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ABSTRACT 

Expe~~ental systems and detectors are proposed which can measu~e 

(l) small anqle elastic scatte~inq into the coulomb reqion, (2) ~a~qe anqle 

elastic scatte~inq, (3) sinqle diff~action dissociation, and (4) othe~ 

small anqle p~ocesses which would be missed by a typical 4K detecto~. The 

small anqle elastic scatte~inq is used via the optical theorem to obtain ~t 

and the p-value. (See Pa~t A.) Requi~ements on accele~ato~ desiqn a~e 

discussed. Beta at the inte~action point must be -2 km in o~de~ to do the 

small anqle elastic scatte~inq. Such hiqh beta is not needed at the 

detecto~ pOSitions. The intermediate beta reqion is vell suited for the 

larqe anqle elastic scatterinq and the sinqle diffrac~ion scatterinq. (See 

Part B.) 
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PAIl! A 

I. Ela~eic Scaeeering 

The phy~ic~ goal i~ eo find oue ju~e how fa~e a~ i~ ri~ing and whae 

i~ ehe preci~e ~hape of ie~ energy dependence. Al~o, i~ ela~eic ~caeeerinq 

which i~ expeceed eo be pure imaqinary ae hiqh energy becoming real 

in~eead; i.e., i~ ehe p-value ~eill increa~ing? (UA4 claim~ ie has 

reached 0.25 ae ~~ - 0.546 TeV. wieh ~uch a hiqh p-value, di~per~ion 

relaeion~ predict an even more rapid ri~e in Ge ae enerqies above ehe SPS -

e~pecially for pp a~ compared eo pp.) Ju~e how fa~e i~ the mean ~quared 

radiu~ (a~ mea~ured by ehe ~lope parameeer B) increa~ing? I~ ehe proeon 

becoming more black? I~ ehe forward diffraceion peak curving eoward ehe e­

axi~ raeher ehan away? Are ehere diffraceion minima? :f ~o, how many? In 

order to an~wer all ehese queseion~, ~hort runs ae ~everal energies ~uch as 

~~ - 2, 5, 10, 20, 40 TeV would be u~eful. Fig. 1 ~how~ chae ehe .pp eoeal 

cro~~ ~eceion i~ expeceed eo be -120 mb ae ~~ - 40 ~eV. r:) Fig. 1 ~how~ 

recene re~ule~ obeained by £710 ae Fermilab. (2) Thi~ sa~e cechnique (wieh 

improvemene~)' i~ propo~ed for u~e ae ehe sse by some of ehe ~ame 

experimeneer~. (2) . 

In order co mea~ure ehe p-value and eo u~e ehe coulomb amplitude for 

nor.malizaeon of da/de ie i~ necessary 'eo qee eo ~caeeerinq anqles smaller 

ehan 1.2 ~rad. Ae ehis angle ~h~ coulomb amplieude equals ehe nuclear 

amplieude when ~s -40 TeV and Ge - 125 mb. We see our a~ goal 9min - 0.8 

~rad where ehe coulomb cro~s seceion would be 5 eime~ ehe nuclear cross 

seceion. Such a SmAll angle is smaller ehan ehe eypical angular divergence 

of ehe beam which is 

(1) 

where ty is ehe ver~ical emieeance and ~. i~ ehe beea funceion ae ehe 

ineeraceion. The emieeance ty i~ defined a~ £y - ay2/~y. U~ing ehis 

definieion ty i~ 15\ of the (y, y/) pha~e ~pace. The no~ali%ed emiceance 
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'n ~ is planned to be 10-6 m fo~ the sse, but afte~ app~op~iate beam 

sc~apinq it is expected to be -5xlO-7 m. 

a~ Oetermination of e at the inte~action point 

We set ou~ qoal fo~ beam dive~qence ~ey - 0.14 9min which is 0.11 

~ad. Solvinq fo~ ~. in Eq. 1 qives ~. - &/~2 - 2000 m usinq , - O.S/y mm­

~~ad fo~ the emittance as defined above. By usinq such a hiqh ~ one can 

to~ce the beam dive~qence to be small enouqh, but then the sou~ce spot size 

Gy qets unusually la~qe; i.e., 225~. This is not a p~oblem if the 

detecto~ is placed at a position whe~e the spOt size is small and the beam 

dive~qence co~~espondinqly la~qe~. (~he detector measures position rather 

than anqle. See next pa~aqraph.) 

b. !!-3 at the detectors 

The usua: detection scheme is to use a hiqh resolution particle 

detecto~ fo~ eac~ of the scattered protons. (Se. riq. 2). The detecto~s 

are pushed c~ose :: :he be4m after it is in a clean, stc:ed condition. The 

size of the spc: a~ ~he IP (interac~ion point) cancels out if one can 

achieve a para~:el :0 point focussinq condition. This is achievable at 

those detector pcs~tions whe~e 

cot .1 --a­ (2) 

(.1 is the phase advance f~om the IP to detector 1.) 

At those positions whe~e Eq. 2 is true, the bracketed quantity in the 

followinq relation will be ze~o and y will be independent of the spot size 

Yo' 
(3) 

We shall see in Section II that a- - 0, hence the condition for 

.l~natinq the effects of spot size is to locate the detectors at reqions 

of phase advance which are ne.~ odd multiples of ~/2. 



.e define effective lenq~h L - ylyo' vhere Yo' is the vertical 

scatterinq anqle and y is the vertical distance fro. the beam at the 

detector. 

we s .. fro. Eq.3 that the effective length is 

L - ~(pp.) sin. 

fhe lattice solution descriDe~ in Sec. II has ~1 -700 • and .1 -3K/2 in x 

and SK/2 in y. fhen the effective lenqth is -1200 • and the closest 

distance to the beam vill be Ymin - 0.95 ma. fhe beam spot size at the 

de~ector position is 

ay - ~(~1') - 132 ~: 
i.e., the detector is 7 standard deviations from the beam. It is impo~ant 

that this 0.95 mm space trom the beam no~ contain any siqniticant material 

such as a detector vall. As shovn in Sec. tv, this space can be kept fr .. 

of material. We shall see in the next paraqraph that there is no need to 

have a measurinq resolution qreater than the spot size: i.e., a detector 

resolution -100 ~ or less is tine. So as lonq as the detector can meet 

these conditions there is no need for hiqh beta at :~e detector position. 

The detector descri~ed in Section IV has a measurinq rescl~tion ot -30 ~. 

c. Measurement resolution 

Nov we shall calculate the intr~nsic accu~acy of the anqle 

measurement and shov hov it is independent of P at the detector. We shall 

call y.' - y1/L the measured vertical scatterinq anqle. Oividinq both 

sides ot Eq. 3 by L qives 

y'. - y'o + (cot .1 + u·) yo/p· (4) 

vhere Yo is y-position ot the scatterinq and Yo' i5 it5 anqle. It the 

detector pOSition .. ets the condition ot Eq. 2, y'm - Yo' independent ot 
yo •. Then (y.') rms - (yo') rms which is the beam anqle 5pread at the IP. 

This equals ~(E/~·) - 0.11 ~rad tor p - 2 k=. This can be reduced by the 

tactor ~2 by averaqinq measured anqles on both sides ot the IP. 



-5-

The da~ec~o~ ~asu~inq resolu~ion need be no be~~er ~han L (Y.'lrms 

- ~(~) which is ~he same as ~he spo~ size a~ ~he a.~ector posi~ion. .i~h 

in~ini~ely accu~ate detectors, the scatte~inq anqle can be a.~er.mined to an 

accuracy of .08 ~rad which is about 10\ of the minimum anqle to be 

.asured. 

We conclude ~ha~ no matter how hiqh enerqy is the accele~a~or, and no 

matter how poo~ is ~he emittance, it is theore~ically possible to measure 

in the coulomb reqion as lonq as one has hiqh enouqh ~ at ~he interaction 

poin~. The intrinsic anqula~ reSOlution at ~he detector pos1~ion is 

independen~ of ~he local ~ and is bes~ if ~he phas. advance is near an odd 

multiple of 90·. The main disadvantaqe of small ~ at the de~ector is tha~ 

the distances to be .asured become small. Certainly the dis~ances should 

be made siqnifican~ly larqer ~han the wall thickness and ~he .. asurinq 

accuracy of the detector. 

d. Normalization 

If one is ~o determine 0t to -1' accuracy, one must know the 

luminosity ~o a si~ilar or better accuracy. There are ~wo methods where 

such accuracy can be achieved: (1) the Coulomb Method, and (2) the 

Combined Method. 

(1) the Coulomb method 

Since the coulomb amplitua. is precisely ~novn and becomes much larqer 

than the nuclear amplitude at very small anqles, measurements of dN/d~ in 

the coulomb reqion thus deter.mine the inteqrated luminos1ty. The very same 

data in the larqer anqle req10n then q1ve the nuclear amplitude, wh1ch when 

extrapolated to zero qives ~he product (1 + p2) 0t2 

via the optical theorem: 

° 2 t (5) 
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Ie should be easie~ eo ~each ehe coulomb ~egion when running ae lowe~ 

energies (fo~ ebe .... value of y ae ehe deeeceo~, ehe e-value goes as £2 

whe~e £ is ehe beam ene~gy). Fo~ ehis and oehe~ reasons ie is imporeane eo 

run ae seve~al diffe~ene ene~qies. 

An accu~aee l~inosiey monieor could be eseablished by mouneinq ewo 

counee~s on opposiee sides of ehe IP. ehe coincidence raee would be 

propo~eional eo ehe luminosiey (which is obeained from ehe number of deep 

coulomb evenes). The same confiquraeion of 2 couneers could be used in any 

o~he~ in~e~aceion region for coneinuous readoue of luminosiey. 

(2) ehe combined meehod 

In case one is noe able eo gee deep ineo ehe coulomb region, ehe 

Combined Meehod offers a fall-back posieion. To use ehis meehod, one mus~ 

monieor ehe eoeal number of ineeraceions ae ehe same eime one is measuring 

dNel/de. Eq. 5 shows ehae ehe laeeer is proporeional eo luminosiey eimes 

(1 + p2) Ge
2 . ~he eoeal number of ineeraceions (Nel +Ninel) is 

proporeional eo :~~inosiey eimes Geo In eakinq ehe raeio ehe l~inosiey 

cancels oue leav~nq ehw produce (1 + p2)Ge . This meehod is bese done in a 

medium-p IR by us~nq a series of ·conceneric· rinq couneers on boeh sides 

of ehe IP and ex~=apolaeinq eo zero. dNel/de would be well measured ae -e 

-3 x 10-3 Gev2 as explained in Sece. III. It could be exerapola~ed eo ze~o 
by normalizing ehe hiqh-P resules eo the medium-p da~a. Then one would have 

both Ninel and (dNel/dt)t_o' for ehe medium-p IR. The raeio 

(dNel/dt'o • (1+p2)Gt
2 

Nel+Ninel 16~ 
(6) 

Anoeher rea.on for measuring Ninel ae medi~ P rather than high P is 

thae Ninel - (Ndouble + 2Ns inqle) where Ndouble is ehe number of ·lefe­

riqhe· coincidences, whereas Nsinqle is the number of sinqle arm events in 

eieher arm. We eseimaee ehat for luminosity> 10 31 cm-2s-1 ehe beam-qas 

background will be less than ehe sinqle arm evene raee. 



It should be no~e4 that the slope parameter a and the p-.alue can be 

detenU.ned without any Jmovledqe of the luminosity. riq. 3 shovs • set of 

dN.l/dt curves all nor.malized to one at e • 10 ~rad. They all h~ve the 

same slope of a • 20 Gey-2, bue differinq values of p. A run with -1000 

evenes in the reqion 2 < 8 < 3 ~ad could deeer.mine p even if ehe dAta did 

noe,reach anqles smaller ehan 2 ~rad. 

e. Evene raee and running condieions 

Lee R be ehe number of elaseic events detected per second. lnen 

R - (da/dt)A~/2K 

Assume L is l' of its desiqn value: i.e. L - 10 31 cm- 2s-1 for p- - .Sm. 

Then L - 2.S x 1027 for p. • 2 km. crsinq da/de - 10-24 cm2 /Gev2, At • .04 

Gey2, and ~/2K - O.S qives R - 50 events per second not incluainq the 

coulomb pare of ehe cross seceion. This is 18 x 10 4 per hour. We s .. ehat 

ae very low luminosieies ehe runninq eime eo qee qood seaeistics is almost 

insiqnificane. 

Ie is very impor~ane eo minimize beam halo. Experience wieh E710 ae 

Fermilab has shown ehat "deep· sc~apinq down ineo ehe oueer pares of ehe 

beam ieself wieh a final horizontal scrape ae inside radius qave ene 

cleanest condi~ions alonq w1eh a siqnificane reduc~ion in amiteance (uP eo 

a factor of S ae ehe Tevaeron). Rescrapinq e.ery hour or so miqhe be 

necessary. Bunch spacinq would be increased to eliminaee the p~oblem of 

premaeure bunch o.erlaps on either side of the IP. Experience has shown 

ehae ehe best results are obeained durinq a shore, dedicaeed run. Oeeeceor 

shake-down and tune-up can be done when othe exper1menes ha.e cqnerol of 

ehe beam. 

f. Background raee, 

The deteceor described in Sect. IV is read oue by an exiseinq ceo with 

a readoue eime of -S MS. The purpose of ehis paraqraph is eo demonstraee 



ehae even wieh a ~eaaoue ehi. slow, ehe expe~imene is ea.i1y do-ao1e 

wiehoue havinq eo ~e1y on any newe~, fasee~ ee~hno10qy .uch a. mu1ei­

channel phoeoeubes (aOoue 3000 channels would be neeaea). The exiseinq 

Thompson ceo chips have a side-by-siae buffe~. The fi~se "imAqe" eo ~each 

ehe CCD is quickly shifeea ineo ehe buffe~. If ewo "i~qes" reach ehe ccn 
wiehin 5 ms the imAqe ineensifier muse be qaeea off until reaaoue of the 

fi~st is comp1eeea. In o~ae~ to qive some idea of deaatime as a funceion , 
of backqrouna raee, we shall qive some specific examples. 

Suppose ehe bunch spacinq is set eo 100 ns. Then a halo sinq1e. raee 

in each aeeeceo~ of 35 kHz qive. a 1eft-~iqht acciaenta1 raee of 250 Hz. 

Fo~tunate1y the ceo can be c1ea~ea in -1 ~s ana would be c1ea~ea if a LA 

coinciaence dia noe arrive within the time (4~s) it takes to form ana 

ae1ive~ the LR coinciaence. In oraer eo avoid pile-up of mo~e ehan one 

e~ack, each imaqe ineensifie~ is qate4 off fo~ 4 ~ just afte~ its e~i9ge~ 

count~~ reqiseers a hie. (The probaoi1iey of 2 hits beinq reqisterea ae 

ehese ~ate. would then be 0.003 for a sinqle deeeceo~.) The sinq1es raee of 

35 kHz times 4 ~s qives a aeaa time of 14\ due to sinqles fo~ each 

deeeceo~. The overall acquisition rate woula then be -144 halo-halo 

accideneals per second (ove~all deaatime of 42\'. For comparison. a sinq1e. 

rate of 20 kHz qives 80 halo-halo accidentals pe~ secona ana an acquisieion 

raee of 63 pe~ sec or a 21\ deaatime. If the elaseic events were -2 pe~ sec 

in ehe p~esence o! -250 pe~ sec backq~ouna, the ine~insic measu~inq 

resolution of -130 ~ ~esu1ts in a backq~ouna ~ejection faceo~ q~eaee~ ehan 

100. C1ea~ly the experiment is ao-able wieh an event rate of 2 pe~ sec in 

ehe presence of a backq~ouna acciaenta1 rate 100 times 1a~qer. The 

deaatime ~apidly becomes sm&lle~ fo~ lowe~ sinq1es raees. 

In E710 the deteceo~s we~e able to qet 2 mm f~om the beam whe~e a 

sinqles raee -5 kHz was obse~vea. In this expe~iment we want to qee twice 

as close. but the e~ttance will be -10 t~es smalle~ and we can tole~aee 

-10 times mo~e sinqles rate. Thinqs may noc be 10xlO times easie~ ae the 

SSC compa~ea to the Fe~milab situation. but it looks like we more than 

enouqh safeey facto~s he~e. 
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II. How eo obeain high 8 

David Johnson has obeained a hiqh ~ desiqn which meees a14 of ehe 

above conditions. (See Fiq. 4.' Ie is a modificaeion of on. of ehe 

·ineer.mediaee-~· interaction reqions. It would be -in series· wieb anoeher 

ineermediate-~ ineerac~ion reqion. This insere has no adverse effece on 

operaeion of ehe acceleraeor. The provision for doinq Chis kind ot pbysics 

should be designed ineo ehe machine from ehe very beqinninq. Ie would be 

wise eo dedicaee one of ehe four initial IR's eo ehis physics rrom ebe 

beqinninq since early operaeion is necessarily ae low luminosiey and Chis 

physics does noe require hiqh luminosiey. Each deeeceor eakes on~y a few 

ceneimeeers of linear space; however, the deeeceors are room eemperaeure 

inseres in whae would oeherwise be a cold beam pipe. These heli~ bypa.s 

reqions should be conseruceed from ehe beqinninq. 

The deeeceo: locaeions are -580 m from ehe IP wieh vereical ~nds bue 

no horizoneal oe~ds. For ehis reason ehe deeeceors would be mouneed 

horizoneally. A!eer a clean, scraped beam is achieved ehey would ce moved 

in x eo a posieicn -lmm from ehe beam. 

The physics described in Pare B could be done in ehe adjoininq ~um­

~ seraiqhe. Thae IR could be inserumeneed wieh a Crack d.eeceo~, for ehe 

hiqh mass "decays". One of our deeeceors would be placed in ehe teqion of 

bend bee ween ehe ewo lonq seraiqhe seceion where ~x qees as larqe .s 1.4 m. 

The deeeceors in ehe hiqh ~ seraiqhe could also be used as pa~t of ehe 

sinqle diff:aceive specero .. eer. The speceromeeer would cover "2/s < O.OlS 

The hiqher mass reqion would only use ehe vertical bend where ~V qees as 

larqe as 0.3 m. Then M2/s - 0.07 could be reached. 

III. Large angle elaseic scaeeering 



It is of in~eres~ ~o obtain the shape of the -diffraction- pattern. 

At Fer.milab and IS~ energies. there is the prominent t - 1.4 dip. but no 

sign of a second dip. A~ ~s - 540 GeV this dip' has become a sharp kink at 

t - 0.9 GeV2. At the sse it should move down to -0.37 Gev2, and if the 

proton is becoaing blacker as expected. the second dip should show up at 

-1.5 Gev2. (5" Fiq. 5.' Aas~ng 10 mm high detectors 0.8 mm from the beam 

and Leff - 1000 a, the ~-range is .00025 to .04 Gev2 . The same apparatus 

can be used to .. asure large angle sca~tering if the colliding region can 

be reconfigured from hiqh beta to lower beta. If~· can be reduced froa 

2000 a to 50 a, tbe t-ranqe would be froa .Ol·to 1.6 Gev2 . This sbould 

give good coverage of the first two dips. As is discussed in Part a, 
single diffrac~ive and other small angle processes are best studied in one 

of the mediua ~ interac~ion regions which are to be t~eable from ~ • 10 to 

60 a. For~·. 30 a the region covered is .013<-t < 3.S Gev2 . This would 

straddle the f1rs~ thr .. dips. 

IV. Detector design 

A group consisting of soae experiaenters f:om Fermilab £710 is 

presently desiqning and constructing a new kind of detector which can get 

closer to the beam and give an order of magnitude improvement in spatial 

resolution. They hope to have a prototype completed in t~ for running in 

the nest colli~q beaD run at Fer.milab. Such running will provide testinq 

of an sse prototype as well as obtaining the p-value and an improved 

measurement of the total cross section at the full Tevatron energy. 

The new detector is shown sch .. atically in Fig. 6 (the sse version 

would be s~ilar. but smaller). The scattered particle travels 3 cm 

lengthwise along a bun~e of 200~ scintillating fibers. Light from these 

fibers is transported by fiber optics to a two stage multichannel image 

intenSifier unit which is read out by a CCO. All the components are 

commerically available. At the Tevatron, the existing Roman pot top plates 

and bellows would be used. 



In o~de~ ~o ayoid any oueqassinq p~obl... ~he fiDe~ bundles would be 

encap.ula~ed by a 0.2 ~ thick laye~ of sput~e~ed nickel. 

R8dia~ion damaqe is no problem. The detec~ors will be au~omaeically 

re~racted wheneve~ ehe sinqles ra~e exceeds 100 kHz. They would be 

physically removed durinq inieial euneup of the acceleraeor. A~ mose ehe 

ave~aqe radiaeion ~ate would be 5xl0 4 pa~eicles/cm2/s. One full yea~ a~ 

this continuous le .. l co~~esponds to a ~adiation exposure of -4z10S rads. 

This is many o~de~s of maqni~ude below ehe leyel which qive. noticable 

radiation damaqe to plasic scintillato~. This is confi~med by ~he 

experience of £710 ae ~he Tevat~on. 

The eseim.ted cos~ of each SSC de~eceor is -50KS (exclusive of the 

movinq mechanism). A compleee syseem of 4 such deeec~ors for elaseic 

scateerinq ae ehe pOSitions shown in Fiq. 4 includinq movinq mechanism 

would cost -$300,000 for par~s and machininq. 

The firse HCP (multichannel plate) could be qaeed on only durinq ehe 

bunch passaqe eime. If the sinqles ra~e is 50 KHz (see Sec. If), the 20' 

probabiliey of 2 par~icles in one de~eceor could be :educed eo 0.5' by 

turninq off the MPC for 4 ~s each eime a sinqle ~s reqis~e~ed in the 

eriqqer couneer. Afeer ehe 4 ~s waie for a lefe-r~qhe c~incidence, normal 

operation of ehe MC~'s is resumed and ehe ceo is cleared. 

v. Milestones 

The firse pro~o~ype has been desiqned and is now under conseruceion a~ 

CERN. Ie should be ready fo~ ins~alla~ion in ehe Tevaeron by S~e~ 1991. 

We hope eo eake data durinq a dedica~ed elaseic r~n in 1a~e 1992. Final 

desiqn of ehe SSC de~eceor should be compleeed in 1993. Cons~ruc~ion and 

eestinq in 1994. Insertions in SSC tunnel in 1995. 

removed durinq initial eune-up of SSC be&m3.) 

(Oeeeceors would be 

At presene any hiqh enerqy physicise who shows interese and requests 

eo be listed in ehis EOI is accepeed. Laeer, seandards for instieueional 



aupport and personal time commitments will b. work.d out. So far, 13 out 

of the 20 names ar •• xperiment.rs conn.ct.d with E710 at the T.vatron. 

Part A Reter.nc.s 
(1) M. Block, .t al, Phys. Rev. e!l, 978 (1990). 
(2) Amos, .t al, Pbys. R.v. L.tt.rs 11, 2784 ~1989); Amos,.t al, ~A 

Luminosity-Ind.pendent Measurement of the pp Total Cross S.ction at ~s • 
1.8 T.V·, acc.pt.d for publication in Physics L.tt.rs: Amos, .t al, 
-Antiproton-Proton Elastic Scatt.rinq at ~s • 1.8 T.V from It I - 0.034 to 
0.65 (GeV/c)2~, sua.itt.d to Physics Lett.rs. 
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Par; A Figur. Cape ions 

F1q. 1 Exerapolaeions of Ge , e, and p eo hiqh.r .n.rqies bas.d on 

fies eo F.r.milab, ISR, and SPS deea. S •• R.fer.nce 1. Th. 

UA4 p-valu. of 0.24 ± .04 has been ploee.d, bue noe us.d in 

the fit. 

Fiq. 2 Schemaeic of an .lastic scate.rinq. Th. measur.d v.reical 

displacemenes from eh. beam art Yl and Y2' Th. measur.d 

scaee.rinq anql. tor Pi is (Yl"m - Yl/Ll vh.r. 

Ll - ~(~·~l) sin.l is eh •• tf.ceiv. l.nqeh. 

Fiq. 3 Ploe of dN.l/dt vs. 9 for diff.r.ne valu.s of p. dN/dt has been 

nor.maliz.d eo on. ae 9 - 10-5 radians. 

Fiq. 4 Maqn.e confiquraeion eo achi.v. ~x* - ~Y* - 2000 m and ~* - ay* 

- O. 

Fiq. 5 da/de vs. ~ ae ~s - 40 T.V usinq ehe R.f.rence 1 !ormaiism. 

Fiq. 6 SchemAeic of scintillaeinq fiber dee.ceor. In ehis vi.w boeh a 

top and boe~om det.ctor have been push.d in to &bout 1 mm from 

eh. b.am. 



Fig. h 

150 0580590-011 

140 
130 
120 

~ 110 
D 100 
E • 90 ~ '--'" • ao 
b 70 

60 
50 
40 
30 

10 100 1000 . 10000 100000 

-JS (GeV) 



-1:-

r1q. 1t1 

23 0510510-010 

22 

C\I 21 '" ,/ 

I 20 ",'//~/ t - 19 sse 
U 18 

" 17 > 16 • 
OJ ',,", 

t!J 15 E7tO 

- "14 
13 

CD 12 
11 

• • 
10 

10 100 1000 10000 100000 
-IS (Ge V) 

1:"- lc . -., . 

. 35 

.30 

.25 

.20 

.15 

.10 
~ .05 

t 
sse 

0.00 

-.05 

-.10 
-.15 
-.20 

10 100 1000 10000 100000 
-IS (GeV) 



F 18. 3 

3 

• I 

2 
~2 -iii 

"-
~Ii 

o 
o 

-'. -

/NuCllar Only 

-,P·0.2 

Caulomb Only 

'I 
Oltector 

\ 

~
I t 

aeam p'~ Pz 'I, 
----------~------~.~I~-----------.. ---------

--~------------_,~~--~~--------------------~--- s ~--------L,--------~·~I 
I. P. 

\ 
OI'lctor 2 

Fil_ 2 Schematic or an elastic scatterinl_ :hI measurld vertical 

displacements rorm the beam are 1, and 12- The measured 

scatter!ns anlll ror P, is (1,'). • 1,/L, where 
L, • ~ a~ sin ., is thl .rrective lencth. 



II 
I I 

I , I 
I , , 

I 1 
I I 
• 1 

'I • 

I I 

."9. 4 

"" 

l": II ... 

f\ 
I ' 
, \ 
I ' 
, \ 
I 

1/1 •• 

" 

t I 
I ' i i \. 

• 

I 

I~ , I I ' , I 
I ' 

,2 ,1,,,., " 

~~~H+~~~~r_a .-

J 
" 
'i 
, i 

• ~ 

I 
, t-, ... , , , 

I . 
i 

! 
i 

I 
I • I. 

I. 
I. , I'. 

\ 
\ 

.Ll 
-_:-:.\ \ '} 

(J ~ _______ ~ __ ~~ __ ~ ______ ~~------~ __ ~~--~~.~ ____ ~-------. 
2~Ii'O. (I ',H 7(). n ]]70. (J ".SI,)!(,. n 3770. () ,I 1 '11.11 

I ~flTII I J:NGTtl (M J 

, -~ • 



,--, 
ru 
~ 

U 

" > 
Q) 
(!) 
'--' 

" 1] 

E 
L-I 

+J 
U 

" b 
U 

Flg.5 

~ - 40000 GaV for p-p systam Fila: 6E05M60.DAT 1000 ~~~~~~~~~~~-r~~~~~~~~~~~~~~-

100 

10 

1 

. 1 

.01 

.001 

.0001 

.00001 

.5 1.0 

I t I 
1.5 

(GeV/c) 2 

2.0 2.5 

, -.. 
• 



OSIOSIO -001 

Fiq. 6 
/T"OfftP •• ceo CI\ip 

...-J=::::1;::"'" 
O.E.P. Micro-

[ai.tin, Romon pot~ CI\annet ''''Gle 
Inten.ifie, 

Triv. Count.r 

~ 

.. m 

I 

I i 
• I 
I , '- -'----i-..1 

f- 3 
CIft ---1.J 

Upo., 
Scinto Fib.r • 

Low., 
Scint. Filt.,. 

Filt.,-
optic. 

Modification of Roman Pot. fo, Ttvat,on 
I 



DIFFRACTION DISSOCIATION 
AT THE SUPDCONDUCTING SUPERCOLLIDER 

AlSTRACT 

\1e propose eo build "dlffraceive spec1:romeeers" eo measure 
ehe momeneum of recoll proeona from single diffraceion dissociaeion 
(SO) and double Pomeron exchange (OPE), uellizlng ehe machine 
magnees and deeeceor. in. "Roman Poe.". The momeneum accepeance 

.4 
vill be in ehe range 4xlO < l·x < 0.09 , vhich corre.ponds eo 
diffraceive masse. of 0.8 eo 12 TeV and OPE masse. of 16 GeV eo 3.6 
TeV. The speceromeeers vill be used for mea.urinl differeneial 
cross seceions and for eagling dlffracelve mas.e. for furcher seudy 
by general purpose deeeceors. 

1. Ineroduceion. 

The seudy of leading proeon diffraceive processes, single diffraceion 
dissociaelon (SO) and double Pomeron exchange (OPE), require. accuraee 
measuremenes of 1:he angle and momencum of ehe "recoll" proeon(s). The.e 

proeons, having Pr- 270 MeV and momencum close 1:0 ehae of ehe beam, are pare 
of 1:he beam halo and eherefore Chey may be convenienely analyzed by 
speceromeeers employing ehe magnecs of ehe machine ieself. We propo.e co 
build such "dif:=ac~ive speceromeeers·, consiseing of deeectors in "Roman 
roes" s1:a1:ioned ~~ ~e: posieions along t:he main ring on bo:h sides of an 
:nt:erac:ion po:~: " :?) . The roes vill be movable, so :hae ehey may be 
placed near 1:he :oas:ing-be&mS afeer injec1:ion, making it: possible eo 
measure momenta '."2=:." close eo eha: of 1:he beam. Two ::,,",?es of spec1:romecers 
are proposed. des:;~ed :0 cover evo regions of "recoil" momencum. Their 

.4 
combined momen~'~ accep1:ance is in :he region 4xlO <, P-Pbeam' / Pbeam < 

0.09, vhich cor=es?or.as eo SO ma •• es of 0.8·12 TeV and OPE masses of 16 aeV 

1:0 3.6 reV. 

In t:he seceions Chae follov, ve firs: discuss SO, providing some 
physics m01:i~a:ion for ies seudy and oU1:1ining :he kinemaeies relevane :0 
ehe design of :he speceromecers and ehe deeect:ion of ehe dissociaeion 
produces. \1e eben proceed eo describe ehe "diffrac:ive speceromeeers". 
commene briefly on ebeir appllcaeion eo ehe seudy of OrE and finish vi:h a 
discussion of evene races, background and t:riggering. 

2. Single Oiffraceion Oissocia1:ion. 

A large fraceion of ebe proeo-proeon cross seceion ae ebe sse is 
expeceed eo be due to ehe proce.s of single diffraccion dissociation. 

p+p"p+X ( 1) 

p 

p ( e) 
p ____________ ~_____________ X 

FtG. 1 
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in ~hich one of che procons is exci:ed coheren:ly in:o a hi&h mass seace A 
in a low momencum cransfer collis10n. In cerms of che Feynman x-variable. 

x - 2 Pt; / Ji . che minimum c-value required for excicacion inco a •••• ~ 
is given by 

(2) 

1/2 
As It 1 . becomes s=aller than the mass of ~he pion. the "recoil" proton is 

:l:l.n , 
likely to re •• in incacc. leading eo coherenc or diffrac:ive-like phenomena. 
7he excited procon scace. upon ics cre.cion, di •• ociaces iamediacely inco 
~aarons, hence cr.e name aiffrac:ion Naissociation". The "coherence 
cor.ai:ion" is given by 

2 .. 
. - x -.-

s (3) 

2 
:he differencial cross sec~ion a a/acdx gro~s as t~e process beco.es 

~o=e .nd ~ore coherenc, ~.e. as It I or lox aecrease. :he gro~ch ac s.all 
I:: follows the wel~ kno~~ exponential beh.vior of classical aiffraccion . 
• hich is also observed in elastic scaccering. !he incre.se of Che cro •• 
section a~ s.all l-x is a purely quancum-mechanical pheno.enon involving 
~omen:~ ~ransfer in :he forwara racher than in che :=ar.sverse aireccion, 
-nich ~ine.acically cusc be associaCea ~ich a change in ~ass. Fig. 2 shows 

2 
:~e cross sec'!i~r. · .. ~:,sus lox fo= pp - pX a'! s - 5CC (~.\') . The enormous 
~ea~ .in che regic~ :·x ~ 0.:5 is ac:=ibuced co d~ff=ae:~;~ dissoeiacion ~l:. 
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2 2 2 
t.."ithin the di!fracti"'e peak. the cross section d C7/at~"l "'ariel.s :/~ 

.and obeys factoriz.a;ion and the finite mass s~ rule. This behavior is 
consistent with the hypothesia that diffraction dissociation is dominated by 

~ 2 
Pomeron exchange. 

2 
In the mass res10n 5 CeV < M < 0.15s and for It I < 0.1 

(CeV/c) . a useful 
'"' ." Jy ' • . . 

Io:here 

s;'o';)e 

A 

is 
:z 

= 0.7 • 
expec :oee 

parametrization of 

2 
d sz; 

2 -
~: c!."l 

0.05 rr.b .. nd b I 0 e.l 

:0 ~e . " . arou~d to 

:~e diff:-ac~i·.·e cross section 

..D- (b eot) 
:z 

~ 

• 1/2 :0 2/3. . -.~ .. :~ . sse. :h. 
2 

2c4 (CeV/c:) and therefore 

(Ge\','c:) 7r.e G':e:-age I tl of the diffractive states is thus 1:1 a .... e 

is gi ... en 

(.:.) 

elastic 

b ~ 14 

-!./b a 

: . 0:' ('~c';:'c; . C::lr:-es;or.C!i~; :0 
~~e :e:al s:~;le ~i::rac:ion 

2 
:~:e~:a~~~~ E~. ~ over :. a:~ ~ 

.. n .. verage production 
dissociation cross 

.ngle of -13 ~rad . 
section. obtained by 

f:om :h:eshold (- 1 .. . 
2 

C.eV) to 0.155. is 
;:.·.·en o .lSs .I CeV ). ·.:::ere :he factor of 2 acco~n:s for :he 

:a:: :~a: :c:h pro:or.s =.ay dissociate. At ~7 - 40 TeV. C7 SD - 27 :h. 

:"s =~t:S:'~:" 20 ~ of ::'e e:-:pee:ed ~ 2: :0: .. 1 cross section 0: -120 mb. 

\,;hich 

!:~! Poee:-or. -;:1::5 .i:': !.=~or:.!.:1: :-o:~ r.o: only i:-: S: :,u: also in .. 11 
::~!: c~::=ac:~··! ~~:::sses. s~:h as i:a5=i~ sca==!~~~i. ~:~ble di!f=a=~ie~ 
C~Asoc:a::o~ \::'. ::~ ~~d ::1 :~e :0:.: c:-oss sec::on. ~~~c~ is rela:ed ~o 
a:as~~: sca::e=:~~ :~=:~~~ :~e c?=i:al :~eo~e=. 7:.1 QC~ cese=:?~~o~ 0: 
--es'" "50--" --C--;S"'S .. :" ;"va-:-'Io.'" :-"0"'. a ':l_o-.e .. _-_-.. ·::~e --eo"'e-l<:al _...... _ _ r _ '- c ... _ fill> • _ _ ••• __ c..J ... w •••• _ ~ H,; __ ... -... _ '-_ 

s~:-~c~~:e. .~ ~:~:: ::l fo~~~ .. te s~c~ a sr~c~~re. c~e ~eeds :0 ~nov :~e 
c:oss sec::o~s 0: :~. abo~e processes. co~o~ly ra:a:-:-ad :0 as "ins 
physics", and :~= ~a:~=e and prope:~~es 0: ~he 4issoc:a:~on ?rQcuc~s. ~h. 
physics k~o"''':1 as "~.a:::i d:::rac:ion". There is an a.:'~r.da~ce of :~eoretical 
Qo~els ?redic::~; : .. r.e hea~7 flavor or gl~on-je: con:ent in hard 
c~::=ac~~o~. al:~o~;~ ~~e :heore:ieal eomcuni~ is ~o: unan1mo~ in i:s 
o?i~io~. !n ~ie~ 0: :~e 5:&11 momen~um transfer in d:::ractive ~roc.sse •• 
i: ~ .. s even been eo~jec:~:-ed [3: ~~a~ :::e "ro:eron e~.r;yn ::-ar.s:e:-=ed in 
~:g~ ~ass sn =ay heat :he ';)ro~on receiving i: :0 va:y high :e~er.:~: ••. 
leac1~g :0 a Qe~ ?hase ::ar.si:ion a: =ela:~~el~ lo~ e~::=a~:i~e cassis (-~CO 
Ge·:). a ;=:,ocess :ha: :r.:'.h: e:v;?lain :r.e C.~:,,'..!:o·::.::e e·.-e::s o~se:':ae in 
ccs:::'c ra:.-s. !e as i: n:ay, :r.e S:~C:.. 0: hard c~:::G: '::'c~ is ce:,:a:"~::" 
!.;:~e:es::"::g! 

A: :r.e sse. ~asses as ~i.h .s ~5 :e~ :a11 ~!.:~i~ !~e reg!.on 0: :~e 
~o~e=er.ce condi:ion. £q. 3. Al:hough. as poin:ed o~: G=e~e. :he ?roe~c:ion 
Angles of the masses :hemsel~es are s~al:. :he .ngles o~ :heir dissoc~a:ion 
?=oc~c:s are ger.erally qui:e large. 7he kinerr.a:ics 0: 5) .:-e s~~ari:ed in 
Fig.s 3. ~ & 5. 



Fi&. 3 
diffrac:ive 

laboratory 
by 

.hows the expected shape of the ~se~dorapidi:v d~s:~~bu:ior. of a 
cluster of ma •• ~. !he average ~ i. ~~ - In(:sl~). rhe ave rase 

angle. obtained by u.ing the relation ~ - ·2n:an(f/~). is given 

7h~s. masses i~ :~e :a~ge 0.8·12 ~eV. :agged by the propo.ed spec:~o~e:e=s. 
dissociate into e:~s:.~s of average a~gle 40·600 mra4. S~ch la~ge ang~es 
are easily covered b~ general purpose detectors that have b.en proposed for 
:~.e sse. 

t 

_ • i 

'7min - .:-. : 
" 

, , 
' . . , 

F!C. 3. Sc~e~a:ic drawin, o! :he charged par:ic~e 
pseudo:a~i~~:y di.::ibution of a di!!rac:ive_c:u.:er 
of mas. ~ c~eated i~ a pp-Xp coll~sion a: .5. 

rig. ~ shows ~~e cro ••• ection da/~~ as a f~c:ic~ of '7~. ::0= ~;. ~ 

a~d ;;~-£~('"sF-i). :.: follow. that da /e;;-~ - 2A. i. e. :he C~OSl sec:ier. i. ::a: 

£~~ ~&I c~. value 2A - 1.4 m~. The s~ad.d ar •• In :~. :~gur. :.~r.s.~:1 :~. 
=egion ~hat can be tag,ed by the d1!!~ac:i~e spect=02e:e:s._ Cl~s:e:s f:c= 
~e&m-gas non-diffractive collisions -~:~ be centered a: , - '7 /2 - S.3. Itax 
~o_ever. particles from .uch collisions will spread ove= t~e en:~=e 
~emisphere. from '7 • 0 to ~ • 10.6. 

rig. 5 shows the '7-di.tribu:ions ex~ected for diff:ac:i~e c:~s:e:s of 
di!!erent masses (see also Fig. 3). !he beam-gas elus:ers .re also 5~0.~. 
3eam-gas e~ents will be vetoed in the :~igger stage by re~uiri~g coincieer.ce 
~etween the recoil p:oton and the ~iff~active cluster. 
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3. The "Diffrac:ive Speccromecers-. 

The d1ffraccive speccromecers consisc of dececcors in."Roman Pocs~ 
located at appropriace stacions along the main rins on boch sides of an tP. 
The position of the Pocs is concrolled remocely. so chac they may be kepc 
away from the beam during injection and moved close to i~ after scable 
coascing condition. are actained. Particles created at the IP Within a 
cercain angular and momencum range are detected and cheir momentum is 
magnecically analy:ed ~sing the magnets of the machine i:s81f. !he 
fractional difference of the particle's momentum from the momentum of :he 
beam is related to the·diffractive mass (see Eq. 3): 

2 
~ _ l-x _ ::i 

p s (6) 

2 
The diffraction region spans approximately the range (2 aeV Is) < l-x < O.lS 
~i:h ~ne lower value corresponding to excitacion of the proton to isobars. 
If t~e cross section contin~es to grow as l/(l-x) at the sse, the 
di.::rac:ive peak of Fig. 2 is expected to reach a height of ei~~: orders of 
magnicuee' The diffractive spectrometers should be designed to cover as 
much of this range as possible. However. as we shall see, :here are -. 
limita:ions that restrict the accessible region to 4xlO < 1-x < 0.09, 
corresponding to diffrac:ive masses of 0.8-12 reV. For:~natelv, the ~ass 
region below 0.8 :a': can be covered '::Iy :he :emnab !e· .. a:ron (/5 - 2 reV). 

:,. .• ha-/e C:es~g:-.e~ :''':0 t),,?es 0: s?ec:ro:neters, 
~.r:ical one. cC~!=!~§ t~O different regio~s of l-x. 
c:esig~ c~a=ac:er:s:::s 0: aach ::?e. 

o 

::or:'zonta1 and a 
3e:o~. ~e discuss the 

A particle created ac 0 wi~~ momen:u= close to b~t smaller ~~an t~at 
of the beam se~:les into an orbit of smaller average raeius. ?ar~icles of 
the same momeneum b~: at small angles with re.pecc :0 :he beam ex.~i~it 
betatron oscilla:io~s around cheir mean orbic. The horizontal spec:rometers 
consist of a system of instrumented Pots placed at appropriate pOSitions to 
cetect particles :~at have been cap:ured within the aper:~re 0: :he ~achine 
and circulate as '::Ieam halo. The dis~lacemen: of such ?ar::'cles =ro= the 
bea: L~is is determined by the "lattice functions" Sx ~ arod ~x y' :~S. 6 

show. values of :he lattice functions in the · .. icini:)" '~f a m~di'.l.:l be:a 
i~:erac:!on region (IR). The loss of :nomen~ leac. :0 a horizo~:a: 
displacement ~ - ~x(~p/P) and :he c~ange in angle resu!:s i~ oscillations 

"it 1/2 
of amplitude ~6xLeff' where teff-(~x~)' Fig. i shows the pa~h 0: 
particles in a resion far enough from the IP. where normal ?eriodic 
condition~ are re-es~ablished. Oetectors ?laced at the indicated loca~ior.s 
comprise the spectrometer. rwo of :ne locations are also shown in Fig. 6. 
:he detectors on :he outer side of ene beam are used for ~easurin, elas:~c 
scat:ering in conj~c:ion with the mirror image of this arrangement on the 
other side of the IP. which is also nesssesary for the study of DPE. 

!he acceptance of the spectrometer is limited on the high momentum side 
by the size of the beam. which determines the minimum approach of the 
detectors to the beam axis (-10~ is considered "safe-) and on the low side 
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. by ~he size of eh. beam pipe. which has a diameeer of 32... The followinl 
equations are us.ful 1n evaluacin& che paramecers of the s,eccro.ecer: 

u- "x " ( 7a) p 

I.eff • 
* 1j2 

(Ix' ) (7b) 

t1 • (c 
1/'2 

(7c) X 'x / 'Y) 

I clel - [(Uac 90° /I.eff ) Pbe .. 1 1/2 
(7d) 

Table I shows some charac:er1sc1cs of che horizontal .,eccromeCer, ... 
'.o:hich ha· ... be.n calculaced l.lSing che valu.s "x· 2.5 m, 'x· 250 .t I· 10 • 

and normalized .miecance c • 10. 6 m-rad. The be .. wideh ae ene locaeion of 
:h. Poe. eurns ouc to be t1 - 110 ~. so thac a 1 am minimum distance of ehe x 
deeec:ors from ehe beam should be aecainable. ~ already m.neion.d. the 
~&Ximu: disearoce of 15 == is impos.d by ehe b.am pipe. 

Table I. Charac:eriseics of che Horizoncal Speccromec.rs. 

Oiseance 
!r'om bem 

~P/P 
(l·x) 

1 !.xlO 
.4 

2.5 lx10 
.3 

15 6x10· J 

Mass M Mass 
(for c-o) 

TeV 

O.S 

1.3 

3.1 

R.esolueion Elascic 
d!iIK I CI 

(C.V/c) 

S.3 , 0.16 

3.3 , 1.0 

0.6 36 

2 

!he mass resolueion ~s calculaeed from eh. momeneum reso1u:ion using £q. 6. 
·.-hien y;.elc1s 

~­M 
d&.a Ip , 
l·x (8) 

:he ~oce~tum resolu:ion has ~o cor.:r1bueions: One from :he dispersion in 
:he ~ea:: i:self. 

• s 
(~p/P)be&m - 5xlO (9) 

and :~e ot~er from the uncer:ainey in the measuremene of ~x. which is 
dominated by the beam wideh of 110 ~ (~e assume chae che deeeeeor spacial 
r.solution is - 25 ~). Using Eq. 7a. we chen obeain 

(10) 



· ;3. 

.5 
Combining (9) and (l0) in quadracure re.ules in a :ocal d(~p/p) • 6. :':dO 
which sub.cicuced inco (I) ,1ve. che value. lisced !n table I. 

The decer.1nac10n of ch. absoluce value of :he mass require. knowledge 
of che absoluce posicion of che Pocs relacive co che b .... This is obcained 
by employin, cwo Pots ac every scation. one on each sid. of the beam. whose 
separacion ls known. Placing the Pocs ac eq\l&l aiscanc. from che beam. 
~hich can be aone by aemandin, symmetry in the obse~·ed elastic scactering 
events. gives che ais:ance of each one from the beam as one half of :hei~ 
separation. 

A final point :0 be maae 1s chac :here are four d.cector stations in 
each speccromecer a~. as shown in Fig. 7. Ac ~JO of the scacions, those a: 

o 0 
~hase angles ~o+ 180 and ~o+ 360 . particles of the same momencum (same 

~ass) b~: creaced ac d1:~erenc angle. (aifferenc c-values) regiscer ac ~~e 
sa:e x-position. !hese aecec:ors may therefore be chou,h~ of a. 
"diffractive malS sj?'C;;am'kers". The other:wo aececcors are \IIeful in 
~ater=ining .ehe t-val\ie. !he s:ste~ of four decectors provides the 
necessary reaundancy. 

-3 Protons created ~i:~ ~omentum such that ~p/p > 6xlO ao not resiscer 
in ~he horizontal spec::::!:ers. In oraer :0 ex~end the accepcance co 
:arger values of ~~ - '~ence lar,er masses), we propose :he "vercical 
spectrometers". ~h!~:' :~~~a aavanca,e of the ver~!.cal crossin, magnet 
a:=angemenc at :he:? :~;. 8). A schema:ic drawing of :he Po: locacions is 
shown in Fi,. 9. In :~:~~:: ~e lis: :~e spec::ome:er cha:ac:eristics. 
ob:ainea from ::q.s - ..... ~:;. :: su~stit1.:.:ec! fa'!' ~. ~sin; e.~e va:'.les "v· 0.175 In. 

* Sv. 200 m and :J - 1: - '-'::~=:' a'!'e appro~'!'!a:e :0: :~ese loca::'o::s. The beam 

lJ!.a:h is calcula:ed -::: ':a ~ • 100~. ':'he :ass resol·.ltion is obcainea frem y 
!q. 8. ~i:h d(~p/p) co~:~a:ed nov by :he ~osi:ion resolu:ion. ~h~ch has :he - - - _. value - a / ~ • , .. ~_O . 

Y Y 

rable II. Charac:aris:ics of :he Vertical Spec:=ome:ers. 

~is:ar.c. !.P/~ Ma.s M :~ass aesolu::'on ~las:ic 
:1'0::: beam (l-x) (for :-0) d.~r.t 

%rJ:I reV 

1 S.7xlO 
_ J 

3.0 5 \ 
_2 

2.23 1.3xlO ~.5 2.5 , 
.2 

5 2.9xlO 6.8 1.1 , 
15 0.09 12 0.4 

As vith the horizontal spectrometers. :vo Pots 
locacion. one approaching the beam from the top and the 

:: I 
2 

(CeV/c) 

0.2 

1 

5 
58 

are used at each 
other frail the 
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Fig. 8: ~~gnet arrangemenc ae a low-beea IR 
o 

ver~ical crossing (90 lattice). The arrangemene 
at :~e medium-beta IR's is similar. 

r DETECTORS 
~ 

... - 0 
t ---B 

35cm 
• /3 =10 m 1 

F!G. 9: Schematic drawing of Po~ loca~ion in a ver~ical 
spectrometer arm. The broken line repres.n~s the pa~h of 

at. 0 "l •• ding proton" cre.~.d at the IP. 

!GIl '" I 



bot~om. E.Stic events vill be us.d asain to position :he Pots symmetricallv 
with r •• p.ct to the b.am. Th. employm.nt of tvo stations Ln each arm of the 
spectro •• c.r i. n.c •••• ry for the simultaneous d.termina:ion of the mom.ntum 
and tovalu.. A mlrror lma,e arrangement on the other side of the IP is 
required for the study of .la.tic Icat:erin, and double Poceron exch.n,e. 

~. Doubl. Pomeron Exchan,e (DPE). 

Double Pomeron exchange is characterized by evo leading protons. each 
having the properties (t .nd x ciistribution)of the recoil proton in Single 
diff=act1on dis.oci.tion: 

p • p - ? • P • X (11 ) 

p--------------------- p 
I 

P I (~1) 
~E=====:: X (m.ss !'l) 

p I (t ) 
2 p 

FIG.10 

~e proposed di!:r.c::'ve spectrometers m.y therefore oe ~s.d :0 study this 
process. provided ::'a:: are ir-stalled on both side. of a:l !? AS alre.dy 
~entioned. such a~ a==angecen: is also necessary for =he s:~dy of ela.tic 
scattering. 

:be main in:e=:!: '- :?~ is in ~robi:lg :~e s:~~c:~=e ~: ::'e Pomeror. in 
?~re Pomero:l-Pome=c~ ::::~sions. r.~e di::erer.:ial cross sec:ior. is also of 
interest as i: pro~~~as a s:rict :es: of fac:ori:a:ion. 

!he kinema:i;s .~~ cross sections of ~?E are summa:i:ed below: 

l lox t 

Y!i - l~ (:a?ici ::t 0: :nass !i) 
2 .ox2 

2 : • d g d ~~ ..; . 
l -:: 
~T d: 1 Cx t d: 2 Co"<2 

2 

-0... Co de. 
A :::b 

~-)( 
e J - 0001. 'Where d q 

dt d.x 

2 
l 2 ~ 

, .L 2 g q l ~ - .. .c:1(:-! I ~) 2 l 
l 

~! s d.~ ~- !'l :I:ax 
d(M /s)dy .. 

l !of a.. l 
~ - 2 in ~ 

~T !1min 
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Th. momeneua acc.pcanc. of our diffraceiv. Ip.cerom.e.rl. 4xlO- < lox < 

0.09, corr •• ponda co OPE •••••• in eh. ran,. 

16 C.V < K < 3.6 T.V 

Th. acc.pe.d cro •• s.ceion i. 0.24 .b. which i. aboue 40 , of eh. eoeal OPE 
eros. s.ceion." Th. mass r •• olueion vari •• froll -12 , .e low ma.s •• co -0.6 , 
ae 3.6 T.V. Cl •• rly. the propos.d double arm diffraceiv. spec:rom.e.rs ar. 
v.ry well s~ie.d co s:udy the v.ry promissing OPE proc.ss. 

5. Ev.nt rae •• , background and eriglering. 

Seudies of "hard diffraceion" require high lumino.iey. 
evenes muse ~e eagged. such seudi.s cannoe b. p.rform.d in a 

Howev.r •• ince 
high b.e& III ... 

(~ - 0.5). where :he averag. number of ineeraction. per bunch crossin, 1s 

* .xp.ceed :0 b. - 1.5. !h. m.dium b.ea Ill's. wieh ~ - 10 II and a de.im 
S1 2 

l~inosity of 5.6 x 10 jcm s. are beeter suited for diffraceive eag,ing. 
Th. SO cross sec:ion within the mass acceptance of e.ch 5peCtrOIl.e.r 
(horizon:&l or vertical) is - 1.9 mb. which is r.duc.d co - 1 lib by ehe t­
acceptance. Th •• xpected SO "r.coil" proeon rae. in each speceroll.eer arm 

• is :hen - 6 x 10 Isec. 

The de:eceors ~i:~. of course. also be couneing 
interaceions. As an .s:i~te of beam-gas rates. we 

particles from b.am-gas 
no:e chat at a pressure 

- II 
of 10 '!'or= 0: t:::==gi:':. :~e nu::=er of interac:ions ex?ec:ed to occur in a 

4 
100 m ;lipe lar.;t :'5 -~o Isec. Such rates are rela::.":el::: 5::all and can be 
handled by re~ui=i~; co~ncidence be~een the spec:=o::e:er5 and :he 
di:::-ac:i-:e clus:e=5. 

A more serio~s p=o~lem is posed by the b.am halo c=ea:ed ae th. low 
b.ea. high luminosity ~R's. As much as 10 , of eh. pp cross section results 
in leading proeons ~e~ng capcur.d in :he machine. creae~ng a halo at a rae. 

f 

of - 10 Is.c. 
beam sc:-ap.rs. 

:~e equilibrium 

?e:e:,e~cas. 

I: is !~.r.eive ehae ehes. proeons b. :emov.d by eh. use of 
Ass~ing :hae the halo is "killed" within a few r.volutions. 

• rate is expected :0 be - 10 Is.c. which is again tolerable. 

:. K. Coulianos. Physics ~epor:s Vol.10l. ~0.3. Oecemoer ~183. 

2. K. Couli.nos. "Diffrac:ive and Rising C:'oss Sece1ons". Proce.~1ngs of 
~o:'kshop on Physics Si=ulaeions at High Energy. ~niversi:y of ~isconsin­
Madison. 5-16 May 1986. ~orld Scieneific (Edi:ed by V. Sarger. T. Coteschalk 
and F. Halzen) pp. 127-140. Also: To be published 1n "Commenes on ~uclear 
and Particle Physics, Gordon and Sreach. Science Publishers. Inc. 

~. K. Goulianos. "A Hod.l for Ceneauro Produceion", Proceedings of ~orkshop 
on Physics Simulations at High Energy. Univ.rsiey of ~isconsin·Kadison. 5·16 
May 1986. ~orld Scientific(Editad by V. Sarger. T. Coeeschalk and F. Halzen) 
pp. 299-312. Also: To b. published in "Comm.nes on Nuclear and Particl. 
Physics. Cordon and areach. Science Publish.rs, Inc. 
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. r DETECTORS , 
- .... - IIili 

IP t -'-m 
35cm 

• /3 =10 m , 

Distance Ap/p Mass K Mass Resolution 
from beam (1-x) (for t-O) dK/K 

111m TeV 

1 5.7xlO 
.3 

3.0 5 , 
.2 

2.25 1.3xlO 4.5 2.5 , 

5 2.9xlO 
.2 

6.8 1.1 , 

15 0.09 ~ 12 0.4 , 



The horizontal sp·ectrOllltlleF 

t 
\ +360° 

+270° 

\ 
+ 1800 

Distance t.p/p Mass M Mass Resolution 
from beam (l·x) (for t-Q) dK/K 

DUll TeV 

1 4xlO 
.f < 0.8 8.3 , 

2.5 lxlO 
.3 

1.3 3.3 , 

15 6xlO 
.3 

3.1 0.6 , 
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SPECTROMETER PARAMETERS 

~ 
6x -"x p 

* 1/2 
Leff - (fJxfJ ) 

MASS RESOLUTION 

~ gJJ _ d(6p/p) _!*,p/p) 
~ Ii 2 ~ l-x Ii /s . 

.5 
(6p/P)beam - 5xlO 

d(6p/p)position = ax / "x 

I~DJ 
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FIG. 4: Single diffraction dissociation csoss section 
da/d'M versus 'Mt where ;K is the average pseudorapidity 

of ~.cluster of mass M. The crossed area corresponds to 
the acceptance of the -diffractive spectrometers·. 

pseudorapidity " ~ 

FIC. 5: Charged particle pseu~orapidity 
distribution for various mass values. 
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HARD DIFFRACTION 

Event and Background Rates 

-;'c 
fJ = 10 : 

31 2 
L =5.6 x 10 Icrn sec 

Sinelc DiEE. x-section within acceptance of each spectrometer: 

" -1 mb - - - - - - --.. Rate: -6 x 10 Isec 

" Beab-gas rate: -3 x 10 Isec 

4 
Bea.m halo from 10\'1 beta IR: 10 Isec 
(assuming halo is "killed within a fetal revolutions) 

4 9 
Occupancy of buckets by background: - a fe'alxlO./(lO 115) - 10 


