldened is that the apparatus is 10 long that just the 

finite speed of light appears to create lOme constraints on the data· acquisition 
architecture. 

Consider a double diffraction-disBOCiation trigger, for which one demands hits 

on the 1 km endwall and no hits in the central part of the detector. Then an event 

occurring at time zero registen 011 the end wall 3.3 microseconds later. At least 

another 3.3 microseconds is needed to send this information back to the central 

detecton. Those detecton will be queried as to whether they saw an event during 

the' = 0 beam croesing. They must be able to supply the evidence that the answer 
was an unequivocal no. 

Therefore it seems that the minimum time interval for a Levell trigger decision 

is 7-10 microseconds. During that period all information in all modules for all beam 

crossings must be retained. In other words, there must be massive pipelining and 

buffering, along with local preprocessing, at the very least to zero-suppress and 

.compactify the data before it enters the pipeline. 

I guess event sizes (per module) as follows: 

Bytes/channel 
Occupancy 
per event 

Tracking 10 1% 
Calorimetry 20 5% 
Silicon strips 5 0.3% 

Total 

Channels 

40K 

30K 

SOOK 

Bytes/event 

4K 

30K 

8K 

42K 

Thi8 wild guess (1!"hich UBeI in part a few inputs from a Cornell B factory 
al

33 ). L ___ .J .d· 
propos IS uaBCU on a rapl Ity acceptance of 1.4 units. Comparisons with 

other detecton that I could find (which cover 3-6 units of rapidity) include 200K 

for the CERN B-experiment of Schlein eI 0/.:4 
lOOK for the CESR B-factory 

. 3$ 
proposal, and 20K for the SFT. So my numbers appear to be in the middle of 
the range. 

The only possible unique feature for this detector is the long elapsed time before 

the Levell trigger occun. Here the SDC Eol provides a useful comparilOn~' Its 

57 

basic front end architecture seems to be quite similar to this spectrometer. There 

the Level I decision occun at 1.5 microseconds. But since there is an event every 

beam crossing and the event size is 1 Mbyte, the front-end buffer has to have a 

bandwidth of lOS Gbytes/sec, compared with this spectrometer's 600 Gbytt. .. /scc 

(we generously assume 15 modules for the full detector). In other words, the 

front-end pipeline is 6 times as long but has 150 times les8 area than the SOC's. 

I found another comparison in the CERN-LHC B-physics initiative of Schlein 

et al~4 It has 100-200 Gbyte/sec into the pipeline, with a Level I trigger occurring 

15 microseconds after the event, with output of 1.6 Gbyte/sec. 

I conclude that this device does not involve any data acquisition problems 

not addressed by others. Since the filtering i8 at most "only" a factor 104 (l0' 

events/year recorded out of IOU/year acquired), I assume the problem of creat

ing appropriate-and highly flexible and adaptable-~vent selection algorithms is 

feasible. And in parallel with the Level I decision process of the spectrometer 

as a whole, individual modules can preprocess data, share data with neighbors, 

and create their own semilocal (in rapidity) data-analysis channels, including local 

permanent storage, consistent only with the requirements of the experiment as a 

whole. This might include data samples in which the experiment as a whole has 

no interest. This possibility of local or semilocal "autonomy" seems to me to be a 

virtue of the modular nature of the detector and therefore should be encouraged 

whenever possible in the design of the overall data-acquisition architecture. 

In general, I bias t.o~ard a data acquisition and event selection system as 

sophisticated as possible consistent with a prudent budget. One of the most im

portant features of this spectrometer is the very large amount of information per 

event acquired. Therefore the processing power applied to the data set should be 

maximized. 

4. The beam pipe 

As far as I can see, the most troublesome problem with this detector has to 

do with the beam pipe. With typical angles in the submilliradian range, a 101m 

beam pipe presents more than a meter of material to particles going through it at 

grazing incidence. 

An immediate question to address is how thin the pipe can be made. For 

58 



no particular reason I first assumed that it must be of a diameter between 5 and 

20 em in order to satisfy the accelerator specificationl (high vacuum, reasonable 

impedance presented to the beam, physical aperture at least that in the normal 

machine cells, etc.) Otherwise it might be tempting to go even bigger and evacuate 

the whole lpectrometer, with a 1m diameter beam pipe. Indeed this option may 

It ill be of use if one were led to a very thin beam pipe, too fragile to withstand 

atmospheric preaaure on the outside. Another constraint il that the pipe have a 

conducting inner layer to provide acceptable impedance to the circulating beams. 

I do not know the correct thickneaa, which must be of order the skin depth, but 

take it here to be 20 microns of aluminum, an aggreslive choice. 

Alternatively, in the Berkeley '87 B-detector atudy~7 a 3001' beryllium beam 

pipe of 2 cm diameter was chosen, with all tracking on the outside. Thia has many 

advant&«es, but at least one disadvantage: the charge determination of beam-jets, 

pOBIibly important for electroweak physics and low-PT physics, is probably more 

difficult in that case. In what follows, I &Blume (without prejudice) the option of 

a bigger beam pipe and Roman-pot silicon micr08trip tracking within. 

There illOme RkD on thin beam pipes under way in connection with B-factory 

designs. There exist very low denaity foam materials such as silicon carbide or 

boron carbide with densities of order 3 percent of normal denaities and with robuat 

mechanical properties. So it ia thinkable that the pipe could consiat of this material, 

of order a millimeter thickness, with the aluminum conductor on the inside and 

lOme aimilar material (thinner?) on the outaide, making a sandwich aufficiently 

atrong to withstand atmOlpheric pressure. (I am indebted to Steve Shapiro and 

Wayne Vernon for informing me of these developments.) 

Hereafter we asaume for thia option that the pipe thickneaa ia 1 mm of C 

at denaity of 0.03 that of graphite, with a 20 " layer of AI on the inaide. This 

gives an interaction probability of 15% for a 1 mrad angle of incidence. While the 

interaction of the charged hadrons with the pipe appears to be the worst problem, 

we begin with the question of photon interactions. 

There are a large number of candidate pipe geometries to consider. A variety 

of these are documented in the Berkeley '87 B-detector atudy. It seems that if n 

experimentaliats set tosether to decide what to do there will be at least n options 

debated. Here we chooee uncritically a let of truncated cones as Ihown in Fig. 
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5.6. The vertex of the cone is at the collision point, and the calorimeter edge gets 

shadowed by the cone. 

The chance of a photon hitting a cone is (assuming one truncated cone per 

module) 

1 mm/(2.5cm x 1.4) = 3% . 

When it does, it will convert in the first radiation length (10 cm in the AI, 5m ill 

the foam). But unless the electron enerl>' ia very high, the multiple acattering will 

be large enough that the electron and positron will exit within the first radiation 

length. Therefore below that energy the cascading is suppressed, and there will be 

relatively little 10ft charged shower debris. This haa been checked with an EGS 

run (I thank Ralph Nelson for his generous aasistance). Essentially what happens 

is that the critical energy of the cascade occurs at about 15 GeV instead of 15 

MeV. A88uming incidence of the primary photon onto the upstream edge of the 

pipe, and photon direction parallel to the pipe surface, the number of electrons 

emergent from the beam pipe is about 55/TeV, and the number of photon. i. 

70/TeV. Their diatribution in angle and enerl>' are shown in Fig. 5.7. We see 

that the products are collimated within a few milliradians, 10 that it may even be 

possible to salvage some information by examining the debris on the calorimeter 

wall. 
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Fiaure 1i.6. A candidate beam-pipe ,eometry. 
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In any case there is on average one problem per 5 modules per event, with this 

most likely being a photon los8 mechanism and not the creation of unacceptable 

background. 

Dealing with the charged particles is more difficult. But when charged particles 

hit a beam pipe, all reaction products escape (to a high d~ree of probability) 

without reinteraction. Furthermore, where the problemB occur, the Bpacing of 

tracking planes is so Bparae that on averase mOlt reaction productB escape detection 

completely. So the phenomenon is -sain mOlt likely a loss mechaniBm, rather than 

a BOurce of unacceptable background (in the sense of creating too much confusion 

for pattern recognition to BUcceed). 

To study this problem properly requires a choice of magnetic-field architec

ture and tracking Btudies with realiBtic production spectra. I have made a few 

hand calculation. to try to get a feel for the nature of the game. The strategy I 
assumed was, assuming a large beam-pipe-diameter, to bend as strongly and as 

soon as possible to sweep particles out of the pipe region before they get too far 

downstream. 

The example taken was the original cartoon (Fig. 5.2), witb each magnet (2m, 

5m, 20m, 80m) taken to be a dipole witb a". kick of 1.5 GeV. I then followed the 

motionB of an ensemble of particles with p fixed at 100, 200, 400 GeV, ... 12.8 TeV 

and PI restricted to be lesB than 700 Mev. From this one obtains the distributionB 

in Fig. 5.8. These numbers· to me look encouraging. The existence of "good" and 
I 

"bad" momentum bands emphasize the importance of serious tracking studies, as 

well as the importance of phYBics inputa. One must know wbich momentum bands 

are the most important to optimize, because it is likely to be at the expense of 
some other band. 

I have not repeated this exercise uBing quadrupole optics. It should be done. 

I expect the result to be worse because of the weak bending at Bmall impact 

pafametera. But that might be compensated by choice of stronger fields. The 

exercise alBO needs to be repeated using a 2-4 cm diameter beam pipe. 

My conclusion from all thiB iB that while the beam-pipe problem is a heavy 

one, with no clear design choice favored (at least to me), there appeara to be more 

than one viable Btratee for handling the problem • 
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FilUre 6.8. The rraction or partidee or ,iveD momentum which era. ahe beam 
pipe at puinl incicleace (8OIid line) aad interact in abe beam pipe (duhed line). The 
architecture or Fip. Ii.l and 6.2 ill _umed. with dipole. or .1PJ' = 1.6 GeV behind 
each calorimeter wall. 

5. Background. and radiation damage 

Other than the troubla with the beam pipe. candidates for background prob-
leml include . 

a) Beam-gu interactionl within the detector. 

6) Particles, especially IIOR neutron., eledrona, and photons, created by beam

beam coIli1ion aec:ondaria hitting calorimeter walla and apertures. 

c) Albedo from coIli.ion producta which Itrike the general environment (walls, 
Roon, etc.). 

d) Beam halo (especially elutically acattered protons and muons) interacting 
in the detector. 

I have DO idea of the importance of items c) and d), although they must in some 
aenae leale with the other two. 

• estimate the beam-gu background by &IIuming the vacuum quality within 

the detector il DO wane than the aver. vacuum in the ring u a whole. Then the 
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rate in the detector can be estimated from the beam-gas lifetime of the machine, 

taken to be 300 houn. With 1.3 x 101• protonl in each ring and counting any 

interaction of either beam within 400m of the collision point u dangeroul, the 

rate il 

2 x 800m x (1.3 x 101·)/(83km x lO'aec) = 2.5Mhz . 

This problem is therefore aeriou., but does not look deadly. Careful study is in 

order. 

The lK!cond background source, the emiuion of junk from calorimeter faces and 

apertures, may be the wont problem; it certainly atbacta much commentary from 

experienced experimentalists with whom I interact. AI we diac:uss further below, 

the scaling law for mean energy deposition onto a calorimeter face a distance z 

downstream is, per inelastic interaction, 

dE z 
dA = (100 - 200 MeV) R3 

where R is the distance of the element of area from the beam axis. Most of the 

enersY il dumped onto the inner edge, and the amount increues linearly with 

distance. There are two kinds of background. One c1us consists of hard energetic 

particles which are peaked forward in angle. These. ignore on the grounds that 

just from energy conaervation they are relatively few in Dumber. The soft, isotropic 

neutronl, gammu, el~tronl, etc. are on the other hand most abundant. 

I am 110t competent to estimate the magnitude of these. However the (lwhlc/II 

seems to be euier the further downatream one goes. ASlume again the scale 

invariant geometry (Fig. 5.1). Then, for example, the tracking element nearest the 

80m wall will be 4 times further away than itl corresponding tracking element at 

the 20m wall. While the 80m wall em ita of order 4 times u much isotropic junk 

than the 20m wall, the IOlid-angle factor il 16 times smaller than at 20m, leading 

to a problem that scales inversely with increasing distance downstream. 

Therefore one should expect the front end to have the biggest problem. Hut 

for that there are already Itudies, u well as working experience. For example 

(Fig. 5.9), at Fermilab the direct photon experiment E70038 runs at 0.6 Mhz in

teraction rate with a magnet at 2m with aperture in the vertical of 20 cm, lilicon 
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Fi,ure 5.11. Layoutl of two hi,h-rate Fermilab experimentl: E706 and E711. 

microstrips just upstream (which survive) and MWPC'. just downstream. (They 

will be replaced by straw tubes; I thank Georse Ginther for informative dilCus

sions). Another experiment:' E7l1 (dihadron production), successfully ran at 2-5 

Mhz with a two masnet .ystem I-2m downstream of the target, with MWPC's 

about 4m downstream (central wires deadened). The rapidity-distribution at SSC 

i. about twice as larse as at Fermilab, 80 that these examples indicate that back

srounds at SSC will not be an easy problem in the front part of the detector, but 
tbat tbe .tate of the art i. not too far from wbat is required. 
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We should note that the backsround downstream of a calorimeter wall may be 

easier than these cases because of the small aperture and hiSh density of the wall 

(ideally 1.5m of tun~ten), which makes it look like a collimator. However the small 

aperture makes the upstream neutron albedo problem potentially worse. We may 

compare that problem with what ia faced by the SDC. Their lim calorimeter wall 

has a 90 cm diameter aperture, while we choae 20 cm. The total enersy deposition 

per collision onto that wall lCales inversely (more or Iesa 40 ) with the diameter. 

Thus with 100 times the luminosity, the SDC problem is 20 times worse than what 

is faced by thilt spectrometer. 

Finally, we consider the question of radiation damage. The biggest dose of ion

izing particles to detector elements occurs at shower maximum in electromasnetic 

calorimeters. To set a feel for the problem we estimate the dose in the endwall 

calorimeter and then use lCaiing arguments. We assume a Feynman-scaling ftux or 

pions 

with 

dN 4 
x -d d Z = 1.5(1 - x) /(PI) x P, 

/(1'1) = 12.5exp-5P1 . 

This assumption is pessimistic. If the cosmic-ray data mentioned in aubsection 3.6 

are risht the yield ia lower. But assumins thia and puttins the end wall at 1.3 km 

Sives a mean enersy deposit~n at zero desrees of 30 GeV /cm2 per interaction. 

(Recall that 1013 interactions/SSC year is assumed.) 

Calculatins the deposition at larse ansles from the above formula gives the 

rule of thumb already quoted, where one should use 100 MeV at the forward 

ansles and then increase it by the amount the rapidity plateau rises as one soes to 

larser ansles. 

The energy deposition on the endwall is ahown in FiS. 5.10. There ia a severe 

problem for radii lese than 30 cm or 10. A 320m calorimeter wall likewise has 

problems at the inner edse. The 140m calorimeter wall, described in the next 

subsection, with its small, 10 em diameter aperture, likewise has an equivalent 

problem. Walls at c10aer distances probably are all ript. And in any case the 

problema are localized to such small areas that there are probably a variety of 
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Filure 5.l0. Jlouah mtimate or eDell)' depoeilioft per event on a calorimeter end "all 
located 1.3 km rrom &lie coIliIion poiat. AIIo Down iI the depotition on a 320m "all 
aad a 140m wall. 

solutions that can be found. They also occur in areas of phase space with quite 

low occupancy, 10 tbat a preradiator wbich locate. ahower cores followed by a 

radiation-hard coarse-srained detector (liquid scintillator?) should suffice. There 

is also the problem of neutron damqe, about which I know not what to say. 
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6. Interadion or the detedor with the sse machine lattice and the 

physical environment 

Aa we have already mentioned, the radicaJ·risbt/left eectors of the spectrom

eter not ollly dominate the reaI-eetate, but aleo are intimately related to the sse 
machine laltice. There are quite a rew critical iuuea to handle. In this section 

we describe one cartoon or what auch a sector mipt look like~1 But I have no 

confidence that this ia very near to what more considered thousht and wisdom of 

experienced desisners would «ive aa an optimal solution. However it may eerve to 

hiShliSht some of the problema and exbibit lOme of the critical parameter choices. 

,0 

We start our considerations at the 80m calorimeter wall, which we leave alone, 

with an aperture of 20 cm diameter. However, downstream of this we uee a pair of 

strOllS dipoles (of opposing polarities) to sweep aa many charsed secondaries into 

the trackins system before they reach the final-focus quadrupolee. One reason this 

is of value is the beam-pipe problem aa discuseed above in subsection 4. Another is 

that the cosl and lensth of lhe final-focus quadrupole system rapidly incre&Sell wilh 

aperture. There is therefore a strong biu toward acceptins no more secondaries, 

charsed or neutral, into the aperture of the final-focus system than necessary. 

.~ 
~401ttL Wit/I 
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I'" c· 

Filure 5.11. A carloon of the front end or the radical-rilht leCtor of the Ipedrom
eter. 

A sample layout of this .weeping module iI shown in Fig. 5.1 I. Its endwall 

calorimeter baa an aperture of only 10 em diunder, and illocated 140m down-



stream of the target. Therefore the rapidity coverage of neutrals in this module is 

actually l1" = 1.3. The radiation damage problema are comparable to what exists 

on the endwall calorimeter, and there will have to be extra care taken with respect 

to spatial reaoIution of the showers. 

The Pc kicks of the m&8Dels (2.4 GeV and -1.6 GeV) were chosen to bring 

the two circulating beams onto the axis of the quadrupole string, given a stan

dard value of the crossing angle of 15 microradianl. It turns out to be a quite 

reasonable choice, since to good approximation the only secondaries which enter 

the quadrupole apertures have momenta in excess of 2-4 TeV. 

Immediately downltream of the 140m wall begins the quadrupole string. We 

chOOlle a gradient of 0.15 T/cm. The first string is 50m long, and after an 80m 

drift space comes a second string, again 50m long. This by chance puts U8 at the 

320m endwall. Behind that goes a strong dipole to split the circulating 20 TeV 

beams and to initiate their transport into the sse lattice. 

The first 50m of quadrupoles suffice to sweep away all the secondary charged 

pions or 2-10 ThV into tracking elements, and the second 50m system plus dipole 

sweeper should allow the secondary diffraction·diuociation protons to be measured 

somewhere nearby without too much trouble. 

The effect of these quadrupolea on the circulating 20 TeV protons is to refocus 

them 400m or 10 downstream of the target. Here there is a machine-lattice exercise 

to perform, one I have not attempted, to get an acceptable matching of this inser

tion into the regular lattice. In the eOG designl, which is all that I have looked 

at, the final focus is a quadrupole triplet which effects essentially point-to-parallel 

focu.ing, with the remaining matching quadrupoles far downstream, of order 1 

km away.u Therefore I have reasonable confidence, perhaps foolishly 10, that the 

amount of large-aperture quadrupole focu88ing needed for a match is not badly 

estimated here. 

In examining the properties of the existing low-beta and intermediate beta 

designs, I estimate that a beta function for the matched (&8 yet nonexistent) inser

tion will look something like Fig. 5.12. The main presumption is that fl .... in the 

quadrupole Iystem will not be large compared to 8 km, &8 is the case in existing 

Iow-fl designs, and that the beta just upstream of the quadrupoles will again be 

the ~neric value of 1 km. If this is the case then the ratios of luminosities will 
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just ~o as tbe square of tbe amount of free space, in comparison to the 20m o( the 

Iow-,9 desi~n. Tbil would leave for tbi •• pectrometer about balr tbe luminosity of 

tbe "ltandard" intermediate-luminOlity coIli.ion ~ion, or 2.5 x 1()3lcm-2sec- l . 

Relative to the .tandard CDG intermediate-lumiDOlity lattice desi~n, tbe cir

culating beams Itay together Ion~er before bein~ separated (d. Fi~. 5.12). Here 

tbe separation between beams should be made lar~e as far upatream u p088ible 

in order to leave a central free space for thoee photonl en route to the end wall 

calorimeter. This would be beat done by brinJing the beams directly out to their 

finalaeparation or 80-90 cm from tbe z = 350m .p1itting dipole, unlike the existin~ 
collision-resion lattice desipl. 

In tbe collision-ball conceptual desj~n available to me 43 tbere is no provision 

for sucb radical ri~ht/left .pectrometer arm. wbich extend beyond 100m or 10. It is 

essential that extra space be provided. I estimate tbe diameter of tbe quadrupoles 

to be 50-70 cm, 10 tbat thi. part of tbe 'pectrometer, as laid out bere, is ~ain 
quite compact. It actually physically fill in the .tandard sse tunnel, but only by 

inches. However, extra tranlVerse space ma,t be provided, u well u ways for tbe 

data to be traneported to countin~-room., etc. and necesaary services brou~bt in. 

And there misht be more demand. for transverse .pace were tbe desip to mature, 

especially Jiven my perhapa irrational biu toward compact transverse dimensions. 

AllO, there may be a need for shielding wall. around tbe spectrometer, implying 

that personnel and equipment byp&llell around the .pectrometer area need to be 
provided. 

VI. Is All This Practical? 

1. Modularity and it. aoci.1 implication. 

The practicality of thi. idea rest. in part on the modularity of tbe spectrometer. 

Eacb portion of tbe detector in reaI.pace IeeI only a portion of the event in rapidity 

space. This in turn leads to tbe notion that the detector may be regarded &8 an 

auemblase of quasi-independent detecton, and tbat tbe experimental ~roup itself 

mi~ht allO be .imilarly resarded as an usemblage of quasi-independent sub~roups. 
Tbis allows a .t~ed approach to the buildin~ up or the detector and tberefore 

the pOIIIible practicality of the idea in the face of seemin~ly impossible budget 

conrrontations with bigh-priority generic detecton. But before gettin~ into the 
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questions of costs and st~in~, it may be wortbwbile to mention some otber aspects 

of thie feature of modularity. All tbi. i. more tban a little romantic in nature. But 

one of tbe reasons I revived tbill idea was tbe belie( tbat tbill device admitll a lIIuch 

leas rigid social and mana~eriailltructure than tbe ~neric detectora. And I tbink 

tbat, if this (eature is really true, it i. very important for tbe pbYllics. 

For example, it gets harder and barder for large collaborations to cngage in 

risk-takin~. Tbis can occur already at tbe desip level: does one dare to inve8t 

in a risky tecbnology wben tbe lead time8 are of order a decade, wben tbe cosll 

are enormous, and wben the conaequence of failure is tbe losll of many years of 

productivity? In bighly integrated detector. sucb u generic central detectors, the 

answer is prctty clear. 1I0wever in tbill e8sentially one-dimensionaillpectromctcr it 

is more thinkable to take sucb risks, because tbe lead-times and turnaround times 

should be mucb .borter. And tbe innovative design ideas need not be applied to tbe 

detector as a wbole, but only to a module or 10 at a time, 10 tbat any losSe8 whicb 

are incurrell will only affect a limited portion of the total pbase space observed. 

Anotller level o( conservatism i. ill tbe cboice o( pbysics to empbasize_ We see 

an enormous (ocus of elfort in tbe direction of the Higgs searcb, (or ~ood reason 

to be sure. Out tbe example o( tbe dark Higgs sector in Section IV.6.bo"!s bow 

even tbat could backfire-altbougb tbe ~eneral goal. of doing an optimal job on 

physic. at tbe bi~be8t PI scale8 can bardly be faulted. But tbill spectrometer more 

euily allows innovative IImail pieces of pby.ics to be initiated by a relatively small , 
subgroup of tbe full experiment witbout disturbance of tbe remainder. Even pbysics 

ideu wbich require lOme modification or augmentation o( tbe detector capability 

might be able to be implemented in a timely way. 

Tberefore I tbink that modularity, flexibility in tbe approacb to the physics, 

and rapid adaptability to cban~ are part of tbe de8ip criteria to be applied to 

tbe spectrometer. Tbia sbould occur in the managerial structure, and continue in 

tbe delegation of responsibility o( lIubgroupa to tbe detector; tbey should be as 

local in rapidity u possible. For example tbere is tbe temptation, because of tbe 

approximate boost-invariance, to build all tbe calorimeter walls witb a common 

desi~n, most likely witb tbe same people doin~ tbem all. Mucb better to me 

is to allow different tecbnoloJies to be applied to the various wallll, with local 

responsibility for tbe cboices made (but allO local responsibility (or failure8-(oIlowed 
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of course by Slobal responsibility for improvements). Indeed there can be internal 

(friendly) desisn competition between left-arm and risht-arm modules of the same 

rapidity. 

Modularity as a desip criterion allO evidently applies to the architecture of the 

detector as well as to the eociety of physicists usins it. The modularity was caused 

in the first place by the multiple calorimeter walls creatins the individual "rooms" 

in which IUbpoups "live". But in the chUSed particle trackins system, modularity 

could mean that track coordinates be able to be proceaaed and the particle four

momenta determined locally (more or leas). Just as a poaaible example, this misht 

preclude use of upstream dipole m.etl because of the difficulties created for 

modules far dowDltream (el. lubsection 5.2, FiS' 5.4, for what I mean here). 

And presumably the data acquisition sYltem can be made to enhance modular

ity, with Iota of local proceaeinS power-includins local permanent Itor~e of data, 

and local analysil pathways for local phYliCl p11. 

Wbat are the candidate "modular SrouPI" and how biS are tbey? We men

tioned in the be&innins that the detector naturally divides itaelf into the central 

barrel rqion, the left and risht winp (5m to 100m downstream), and the radical

risht and radical-left sectors contain ins the final focus quadrupoles at their front 

endl. This could easily SO to six were it decided to slice tbe central barrel at 

" = 0, as mentioned in subsection 5.2. In each sector there is a further natural 

lubdivision in termlof those who are dependent on an upstream (or downstream) 

neipbor, and thOle who are not. Here it is leas at the physicist level and more 

at the apparatus level that there is likely to be a sbons distinction. But if these 

subdivisionl were put in, the number of "modules" 10 defined could be aa larse aa 

16. So in a practical sense the modularity is somewhere between 5 and 16, not 10 

different than the estimate just baaed on the number of "rooms" created by the 

calorimeter walla. 

Hereafter we limply revert to the calorimeter-wall definition for the estimation 

of lize and COlt of a module. In the next lubsection we will make a rouSh seneric 

sueas of the COlt of a module. That rouSh sueas is compatible with a group size no 

larser than a typical Fermilab linsle-stage open geometry experiment, say 20-40 

phYlicistl. 

A liven "modular poup" could actually find physica to do all by itself in 
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its 1.4 units or 10 of,,: inclusive distributionl of almost anything. But once it 

collaborates with nearest neishbora there il an enormoul body of measurements 

which openl up, because after all the rapidity cover~e of almost all detectors built 

doesn't exceed that by very much. And many Aeneralizations to larser rapidity 

intervals are available. And while these dreamy words ex.erate and oversimplify 

what would really happen, I Itm hold to the bottom line which underlies tile whole 

disculllion: the advant~es of modularity are 10 larse, from 10 many points of view, 

that it should be respected as an important desip criterion. 

2. COltl 

This section is intended only to provide the rouShest SUi dance on what the 

COlt of this spectrometer might be, to identify any linsular biS-COIt items, and to 

set some feelins for the overall distribution of COltS. No independent coatins haa 

been attempted,and the unit COltS have ulually been SUeaaed by normalizing to 

numbers in other proposals or EoI'I. The COItl will be estimated per module, with 

no continsency applied until the very end, where it will be taken to be 30%. 

A) M.etl: 

The m~nets behind the seneric calorimeter walls were taken to have a rather 

small aperture (20 cm diameter) and a field inlepal of perbaps 5 T-m. I suesl no 

more than SIM (conservative?), a number small enouSh that it doesn't control the 

overall coat much at all. 

Tbe central barrel magnet is more coatly. We take a radius of 60 cm, a lensth 

of 2.5m, and a field of n. Coat: no more than S5M7 

The 100m strins of final-focul quadrupoles in the radical right/left modules 

dominate the m.et COltS there. The m.et outer diameter is of order 60 cm 

and a rouSh suess of tbe cost, made by comparins the tonn~e of iron and super

conductor (we assume the quadrupoles are superferric) to the SOC masnet, gives 

a COlt of roushly SlOM. 

B) Electromasnetic calorimetry: 

Each calorimeter weighs only 15 toOl, and we &Illume the COlt i8 dominated 

by readout. Takins 6" = 6; = 0_03, and countins each pixel as a channel (conser

vative!) we set 30K pixels/wall. TakinS S250/pixel Sives S7.5M/wall-and a very 

sood calorimeter. 
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I checked this number against other quotations by normalizing to the 1.4 uniLs 

or rapidity in these modulee. The reeults were S6M (SDC), 120M (Berkeley '87), 

and 13M (SFT). 

C) Silicon microvertex system: 

The SDC meuuree the COlt of their system by area, quoting II M/m2 including 

electronics. Their system bu lOT chanoela and 32 m2 of Si, implying a unit COlt of 

13/channel. I happily buy thatt Covering everything out to a radius of 10 cm with 

of order 16 double sided planee/module givee an area of a mere o.s m2/module, and 

an eetimated number of channels of 5OOK/module. There are more channels/m2 

here than at SDC, 10 I gueea the cost/module u somewhere between 12M and 

ISM. 

D) Outer tracking system: 

This is the system which coven the 10-40 cm resion. Candidate technologiee 

include more silicon, a la SDC, who go all the way to 60 cm, or a gaseous silicon 

microatrip detector~4 or scintillating fibers, or conventional MWPC's, or etraw 

tubell. I gueaa ..oK readout chanoela per module, with the COlt dominated by the 

readout electronics. For that I take a COlt per channel or 112S, giving ISM/module 

u the bottom line. This seem. large to me-but J'm engA!ing in wild gueaawork 

here. 

Again I compared the COlt per 1.4 units of rapidity quoted by others. The 

reeulll are 14M (Berkeley '87), and IUM (SFT). SDC comee out at 118M, but 

that is no& a realistic comparison. 

E) Miscellaneous COlli: 

I am aware that these can IOmetimee bite, but am helpleaa here. Items that 

do come to mind include the exotic beam pipe, the YlCuum Iy&tem for the beam, 

Roman pots for all thoee silicon systems if they are inside the beam pipe, a big 

1m diameter vacuum tank and ancillary complications if the thin beam pipe needs 

protection or if interactioOl of aecondariee with air are troubleaome, Cerenkov 

counten, TRD's, other bella and whistlee appended to the apparatus, the central 

computer, general overhead uaigned to the experiment, etc .... Just to put down 

a number, I'll gueea ISM/module. 

Summing up theee numben givee a coat of 123M/module, which I suspect is 

conservative. I assign an extra 12M to each half of the central barrel, and an extra 

110M for the quadrupole string in the 8O-32Om module, but uaign only ISM to 

the endwall module. Adding all this up givee 1132M, to which is appended 140M 

for contingency. Doubling this for the JeCOnd arm givee the boltom line of about 

1350M. 

It is no surprise that this is a very big number. However, we must remember 

that this detector is very staseable. We now tum to a pouible scenario. 

3. Staging scenarios 

We now address the queetion or practicality. It is in my opinion near imp08-

sible that this detector could prevail in a direct fint-round competition with the 

second generic detector or even a dedicated B-physica detector. An alternalive 

strategy would have the only SSC commitment to the proposal be provision of the 

collision hall and services, provision of the final-focus optical system, and support 

for instrumenting the radical-right spectrometer arm. I do not know the coat of 

the collision-hall extensions, but the other costs listed above are of order 130M 

plus contingency. The scenario is u follows: 

Stage 0: 
A collaboration is formed which is big enough (20-40 physicists) to build and 

operate the radical-right portion or the spectrometer, and strong enough to intel

ligently deeign the appropriate powth potential into the overall detector architec

ture. It is this group that'submits the proposal to the SSC and, of COUtle, wins , 
approval. 

Stage I: 
The following parts of the detector should be ready at the time of the commis

sioning of the fint circulating beam of the SSC (We usume that one ring will be 

completed u soon as possible, with a delay of some time before the second one is 

finished.): 

1~ Good tracking (not necessarily silicon microvertex; just good tracking) and 

good electromasnetic calorimetry beyond the 80m calorimeter wall of the 

radical-right spectrometer arm. 

2. The magnets behind the sundry calorimeter walls (e.g. 1m, Sm, 20m, and 

80m.). 
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Only thi. part of the detector COlt i. to be borne by the sse directly. The remaining 

itellll below are to be .upplied by interested out.ide partis who bring in their own 

feIOurc:ell. The idea i. that "(or rent" lignl are put out on the other moduls of 

the Ipectrometer, and the collaboration, in conjunction with the sse Laboratory, 

entertainl any and all outlide propolala to help inltrument them. Not much in the 

way of feIOUrces il neceuary to fulfill the remaining items on this liat: 

3. A gu-jet tuset 

4. Simple tracking beyond the 1m wall (and none penetrating the beam pipe). 

5. ~grained calorimetry on tbe downstream walls (beyond the 1m wall), 

for example, A" = A. of 0.3. 

No central barrel detector illugested at thil point, although there may be a 

lot of aa1vap IOlenoidl by then. And probably one wiD not want an exotic beam 

pipe either, malting a splendid initial challenge (or the experiment. With thil much 

apparatul there ie the opportunity to do lODJe phyaiCl. We Ulume the sse Lab

oratory il not 10 interested in running the fint ring for phyaiCl. But even with 

the detector in a completely parasitic mode, it can learn very much about back

SJOllndl, radiation damage, eft'ects of the beam pipe. detector perfonnance, etc. 

Aleo important iI the c:ommiaioning of the data acquilition eyatem and learning 

how to efficiently reject background at the Level I decision point. Hopefully by 

the time the machine has been run in, the experiment would be ready to requst a 

email block of time to log up to 10' minimum bias eventl (At 10 kHz thil il only a 

24 hour run, 10 the reque.t is dominated by setup time.). Some phyaiCl acc:ellaible 

ie lilted below: 

Stage I '''piCl '!'OJ!!m: 

1. GenerallUrvey of particle production at 200 GeV in the cms. specially in 

the far forward direction. 

2. Study of unusual event Itructure.. 

3. Incisive studies o( dirradive proceaaea. 

4_ A-dependence studies? 

5. High-PI Pomeron phyaiCl. 

6. Searcbea for unusual very-low-PI phenomena. 
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7. Search for evidence of photon-exchange proces8el with presence of a rapidity 

gap. 

8. If Rille is running by then, felpon8el to observations made in that program. 

Stage II 
Stage II beginl with commiuioning of the sse collider. In the interval between 

the Stage I run and Stage II. graduate etudente write theaea, poetdOCl write papen. 

and hopefully more support BOWl in from the outside to further instrument the 

detector. Again not too much in the way of incremental funds is needed to add 

the radical-left arm and the simple tracking and coarae calorimetry in the rest of 

that arm commenlurate with the IOphistication (or the lack thereof) attained in 

the right arm. And of coune there will be modifications, retrofitting, and probably 

just plain new ideas emergent from the Stage I operating experience. 

It would be nice to have the barrel region inltrumented to the lame level 

or sophistication: magnet. conventional tracking, coane-grained electromagnetic 

calorimetry, and muon coverage. This ia a little more pricey. But the reservoir of 
people experienced in these techniques il very large. And since there will also be 

a natural (perhaps irrational) interest in "capturing the center" • there might well 

be lOme bidden with enough independent feIOurc:ell to do it. 

In general, I would gUellI that there will in fact be no Ihortage of bidden 

propoling to fill up all rapiditie. with detection element.. Theee may even include 

groupl UIIOCiated with sse generic detecton who would like to put lOme of their 

R and D developments (etlpecially ODell not chOllen by their collaboration) in an 

sse environment early on. It may be that the real problem will not be in finding 

physicistl and equipment, but in quality control. The modules ehould not be 

instrumented with junk provided by inferior experimental SJOUpi. which once in 

place becomes difficult to get out. It will not be euy to keep the long-range goal 

of a well-integrated. quality iDStrument in the forefront during thie stage of the 

evolution. 

'the Stage II physiCl program might begin with another lhort gas-jet run with 

beaml not in collieion, to exercise both the left and right arml before the main 

experimental prouam begins. But the physiCl menu during the fint real collider 

run, ... uming no more reIOurc:ell available than the "minimal" lcenario described 

above, includes the following: 
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Stage /I Ph".iu: 
Witb only a few days of runnins in minimum-bias mode, a lot of exploratory 

physics already becomes acceslible: 

I. General survey of minimum-bias particle-production phenomena. 

2. Study of unusual event Itructures. 

3. Search for the anomalies reported by coemic ray experimentl. 

4. Comprehensive study of Iow-". Pomeron phy.ics. 

5. Study of quark-quark collision. ulinS leadinS baryon tags. 

6. Study of event. containins both jetl and rapidity sapa. 

7. QeD minijd .tudies, and the extension to an initial study of multijet pro

duction. 

8. Study of event. with very hiSh multiplicity. 

9. Study of very-Iow-". phenomena. 

In the fint dedicated run (say, one sse year at 10% of design luminosity), the 

menu would expand considerably: 

10. Small-s pbyaics, in particular study of forward dilepton production. 

11. Hip-". QeD, witb and without rapidity S&pl in the final Itate. 

12. O_nation of W and Z production. 

13. Fint look at. proceaaea involvins electroweal!; boaon exchanses (with rapidity 

lape), with an eye toward Higa aearchinS in future runs. 

14. Intermediate masa ac:aIe physia of contemporaneous interest. . 
It is no uae to try to anticipate what would happen beyond Stase II. Indeed it 

il arluable that it is fooli.b even to anticipate this much of a scenario. The main 

point i. that. tbere is a suaranteed scientific payoff to thi. pro«ram even were it 

to &0 no further than what i •• ketched out above. And the srowth potential and 

8exibility in how the srowth actually would take place is enormous. 

What. is the scenario from now until Stase 11 Some of thi. will be discussed 

in the next, c:oncludins aection. But from the point of view of this experimental 

prosram, I do not lee the need for Ions lead timea-at leut relative to the pfO&rams 

for the lenmc detectora. There are lOme advantll8eB in short lead timee as well. 

These include waiting for as many new Tevatron and LEP results (or others for 
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that matter) and/or new theoreti~ developmenlll to arrive before commitment of 

too much of the a11-t~small reaourcea that will be available. There is also the ad

vantage of new technolo«ies, especially in data acquisition, appearing. Others may 

come out of the sse R&D prosram itaelf. So deferral of the major commitment 

to the detector may even be Sooo .dence. On the other hand I should think that 

the fun detector 8hould be on line within five year8 of sse commi8sioning. 

The aenae of ursency that I do bave bas to do with provision of the collision 

han and aervices. If the sse Laboratory deem. this approach to be sood physics, I 

believe that it should include an appropriate collision hall in ita initial con8truction 

packase, even if there i. no responae by the community to this idea. It will be very 

hard to turn thinsa around if the experimentalists do knock on the door a ft!w years 

hence. 

VII. Request to the SSC and Concluding Comments 

1. Brief review of the detector and ita physics menu 

If the reader behaves in a way any thins like I do, he or she has first arrived at 

this aection after readins at mOlt the introductory aection. Whether or not this is 

the CAle, welcome! 

And whether arrival to this point has been via the Ions route or the shortcut, it 

may not be 10 easy to put tosether a concrete, conciae picture of the detector from 

what is in the text. This,stems in part from my own feelins that were there IICrious 

effort put into this general idea, the output would not likely look very milch like 

what I lay out all by myaelf. Nevertheleaa, in Fisa. 7.1-7.3 are put dow .. cartoons 

of what one or two iterations of my own thinking produce. The detector naturally 

divides into the center, the left wins and the risht wins and the radical-left and 

radical-risht winsa. In FiS. 7.1a, the central and risht-wing spectrometers are 

laid out with lensth and width drawn to the .ame scale. Thi. i. not practical for 

the radical-right wins, drawn in FiS. 7.lb with tran8verse leale expanded by a 

factor five. Even so one sees that the eaaential nature of the spectrometer ia its 

one-dimensionality. It is just a Ions broad-band beam transport aystem, which 

removes low momenta up front, removes hisher momenta further downstream, 

and passea only the hiShest momenta to the 400m-1 km end wall module. In this 

respect it reaemblea the cochlea of the human ear, which receives a broad-band 

80 



11pole _Inet 

1l1li calo .. IMU.. .111 

· .. lcUal ItaUoa. 

at .. a .ua4rupoll" 

I 

t 
I 
! 

racklal Itatl00' t 
t 
• 

-
uaclrupole -pet I 0. calo .. lMtl.. .all 

racklal Stltloa. r 
uaclrupoll ... alt 

• cllo .. lMtl.. .111 

'11 
C-> 

10 IVO 

1D" 

2.0,,· 

'01> 

5· 
() 

I 
I i ....... ,.,., ..... ' 
fr" .. q· .... -

• • ..-.pllttlal dlpole 

32l1li ca!o .. 1Mtei' 

flnll-focu. quadpupol •• 

f } r'k .... "., .... 

flnal-focua .uad~pol •• 

14l1li calo .. t.ate ... all 

} T .. acklal Itatloa, 
Dlpoll 

T .. lcklo, Stat 100, ~} 
Rllht_ln, 
.pect .. a.eter .eCfO .. 

~---I"'D---'2.""'OP-4~ )(("") 0 

Cb) 
Filure 7.1. Layou' 01 'he curreal i&era&ioo or 'he Ipedrome&er archi'edure: (I' 

c:en&er, .. d rip, wi." ud (b) radicaJ.rip, winl. 

81 

I ""'WI L---'---~"""---_--+-----+-------i~"""~ 
IDUM. I """" ,./t". ~ 

Filure 7.2 The detector Irchi&ec&ure in los-los coordinltea. In 'heae coordinltea. 
'r.ainl elemeail ahould III ,he reaioo reuonably uniformly. 

82 



frequency spectrum of sound and filters out successively higher frequencies as the 

sound proceed. further into the ear. 

In some sense the natural unit in such a detector is not meters or GeV, but 

db and 10 the detector is redrawn to 100-10l.cale in FiS. 7.2. In these coordinates , 
the density of the charsed-particle trackinS elements (not explicitly shown) should 

be reasonably uniform. 

Because the final-focIIs quadrupoles have moved back to 140m, the luminosity 

sulfen. I estimate it u (1-3) )(1~lcm-2aec-l. The estimates of physics yields 

ueumed an intesrated luminosity of 10·cm-2/SSC year. 

I reiterate, that as far u I am concerned, the three irreducible criteria for this 

detector are (1) full acceptance in phase space (Ieso variables), (2) accurate mea

surement of the four-momenta of charged particles and 1I'°'S over the entire phase 

space, and (3) DO compromise on the capability to do the physics of "rapidity-gaps" 

in this phase epace (i.e. dilfractive procesaea and electroweak-b08On-exchanges). A 

rough estimate of how well this ie accomplished is siven in FiS' 7.3. 

The phy.ics menu addreaaed by euch a detector ie vut, and some is documented 

in the text. Here I Alain reiterate what I see u the mm important feature of the 

apec:trometer. Fint and foremost it ie a survey instrument which can respond 

well to unexpected chanses of phyaics emphui., and which on ita own has etrons 

diacovery potential. It is not optimized for "ensineered" diecoveries such as the 

W/Z diacovery, the search for a etandard top quark, or the search for the orthodox 

Hisse boeon. It .hould be at ita beat for the serendipitous diacovery of phenomena 

not anticipated in advance, the kind of diecovery where the data itself epeake to 

the experimentaliat, not the theorist. And .ince tbere hu been no real survey 

instrument of this kind for hadron coIlisione .inee the era of the bubble chamber, 

there is a very broad ranse of discovery potential poeaible, both biS deal and little 

deal. 

I wu especially impreaaed by this feature while preparins this document. Just 

thinkins about the physics menu in tbe lisht of the poeaibility of makins this clue of 

meaaurementa hu provided me with new insishts into both etrons and electroweak 

phyeics. Even if tbis initiative soea abaolutely nowhere I have IeYeral fresh lines 

of theoretical research to punue. Since just the thousht of euch a detector can 

be such a etimulant, I am convinced more than ever that the exiatence of the real 
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thing would be incomparably better. 

One of the most unexpected consequences wu tbe implications for the Higgs 

sector. When I besan thi •• tudy I did not con.ider the possibility that thi. detector 

would have any thins to say about that problem, becauae it wu optimized for 

low mase scales, not high. After investisatins the consequences of soft dilfraction 

plaepomena, I turned to dilfractive finaletates containins jeta. Thie led lIaturally to 

the realization that there were similar but even more striking event morphologies 

in procC8lel such as photon or W-exchange. Thi. in turn led to looking at the 

two-photon processes and in particular the procCII W + W -+ HiSS' and other 

WoW interactions, u euuested by Khoze. In examinins the eignatures for that, 

it became interestins to question whether virtual W'. of low mue, interactins to 
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produce an invillible final.tate, mi~ht be an observable process via reconstruction 

of its millllins mUll. That thinkins led in tum to the example of a "dark HiUS 

sector", a model which hu two HiMII particles to discover, not one, but where, for 

a larse ranse of parameters, both decay overwhelminsly into invisible final states. 

And while the example is unlikely, it bears a not inconsequential resemblance to 

what actually happens in the strons-interaction prototype of the Hius problem. 

And were this scenario to occur, this detector misht oII'er the only possibility of 
obaer\'ation of the HiUS particle at the SSC. 

I emphuize that I do not advocate this specific example u the reason to ~o 
ahead with the detector. It ia an unlikelyacenario, I have not accurately estimated 

CI'Oll aectioDl and efficiencies, and I do not know the potency (back~round rejection 

power) of the event aipature. The importance of the example rests mainly in 

ilIuminati~ how a simple twiat of the theoreticalllituation can lead to a completely 

novel phenomenolOS)'. Any sin~le example of how it can happen can be diamiaed 

u far-fetched. But the overall odds of this kind of thin~ happenin~ can be-and 
probably is-Iarse. 

2. Requeat to the sse 
If thia idea is to SO anywhere, experimentaliata must come forward and be 

willins to do real work. But moat everyone ia quite buey, and the decillion even 

~ work for a while on thia thins ill a aerioua ~ decillion, not to be taken 

"shtly. Encouragement by the SSC Laboratory could be a very important factor 

in settins the ball rollins. Therefore I make the followins quite specific requests 
to the Laboratory. 

I. I request the Laboratory to review this document AI lOOn AI possible, in

ternally and/or in conjunction with its advilOry atrudures, and render an 

opinion resardins tbe physica value of thia prosram, ita technical credibility, 

and the technical feuibility of mountins it u a first-seneration experiment. 

2. If the responae to the first question ill encourasins, I request that the collision 

hall in an appropriate intermediate luminosity interaction resion be extended 

aufficiently far to allow mountins the experiment (Work evidently needs to 

be done to pin down the enclosure dimensiona.). This request is meant to 

be unconditional, in the senile that I believe it wille to do this even in the 
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complete absence of response by the experimental community before the civil 

construction deadlines occur. A revival of this initiative mi~ht occur later on, 

and the opportunity would have been lost. Furthermore this ia the clearest 

aipal the Laboratory can make that it ia supportive of the idea. 

3. Under the Alaumption that the next atep does occur, it will clearly be im· 

portant for proponents to maintain a close liailOll with the Laboratory on 

desip iuues, moat particularly interaction with the machine lattice, apec

ifications with respect to the beam pipe, vacuum aystem, etc., and llpecifi

cations resardins the collision hall and proviaion of aervices. Therefore it 
will be essential that the Laboratory express ita willinpea to contribute to 

the resolution of these desi~n problems, even at the early atases of proposal 

preparation. 

3. Requellt to experimentalistl 

Here the request is simple. I need help. 

I think the list of questions which need work ill pretty obvious, and I won't 

enumerate them here. But I estimate that the next atep needs a critical mUll of 

at leut a half dozen personll pullins in a number of weeks full-time to set thin~ 

soin~. I especially invite anyone interested in participatinS at thill level to contact 

me (I'm BJORKEN at SLACVM). I conlli~er a reuonable deadline to be late thill 

lIummer. If nothins happena by then Illhall, with one exception~J lIimply ~ive up. 

If IOmethins does happen, I ,would not conllider formally orsanizins the work until 

that time. And for those who cannot find the time, latill would ~t1y value any 

reactions and comments resardins thill work. 

All I mentioned in the beginnins, I am not interested in becomins an experi

mentalillt. Bu' obviously I do stronSly believe in the idea, and am willinS to atay 

aboard until an appropriate orsanizational atrudure existll to carry the initiative 

forward, and in "Sod father" mode thereafter for u Ions u it is appropriate. 

# I The ucepUon _Id be &0 continue ,be etI'od &0 penuade alae sse to provide the colli.ion 
hall: i&em 2, lUb.ec:tioa 7.2. TIle deadU .. _ 1iIou' • JIll' • ...,. 
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