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Abstract

Experiment pp2pp at RHIC aims to measure the total cross section
and elastic pp-scattering (polarized and unpolarized) in the encrgy
range 50 < /s (GeV) < 500. The Inelastic Scattering Detector .
(ISD) is foreseen for counting events in the whole solid angle of the
inelastic cross section ¢'™. It will be also used for measurements of
charged particle multiplicity and for vertex reconstruction of events.
Some parts of the ISD will also monitor collider luminosity. One of
the major goals of the ISD is to veto the elastic trigger accompa-
nied by the background particles. Separately the Elastic-Scattering
Detector (ESD) installed in the Roman Pots (RP) will count the elas-
tic scattering rate. By combination of data from ESD and ISD one
can extract the total and differential cross sections. In this paper we
present a detailed description of the ISD,
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At The pp?pp Expenment at RHIC [l] plans tcl measure the pp - tota! and

_elastic scattering cross sections, including the determination of slope pa-
rameter b and the ratio of real to imaginary part of spin nonflip amplitude
; 'p at forward direction. With the advent of polarized proton beams all these -
measurements will be extended in order to include the spin physics study in

i the region of RHIC energy (50 < /s (GeV) < 500). To reach such a goal the

- pp2pp collaboration is building two types of detectors: the main detector,
Elastic Scattering Detector, with high space resolution for measurement of
-~ pp - elastic cross section in the wide interval of invariant momentum trans-
i fer —t (1073 < —t ((GeV/c)?) < 1.2) and the Inelastic Scattering Detector.

- The latter will be used for independent measurement of inelastic cross sec-

“tion. Another function of ISD will be to veto the trigger for ESD in the
_case of inelastic scattering background, A third function of ISD will be to

" serve as a relative luminosity monitor (LM). The ISD counters are useful

also in the case of tuning colliding proton beams in the Interaction Point
(IP), for example, for measurement the charged particle multiplicity, for re-
construction of the event vertex, in the process of luminosity measurement
by van der Meer (VDM) technique [2] or by fast wire scanning method
[3], [4], in passing from the RHIC normal operation mode to the Terwilliger

... mode [5). This paper is devoted to the detailed description of ISD for pp2pp
- experiment at RHIC. The first section briefly reviews the known schemes of

-~ or measurement, the second one describes the running conditions and the
* third section is devoted to the ISD realization scheme. The radiation level
. estimates are ptesented in Section 4. The fifth one ptesents the Cathode

fai Strip Chambers ser\rmg for the vertex reconstruction, the multiplicity mea-

" surement and the precise estimation of the inelastic scattering cross section.
" Section 6 features the data acquisition, electronics and triggers and section
"7 underlines the experimental procedure and scheme of data analysis. The

possible corrections to the observed total cross section Tobs are discussed in

. section 8. The cuncludmg pa.ragraph summarm&s the ma.m results of this

v
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1 The Survey of Schemes of Total Cross Sec--_'_
tion Measurements ' : Y

The total Cross sactmn measurements at mlhders (ISR SppS and Tevatmn)
ha.ve been made by four methods. They are the followings: :

. The direct method. T]'us means' the measurement. nf the total
1ntera.ctmn rate

. Ny N . oot 15 R g
where N¢! and N'™¢ are the total elast_il:'and inelastic rates respectlively.
The apparatus must cover 4« solid angle. In reality the vacuum pipe in
colliders puts a limit on the minimum acceptable angle 0,,in. Therefore,

the measurements are done up to this angle and then one makes an extrap-
olation to correct the oo5s for undetected events. Sometimes to improve

the precision of measurements one uses an extension of ISD using Roman

Pots (RP) and thus allowing to reach the smallest angles. Assuming that

the machine luminosity L is known from an independent measurement, the =~

total cross section can be determined thmugh the relation

Sep e NpfLo v, A .""('2}"- '

The examples of such a direct measurement of or are pre:sent.ed in Table .'.
1, column I, taken from experiments [6], [7]. It is evident, that the precision .. -
in o of order 0.5 - 1 % can be reached only by special techniques, like using

* the Terwilliger scheme (to diminish a beam size), beam scrapers (to decrease
the beam emittance), the precise measurement of beam luminesity L by the

van der Meer method and the sophisticated apparatus (> 400 channels of
scintillation counters). Moreover the elastic events were measured by a,

separate apparatus installed at small angles. - - :
1.2. The indirect method. Thisis based on the apt;cal {heorem -

lating the differential cross section of pp nuclear elastic scattering in forward - r

irection (45" ) d the tota
direc ion. (T iop 20id the I cross sectlnn or (see F:g 1):

AT s oa ) T R SR
( dt ):-u irﬁw(ﬁc)i g Ty ,._-_.-_.,-:_{3).;

Usually the dlﬁerent.lal Cross sectlon T is para.met.ensed in the regmn uf

nuclear scattermg (see tegmn I in Flg 1]. as ° .:,.__.._._ e g s S

L = "'. A B e d Ry
L = & g St es T s
AR T
= T o e T
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e e bisa slnpe parameter Therefnre, ("":l)‘.' . should be defined by

o .extra.pola.t-mn of elast.lc events (measured) %_(_2 to the t = 0 pomt

A dN"(t} do T Sl —bt _ dNﬁ(ﬂ) T
_ -dt > L"_ dt.-_ L( 4:&.)\‘_1:1.dr ; _dt : . (%) _
-where "7 L d.’f ,(0) d' : sl
; a ﬁ‘ -
dt L ( dt ) (ﬁ]
- 'Frnm relatmns [3) and (E) one can extra.ct | _
iy I T 1 (16m(he)? N\ 172
g £ [ VIL(1+0%) ( ):_n] ' 0

5 G taking L, l'umim'::sity,' and p' values from i'nd'ependeﬁt.measurements. one

can determine op. The fractional error in or due to the uncertainty in
the luminosity is half of that.in the first method. This is the simplest
" way to determine or. The examples are presented in Table 1, column II
[8], [9], [10). Comparing with the previous example one can see that the
. precision of or is not so good in this case as it was in the direct method.
The most limiting contribution comes fmm uncertamt.}' in the Iurmnt:nslt.:,lr L
measurements.

~1.3. The CnmblnEd Method. In order toa.vu:d the luminosity
measurement, the following technique was invented ( [11], [12]). From (2)
and (7) one gets an expression without luminosity

P 2 aly o
16x(hc)? (dN ) : (8)
; (1+p)Nr \ dt Je=0"
2 Ted igpts of detecians, BSD asd 15D, gaiet bisused in this case. Addi-
tionally it is assumed that p is known. The results of using such method

are given in column IIL It is seen that the precision of o7 measurement is
better than in the column II.

1.4, The Coulomb Scatterlng_ This methnrd is based on the the-
. oretically very reliable differential cmss-sect.mn (see Fig. 1, region I)

do(t) ~ 4ma?(he)? : :
8 e, (%)

where a is fine structure constant and F(t) is the _-prnt.nn electromagnetic
~ form factor. Its application requires access to the Coulomb scattering region,

ET -—
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which sits at [¢] < Jto]; where |to] =-1.6 - 10-3 (GeV/c)? (for o7 = 40 rib); :

a point where the Coulomb cross section is equal to the nuclear one. Since

[to] is practically constant at a varying initial momentum Pin the Coulomb: “
scattering angle must be smaller t-ha.n .-

: (mra ) S0 piﬂ Eopkng ( _ )

For ISR momentum p;, = 15 G'eV__ we can find the value 8y < % ~
3 mrad. This corresponds to the displacement of the scattered proton from
the beam axis of about 3 ecm at the end of the ISR 10 m long straight
section. The experiment [13] was able to use this technique at two energies
Vs =23 GeV and /5 = 31 GeV at the base of the 10 m space. Reference
[13] states ” As it was impossible to operate at angle smaller than 2 mrad,

the Coulomb measurements could not be perfnrmed for beam momenta .

above 15.4 GeV/c”. The results of this experiment are presented in Table’
1 (column IV); 2 % precision in o7 measurement is a good achievement.
But according to the relation ( 10) this method can not be directly nsed
at higher energies. The modification of this technique using the accelerator
lattice structure and a high §* insertion was successfully applied at the
SppS [10] and the Tevatron [14] for measuring the p-parameter. But in
these experiments the absolute normalization comes from direct luminosity
measurements, not from the Coulomb cross section. No publication using
- this method for o measurement at SppS and Tevatron exists. Presumably,
it is a difficult technique for application. - : Sl

The simplest and reliable method is a direct measurement of op:wemust

use both types of detect.ﬂrs EbD and ISD and maLe a preuse meagtrement
of luminosity. : - :
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Table 1: Summary of experimental data on o7 measurements

Facility,

: or, mb
reaction, Vs 1 I I1I IV | Ref.
experiment. | GeV Dir. [ndir | Comb. | Coul. :
£ Meth. Meth. | Meth. | Scat.
Tevatron,pp | . :
E710 1800 | T2.1 [11]
. +3.3
1800 [ 78.3+5.9 [7
.CDF 546 61.26 (12]
+0.93
1800 80.03 [12]
+2.24
1800 72.0 8]
+3.6
~Sps
UAL 540 67.9 [9]
+5.9
UA4 541 63.0 [10]
| - +1.5 '
ISt (R210) -
pp 30.6 | 40.22 +0.21 (6]
- pp 92.6 | 43.01£0.27
pp 62.7 | 43.82 £ 0.30
pp 30.6 | 42.8+0.35
pp 52.8 | 44.71+ 0.46
7] 62.7 | 45.14 + 0.38
pp 23.0 38.9 | {13
+0.7
pp 31.0 40.2
+0.8




2 The Running Conditions it

Three different runmng cundlt.mns are fureseaen for the pp?pp experiment.

The:,r are as follows. * - ot v i
1. Total cross-section measurements in the energy interval 50 { f

(GeV') < 500. Such measurements can be done at the first stage of operation

of RHIC since one can use low intensity beams, L = 103! em~2s~1. The

accelerator tune at the crossing point may be a standard one with g* = -

10 m. The elastic scattering up to |t| ~ 0.15 (GeV)? has to be measured
simultaneously as it was discussed in the previous section. This is necessary

in order to extract the total cross section from raw counting rates. The s

normalized emittance is expected to be of order ex = 20 @ (mm - mrad).

2. Elastic differential cross section measurements in the Coulomb-nuc -
lear interference (CNI) region. A special tune of RAIC must be achieved to . *

get the transverse betatron function §* = 195 m. In this case the luminosity
is supposed to be of order L = 10%° em~2 .5~} and ey = 57 (mm - mrad).

3. High luminosity polarized beams. The elastic scattering and pnla.rs_'l‘.' ;
ization measurement will be done at luminosity L = 2-10*2.em=2.5s71 with -
the goal of reaching the highest pr region. The normalized emittance is - .~

supposed to be kept on the level of 207 (mm - mrad). The special tool - .
~ polarimeter will be used for quantitative measurements of both beam pu—__,
larizations which are expected to be of order 70 - 80 %. :
The above information allows us to calculate the beam parameters whlcll ;
are presented in the following Table 2 for the 3 listed above running condi-
. tions. In this table o, means a "diamond” size in z (heam) dlrectmn Apfp
- beam momentum spread, Pg - beam polarization. i
Table 2 shows the main beam parameters which are essential for proper
detector design. For example, in the energy range of RHIC 50 < /s (GeV)
< 500 the yields of charged particles and their mean multiplicity are no-
ticeably changing (Fig. 2, data are taken from Fig. 36.9 in [15], p. 186, the .
open circles for /5 = 200 GeV and black circles for \/" 546 GeV). The

scenario 2 (column 3) shows that the small normalized emittance ey and :
the large beta function B* are strong prerequisite in order to get. a parallel B

beam for CNI measurement, though losing in luminosity. :

Since our goal is to cover by Inelastic Scattering Detector a whole scnhd;" £

angle around the Interaction Region (IR) one needs move the detector closer
~ to the maxlmum rapidity regmn whtch I8 et o P i e v '

St o ymn: = ﬂma: "L" I“i‘:—z e _ {11)

% . ] LIRS



Table 2: Beam 'p'a.ra.meteré; |

; Ymazx (545) =

Scenario # | 2 .. 3
V'S, GeV 200 500 500
By = oo ‘10 | 195 i0 -
EN, mrn mrad 207 2. 5. 201'..'
gz =0y, . mm | 055 | 0.78 0.36
Or = Oy, prad 55 4 35.4
L cm-ﬂs-l -] 10% | 2.10% | 2.10%2
Tl < 10 |- 15 10
- Ap/fp 10-3 | .30798
" Pg,% - 70 - 70 70

For /s = 200 GeV and 546 GeV they are ymqr (200) = 5.36 and
6.28. But the existing experimental data cover the region
< 4.8 (Fig. 2). In order to make an extrapolation closer to yma=(1/5) we .
made fits to the experimental data at /5 = 200 GeV and \/'_ 546 GeV .
by the Gaussian functmn, : | B an e,

i s 75 n g

Lo .dar =al- e'%ﬁ_- Ty, Vo (12)
ﬂ"‘ dl‘]' 2 ; !

: For the fit, only data at t.he [‘alllng edge were used The paramel:ers of
i the best ﬁt are the foilnwmg 70 e : ;

-ﬁ:ﬂuuaev_'-: ; s D ae _
. al = 2.76+0.07, a2 =1.79£0.18, a3 = 1.83+0.13,
; _
X" =

% _ 1.03/d.o.f. for 12 points and
=546 GeV ;v e i Y .
L al = 2974+0.12, a2 =2.16+0.22, a3 = 1.87+0.15,
. x* = 0.77/d.o.f. for 11 points. (13)

~* The fits are presented .h}r. solid lines in Fig. 2, while dotted lines are extrap-
~ olations by formulae (12) with parameters (13). The dot-dashed lines show



the linear extrapolations to npyaz- The inelastic counting rate for each ISD
counter can be estimated by the relation

R PRI et Pl
Rin = i ,.ﬁL-..a- _ .MZ (a_“ o -.m;;,). (14)

Here ¢'® = op — ot and summation must be done over the whole ac-
ceptance region of the detector (counter). The sum itself gives a mean
charge multiplicity 7@ in the a.ccepted rapldzt.y reglcn Later we shall use -
this relation. ' :

Another important item is t.he relat.we contribution of inelastic mul elas- ks
tic cross-sections to total counting rate. As was discussed earlier one needs -

to measure both cross-sections and extrapolate them to the forward angle.
We know how to do it: relation (14) furnishes a necessary tool for inelastic
counting rate estimates. For elastic scattering we use the well known relation
(4). In this approximation there is a relat.mn between o' = [(do*!/dt)dt,

(da‘"}'dt}n and b: e : _ s

The counting rate for elastm scattermg can be presented in a way smular
to (14) 3 : :

. dcrﬂf bl '_ - '
ﬂti' =1L. Erd E (d‘d ﬂ‘i ) : T il (lﬁ)
ST =t TR
or through relations (4), (15) and (16) one can write '

ng=L-o% b)Y (e7M.Ay). - 2l o8 (1?)
e . : g
In pra-::hcal case n;, and n. are measured by different detectors, sub-
tending different kinematical regions and having different geometrical ac- -
ceptancies s‘ Therefore, to make a total counting rate one needs to take
into account those factﬂrs mcludmg the efﬁmenc&es Byt !

flT=ﬁ=:ff5¢:'E§}+ftiﬁf[5£n--€;”)=5'ﬂr- o (13)'-.".'

In order to compare the expected counting rates. n, and n;, Fig. 3
presents their # (angle in lab. system) dependences. The inputs in calcu-

lations were: p = 100 GeV/c (vf;.=__200 GeV), L = 10° "7"—2.'.5'_'.%, f""u__ P

P T



geumetnc acceptances a.nd 100 % detectcr eﬁimentles It is seen that at .

this energy, at angle ¢ = 4 mrad, ‘the counting rates become equal. This

; L:'—_ angle corresponds to t = —~0.16 chz -Therefore the counting rate at

lt| <0.16 GeV? is dominated by elastlc scat.termg and at- |t| > 0.16 GeV?

s demmated by melasl:lc sca.t.termg

H_3 The Inelastlc Scatterlng DEtECtor (ISD)

Thls apparatus wﬂl detect the charged hadmns in a 41r solld angle and
: needed with t.he Dla.ﬁt.m Scat.t.ermg Detector (ESD) for t.he following goals:

° to measure l:he mela.sttc cmss sectmn, o ey

t.o measure , the tol:ai crass-sect.mns, ey

to tngger for the diffraction dlssoclatmn pmcesses

 to pmduce a fast s:gnal for vetcung a trlgger for ESD in the case when

"elastic scattering” is a.ccumpamed by assucmted mel astic charged
pa;rtmles : :

¥ 1The fallnwmg requlremeuta must be I'ulﬁllad b}r’ ISD:

._- covers a]mosl. 4r solid angle* and futmsh a "full mcluswe trigger;

i has a gnod time resolution (better than 1 na} in order to detect mostly
beam - beam mteractmns, et

e has a vertex recunstructmn ablht.}* w:th a prer.:smn of order o, (in
beam direction) = 100 mm, and in transverse to beam directions

" 0z,y = 1 mm. This must furmsh a good :dentlﬁcatmn of beam-beam
S ._e'rents agatnst backgmund ; :

. fllIﬂlShBS a relatwe momtur fur beam !ummoslty measurement

: -~ The. Eapldlt}' mterval whlch shnuld be covered by ISD can be determined
from the experience of UA4. At Vs = 0.55 TeV (which is close to our

. upper energy limit at RHIC) the UA4 rapidity coverage (17] is shown in the

~Table 3. We expect to achieve a similar coverage in our experiment. The
- last column indicates the portion ofmelastlcally produc&d particles escaping
the detectors. : :

s 1 |



Table 3: The rapidity coverage for a fully inclusive trigger.

-

Experiment. \/;, Ybeam Nrnin Timaz &’? Ybeam — ﬂNiﬂeh
GI_EV Thnax %o

UA4 946 6.4 25 | 56 | 3.1 0.8 1+0.3
pPP2pP 500 63 | 282 | 543 [ 26| 0.5 1.3

The possible scheme of installation of ISD at 2 o’clock IR of RHIC is

shown in Fig. 4a. The ISD is composed of 3 parts: the Central Detectors
(CD1 and CD2) surrounding the Interaction Point (IP), the Forward Detec-
tors FD1-FD10 covering the large rapidity region, and the tracking detectors
consisting of Cathode Strip Chambers, CSCII CSC23. The fol!owmg mputs

have been taken into’ cnnmdcratlons

: L =,
e the experimental beam plpes (EBPs) have the complicated struc-
ture [18]. To maximize the transparency for the experiments, the
1.5 m central sections of the EBPs were made of berillium (Be). The "

outer diameter (OD) of Be sections is 7.6 cm and the nominal wall -

thickness is 1 mm. The Be section is extended by aluminium (Al)
tube of 7.6 cm OD and 1 mm thick wall up to the distance 407 cm
from the Interaction Point (IP). Then Al section gets a conical shape
and expands to OD = 13 em at 518 cm. At this OD the Al section
continues up to the end of EBPs (861 cm from IP). The space for the
IDS installation is limited around IP by a distance 700 mm, hm:ted'
by the ion and titanium sublimitation pumps;

the apparatus must have a cy]indrical symmetry, that is, cover a whole
azimuthal angle and should be placed at radius Rpin > 40 mm(l <
3.0 m) and Rpmin > 60 mm(f > 3.0 mm); . % et

t.he forward detectors must ﬁt. tn the existmg free spa.ce ( < 8 m frum
IP). - ; : ol

In order to suppress the accidental counting rates it was decided to put.' :

any counter in coincidence with neighbour counters. It is also desirable to Fo

have a standard size fur counters. Our appmach i 1I1ust.rated b}r Flg 4b. .

.

D



- We fix the position of counter 9: z(9) = 650 cm. The outer radius of any
counter we also fix at R3 = 8 em(! < 3.0 m) or at 3 =.10 em(! > 3.0 m).
The inner radius R2 depends on the beam pipe. R2 = 4 em(l < 3.0 m)
ot R2 = 6 em(! > 3.0 m, detectors FD7 - FD10) (see comments above).
The beam diamond size is taken as = 3 - 0peam = 30 cm. We require that
the bottom side of counter 7 sits on line presenting an extreme upper angle
determined by counter 9. Then position z(7) of counter 7 is defined through
relation (in cm) - : :

Z(ﬂ — '2) = [z(n) - 3{]] . R{ﬂ i 2];“;“/&(11)111:: + 30, (19)
where n= 9. Positions of all odd numbered counters were determined
- through this relation and they are presented in Table 4. The position
of counter FD8 is defined by requirement that it is to be placed just in
" the middle of counters FD7 and FD9. Then the position of even numbered
~ counters are defined by similar relation (19). Counters FD10 were however
placed at a fixed position since there was little freedom. In Table 4 are
shown also the minimum and maximum angles and rapidities subtended by
each counter assuming a pointlike IR (Interaction Region). The expected
counting rates calculated according to relation (14) are also included in
this table. The calculations were made for /s = 500 GeV and luminosity
L=2-10% ¢m~2-571 (Version 3 of Table 2) Since '™ = 50 mb, it follows
mmeHwT“

FDs should fulfill several addlt.mnal functmns in the case of the unpo-
- larized beam collision. First, they monitor beam luminocsity. For that the
FDIR (right) and FDOL (left) will produce a coinciding signals featuring
the beam-beam collisions. At the first stage one makes an OR signal from
each plane (FD8, FD9 and FD10) mixing with a good timing signals from
6 counters in each plane. So, we label them as S8, S9 and S10. In order to -
suppress noises- we make coincidences S8 x S9 and S9 x S10 and then mix
them. So we hawe a signal

T9 = S8 x S9 + S9 x S10. : (20)

This presents a telescope. Similar signals will be shaped from other
detectors. In order to avoid a firing from the background particles moving
along the EBPs one plans to use a veto signal from T7 or T6:

Vo=T6xT7. (21)

~ So the right Iuminésity monitor will be arranged' in the following way

13



MQR TBRxVRg {22)

- The coincidence of- ]e:ftr and rlght. telescupes wlll furmsh a re!atwe lunu- 5% _'

:ms:t.y momtor

C o UMesMeRxMaL. T eyl
All above counting rat&s shﬂuld be pre.sent in fast scalers Situation 4
becomes a little bit different in the case of collision of polarized proton -

beams. In this case we should keep in mind that the angular distributions of. .
the secondary charged partlc]es w1[[ in genera] fol Iuw the fallowmg aztmuth al i

dependence i :

N{(—) E, P],.Pg) = Nu[G E)[l + P1A1N C-OSIPI -{— PEAQN ﬂﬂS!pz

+P1P2A1NA2H 08 Py ccstpg} { }

Luminosity m{xmtor shouldn’t depend on the beam pulartzatmn 8 (B

means the monitoring counters must be pla.r.ed at the position ¢, @2 ="'-'_"

90°,270°. ‘That is, the luminosity monitor must be placed in the plane,.

which passes through a beam momentum and it’s polarization vector. In’

the case of RHIC we expect to get polarization vector Pg either along N

(normal to the horizontal plane) or § (in horizontal plane and it’s directed -

perpendlcular to the beam momentum- K ). Therefore, for normally polar- ‘;f :
ized beam Py we should put monitor counters up and down in the vertical =~ ° :

plane, while for the transversally polarized beam, Ps, the monitor counters-

should be in the horizontal plane (left-right cuunte'rs). If for some reason, .

the polarization stable direction is tilted from N and § direction the pos-.

sible way revealing such effect is to install two additional counters at the- " :

azimuthal angles, let say, 45° and 225°. Such an a.ppmach leads us to the =

consiruction of FD6 counters, as shown in Flg 9, 'a.nd the muntmg ra.l.e ig: i

given for each counter.. .
Table 4 ]eads to the fulluwmg conclusmns

® avery hlgh cnuntlng rat.e 1S exPected far each of ﬁ c.nunters af cylindri- Y
cal detect.or CDl also the mean chargeti pa:tlcle muitiphctt.y is hl gh

. cylmdn i:al detectur CD2 has a, lnwer rate due to fine segmenta,tmn

e rates in nther cuuntf:rs are tolera.ble

: .I'I-_ : 14 'J _....-' . .. ;



Table 4: The detector positions [, rapidity n, and angular @ écceptances,
the counting rates nn and a mean charged particle multiplicity 7.

Detectors | L, em | Omin.deg | Omaz,deg | min | Tma= | n,MHz il
CD1 - | . 4.80 175.2 -3.18 | 3.18'| 33.6 | 3.36
- CD2 - 4.80 175.2 -3.18 | 3.18 2.8 0.28
. FD1 [ S - 5 M (R 2.82 | 3.52 3.8 0.38
FD2 85.8 2.67 5.33 3.07 | 3.76 3.6 0.36
'FD3 104.0 2.19 4.38°- | 3.26 | 3.96 3.3 0.33
FD4 142.0 | 1.62 3.23 3.57 [ 4.26 2.3 0.23
FD5 179.0 1.28 2.56 3.80 | 4.49 2.1 0.21
FD6 1290.0 0.79 1.58 429 | 4.98 1.9 0.19
FD7 | 402.0| 0.86 142 | 439 | 490 | 14 [0.14
FD8 526.0 0.65 1.09 466 | 5.17 1.2 0.12
FD9 650.0 0.53 - 0.88 487 | 5.38 1.1 0.11
FD10 690.0 0.50 0.83 | 493 | 5.43 | 0.11
Comments: CD2 consists of 12x6=72 counters .
while C1 consists of only 6 counters.

'4‘ Radigtio-n. Level in ISD

According to reference [15), p. 152, "In a typical organic material, a rela-
tivistic charged particle Aux of 3 - 10° cm™? produces an ionizing radiation
dose of 1Gy” (where 1Gy = 1 Joule - kg™!). Therefore, in order to absorbe
a dose of 1Gy assuming a homogeneous irradiation one must multiply the
above number by the surface, S, of the counter of interest. For example,
S = 25.13 cm? for FD1. Then the flux f = 3-10°-25.13 = 0.81- 10'! must
pass through FD1 for getting 1Gy absorbed dose. Since the counting rate
expected is 3.9 MHz (see Table 4), then for a year’s running the integrated
dose will be D = W = 481 Gy = 48.1 krad. Other counters will be
irradiated at a lower dose level. Therefore, we do not expect any serious
problem with irradiation of the ISD counters. In order to get some idea
about the radiation level at RHIC in comparison with other colliders we
borrowed the following Table 5 from [15] and expanded it by one column
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designated RHIC It is seen that the radla.tton condition is expected to be .
more severe than in Te\r'a,tmn but much better l.hau in LHC. ~

L]

Table 5: A. rough comparison ﬂf beam collision induced radlatmn at the

. different colliders.

LHC

SSC

Collider RHIC Tevatron 100 feV
/5(TeV) 0.5 1.8 154 | 40 | 100
Lioon »107% ‘ ' _
(em~%.s571) |, 0.02(a) | 2-107* | 1.7(a) | 0.1 1
Ffﬂlf(mb} i acondll 56 84 100 134
v : 3.0 3.9 6.2 7.5 10.6
< pL > (GeV/e) 0.425 0.46 0.55 | 0.60 | 0.70
Relative dose (b) | 3.1-10"2 | 5.10~* 1] ] 20
Comments: a)High luminosity option.
b) Proportional to Luom * @iner-H- < pu 0.7,

P

5 The Cathode Strip Chambers (CSC) .
There are severa.l reasons fnr using the coordinate detectors in our case.
They are followings: : .

e Lhe event vertex reconstruction. This is important information for
reducing the backgrounds originating out of the IR; -

o the charged particle multiplicity measurements. This information is
crucial in checking the dependence of inelastic cross section &' on
the initial colliding energy which varies at RHIC from /s = 50 GeV
up to /s = 500 GeV. Assuming that o (pp) is cqual to o™ (pp) one
can monitor also the measured inelastic cross sections by using the
published data on o' (Pp); - ° o

e the fine coordinate resolutions allow a check of the efficiency of scin-
tillating counters of Forward Detectors and allpw all necessary correc- -
tions during off- lme a.nalys;s : ;

16



e the control of beam parameters. Due to the fine space and time resolu-

- tions and azimuthal symmetry, the coordinate detector allows control

of such beam parameters as size, -tilne and space stability. In the case

- of polarized proton beam they may check the transverse component

. of polarization by measuring the azimuthal distribution of charged
particles, if the analyzing power differs from zero.

As the eourdmat.e deteet.ors we plan to use the Cathode Strip Chambers
(CSC) developed for application at LHC: [16]. Their attractive features.
- are:. high position resolution, good time resolution, and small dead time.
An important advantage of the CSC technology is the flexibility in choosing
~ the cathode pattern. This provides an opportunity to utilize the cylindrical
symmetry relevant to pp2pp experiment. The sketch of one plane of CSC
which can fit to our experimental environment is shown in Fig.6. The
cathode strip is made as a ring accepting t.he fixed ‘polar angle, while an
anode wire is stretched in radial direction. .

In such a way one takes into account the cylindrical symmetry of ISD.
Since a pitch between anode wires varies from value Spin at radius Rpmin
to Smaz at radius of Rmaz (see Fig.6) it is necessary to vary also a gap H

s ‘between anode and cathode planes. This must be done in order to keep a

constant gain of signal. The gap between anode and cathode planes must
respect the following relation :

o E g (1r ~ Inz), . .' (25)

~ where z = R/ Rmin is a ratio of current radius R t0 Rmin. This function is a
~ complicated one in order to realize it in practice. In the first approximation
~+ one can use a linear funetion :

(H,.;,,I Hmm) (:-1)

: Hl Hmiu+ _1

"_'where Hin is a minimum gap at R = Rmm between anode and cathode

- planes, Hpqr is a maximum gap at R = Rp,-. Then taking into account’
~ expression for Hpmaz {assummg T = Zmaz) from formula (25), H, can be
: wr:l;ten as - \

z - Hupin ( Imazx 3_'1
w

'Hi

“InZmaz). (26)

Lmar = 1

: - The dlﬂ'erenee between two functions H, and H can be presented as
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o
.

A _..."'Hmm  ZTmaz z -1 o in
AH = e i_{xma:_l e -!m:.‘,,.,,—hu:)t (27].

“The position z* where AH has a maximum can be found by taking a
first derivative and putting it as equal to zero

.

- m‘ —

-+ (8mes) FEET, CEeT e

ﬂi[l—*

Now the maximum deviation from hnear]ty AHaz .can be calculated
inserting z* into expression (27). :

The following Table 6 presents the results of such calculauons It. shows
that a linear approximation can be used as a practical solution up to zar =
4, where the gain variation along radius is less than 2. Special spacers will
be used to keep an appropriate gap between anode and cathode planes. To
cover a whole range of interest in pseudorapidity (2.2 < p < 5.0, 0.79 <
8° < 12.6), it is planned to use two stations of CSC’s. The first one will
cover the angular interval 3.2 < 8° < 12.6 (corresponding pseudorapidity
range is 2.2 < 5§ < 3.6) and the second station will subtend the angular
interval 0.79 < 6° < 3.2 (3.6 < 7 <5.0). Let us describe more details.

Table 6: Estimates of SDI]:lE CSC parameters for pp2pp expcrimcﬂ'tr.

Ta

Parameters Magnitudes
I 20 | 25 | 3.0 | 3.5 | 4.0 | 45 | 5.0
Smin, MM 20 | 20 | 20 | 20 | 201-20 |.2.10
Smez, MM 40 | 50 |.60 | 70 | 8.0 | 9.0 | 10.0
Hoin =Smin,mm | 20 | 20| 20| 20 | 20| 20 | 2.0
- g 1.51 ['1.70.] 1.91 | 2.12 | 2.34 | 2.35 | 2.75
Hivse, MM 3.1 | 3.54 1390 | 4.21 | 4.47 | 4.69 | 4.88
AHmaz, mm 0.06 | 0.11 | 0.17.| 0.24 | 0.31 | 0.39 | 0.47
. Gmaz/Cmin 1.18 1 1.32 | 1.48 | - 183 | - 2.19

Each station consists of three chambers. In the first station the chambers
are installed at distances from IP of 1.985 m, 2.235 m and 2.485 m. Taking
into the account angular interval for the first station one can calculate for
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the farl‘.hest thamber Rﬂ-.m =8 em, Rmu =45 em and z = Rynar/Ronin =
.5.625. :
If the second station chambers have Lhe same sizes they s]muId be in-
- stalled at distances from the IP 3.675 m, 4.675 in and 5.675.m. In this case
- extrapolation accuracy into the IP region will be the same for both stations,
Assuming Smin = 2 mm (see Table 6) one can estimate a number of
anode wires in each plane:

27 Rmin kA _ ;

Assuming /s = 200 GeV one can estimate from ref. [18] the charged
" particle density per angle: 20 charged part./rad. for 0 € 0° < 5.7. Each hit,
occupies 5 strips or 2.5 ecm or 0.012 rad. Therefore occupancy is 20 - 0.0125
= 0.25. In this case 25% particles will hit into the cell occupied by another
particle and therefore will be lost. This is not acceptable and therefore each
strip should be divided to make it smaller. For instance if strips are divided
by four sectors an occupancy reduces to 0.06. Additionally one gets rough
information on an azimuthal angle too. .

: The numher of electronic channels n, can be estimated the following
" way: if Rmaz = Rmin = 33.5 ¢m, and the pitch = 0. 5 em, we have 4
sectors in the azimuthal angle, therefore n, = (33.5/0. 5) -4 = 268 for each
~ chamber. For 6 chambers N, = 6-n, = 1608. Since the chambers must be
. symmetrically placed around the IP one must double this number, that is,

* the total electronic channel number will be 3216.

- The precision at IP transverse to the beam plane, is expected to be 0.1 -

mm (detector resolution) - (1.75/0.25) = 0.7 mm.
" The vertex reconstruction precision along the beam axis depends on
- track inclination. In the worst case, at § = 0.79°, the accuracy in the z
- direction, dz = 50 mm; at 8 = 12.5° dz = 3.2 mm. This precision is good
enough to reject interactions out of the "diamond region™ (£30 em). An
" average multiplicity of charged particlés in the solid angle subtended by
" CSC’s is figy = 12 at /5 = 500 GeV and #icy = 5 al /s = 50 Gel" (in
one hemisphere). Therefore vertex reconstruction for real events should be
much better than for a single track. '

The simultaneous use of the 'D’s and CSC's allows efficiency measure-
ments of both detectors using the alternative triggers from those detectors.,
- In addition more detm]ed ax,lmul.hal charged patucle distributions can be

cxtracted . :

Nagw =

2 g e



Table 7: The Cat.lmdé Strip .Char_nber (CSC) pararneters. -

CSC Distance | Dimensions, mm | ‘Angular n
from IP,m | Rmin Rmaez | interval,deg | interval
CSC11 1.985 80 450 | 2.3-130 [2.2-39
CSC12 2.235 80 450 21-115 | 2.3-4.0
CSC13 2.485 80 - 450 - 1.8-104 | 24-4.2
CSC21 3.675° 80 | 450 1.25-7.0 | 2.8-45
CSC22 4.675 80 - 450 098-55 | 3.0-4.8
CSC23 5.675 80 450 0.81-4.5 | 3.2-5.0
Comment: The beam sizes were not taken into account.

6 The Main Trlggers, Electromcs and Data --
Acquisition :

‘We classify our detectors as a left or right arm depending on their positions

relative to the interaction point. We take a clockwise rotating beam as a - .
main reference axis and in this particular case, the downstream counters -

"will be right and upstream ones left. Assuming that we get a synchronizing
signal from accelerator the full inclusive (FI) trigger requires. at least one
* track in any detector in one arm in coincidence w;th at Ieast one t.ran:k in.

any detector in the oppm: te arm :
. T” [ARM) . (ARM) (30)

(ARM)F! -(CD+FD1+ +FDIG).,:_L RS @y s

PYTHIA v.5.7 and JETSET v.7.4 programs were used at /s = 500 GeV o

in order to estimate the geometrical efficiences (in %) of detectors to the
charged particle events. For the positions of detectors fixed in Fig.4b (see
Table 4) the efficiency for triggering by each counter is (in%): 83.8 (FD1), "

85.2 (FD2), 81.7 (FD3), 78.7 (FD4), 76.7 (FD5), 73.1 (FDS), 70.2 (FD7),"

65.1 (FP8), 60.3 (FDY), 60.7 (FD10). Total efficiency (any of 10 detectors
will react) was 98.7%, therefore the geometrical inefficiency is 1.3% which is'

20,



. shown in Table 3 too (it is consistent with UA4 data). If we require a coinci-

dence of the left and right forward detectors according to the equation (30)

then the estimated geometrical efficiencies are given in the Table 8.

- Table 8: The geometnca] efﬁclenmes (m %) w:t.h trlggermg by left- r1ght-

FDs on coincidences.

L/R |FD1| 2| 3|4 |5]6]17]8]9]10
FDI1 71 |70 | 68 | 67 | 65| 62 | 60 | 53 | 52 | 52
FD2 | 70 [69 ] 69 | 66 | 64 | 65|58 | 53 | 51 | 51
FD3 | 69 |67 |69 |68 |63 |59 |54 |54 51|49
FD4 | 69 |66 | 67 | 62 | 61 | 57 | 59 | 52 | 50 | 47
FD5 | 66 |66 |63 |60 |60 ] 53|56 (49| 49 | 51
FD6 | 63 |64 |61 |57 |57 54|54 |48 | 46 | 47
FD7 | 61 | 60|58 |57 | 55|54 |48 |46 ] 41 | 41
FD8 | 56 |52 |54 |52 |52 |48 |43 |42 38 |40
FD9 | 53 | 53|48 |46 |48 | 45 |44 | 39 | 37 | 36
FDI0 | 54 |49 |48 | 51 | 45|45 {42 |40 | 35| 36

In each arm for suppression the accidental counting ra_tés the signals
from neighbour counters I'DI (I=1,10) subtending the overlapping solid an-

. gles will be put in coincidence, and “or”-ed. ' In such a way the signals

(ARM)ET and (ARM)E! will be formed. The timing of the main L*R co-
incidence (30) will be kept loose (Al = £40 ns) to ensure collection of all

- good triggers and to admit some backgrounds for monitoring purposes. This
‘trigger corresponds, by definition, to the observed cross section. The second

main trigger will be arranged for elastic scattering events by coincidence of

- _the left and corresponding right elastic counters. When a trigger occurs all
relevant information will be transferred by CAMAC to the computer for

- subsequent analysis. This information will comprise: i) the hit pattern in
" all counters, ii) the arrival times of hodoscope signals with respect to the

trigger, and iii) the live - time of the data acquisition prior to the trigger.

" The fast logic is inhibited during data acquisition. The electronics scheme is
~ presented in Fig. 7. Each counter is furnished by discriminator and fanout,

ADC and TDC electronics. Each signal is split in order to make: i) the

, , coincidence with signal from a counter in the other plane, ii) the amplitude

.8

a
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analysis, and iii) the time-of-flight measurement The start time is given by
a synchronizing signal and stop signal from each counter. A separate set
of scalers will continuously count the rates of the main trigger, all detector
coincidences, and various monitors. These scalers will be read and reset
by the counters at fixed time intervals, typically every 0.1 seconds. The
operating conditions of all counters, the electronics and the TOF and ADC
logics will be controlled by the on-line data acquisition program and will be
checked by means of special runs. During such run the data acquisition will
be interrupted and fast flash-diodes attached to each counter will be pulsed.
“The triggering of these diodes will be computer controlled and they allow
simulation of any event configuration. ‘There are runs foreseen in which the
main gate will be randomly triggered by a pulse generator in the same beam
* configurations as for data taking. Such special runs will allow measurements
the random rates and the dead-time losses, both in the main trigger and in
each of the hodoscope counter registers. The special accelerator regime will
be used for study of running conditions in experiment, like the luminosity
measurement, the estimates of smgle arm baehgmunds timing of counters
etc. - :

7 The experlmental precedure and analysm
of data it |

The observed counting rates have to be corrected for-;‘:taekgrnunde (including

the accidental counting rates), and for missing events,
| The backgrounds usually originate from single beam interaction with
internal materials (vacuum pipe, a gas, any internal target, etc.), while
the effects are due to the beam-beam interaction. The background will be
studied in special runs with time of flight (TOF) method separating the
beam-beam and the single bea.fn events with a good time resolution (of
order of several naneeeennds)

Pulses of all 6 counters in ea.eh plane are "or”-ed. Then t.he elgnale of
two nelghheurmg planes are put in coincidence. These signals from adjacent
planes are "or”-ed. So there are finally 5 output TOF signals.

Since we have 5 TOF outputs from each group of detectors (left or right)
we can, in principle, compute 25 TOF's. The resolution of three classes of
events beam-beam (BB), single beam | (SB1) and single beam 2 (SB2) in
different TOF’s is a function of the distances of both pert.lclpetmg deteeters
from the crossing point. -
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The TOF specttum of clnsest to IP detectors like FD] FD3 (TOF puIse

“TR1 left minus TR1 right) must show the peaks from beam-beam (BB)
. and single -beams (SB1 and SB2) interactions. At the same time the time
.. difference between TRS5 (left) - TR5 (right) must show a clean BB signal,

" while SB1 and SB2 signals will be out of its range.. For convenience, fol-

P At quant.ttles

lowing [19), one transforms t.he TOF mfmmatmn into a set of dimensionless

- ..-.: t,— ;;,)2
W.i : .--I

o S.? _=' : (32)

Y i where < t; > and W; are the centers and widths of the BB peaks in the i-th
.~ TOF and their values will be obtained in clean (BB) conditions. The widths

- - are expected to be of order 2 - 6 ns depending on beam conditions and the

position of detectors. The advantage of such a transformation lies in the

: . simplicity with which any subset of the 25 TOF’s could be summarized in -
. a single number or super - TOF (STOF) characterlstlc of the signature of

,the evenl‘. i
iy N

ﬁ "".",'.,',S?':):‘,s?/n.';7 o R

: . ,I'-wflenla l’.he sl.u'ﬁ“is. 'ﬁcrfd-rméd ﬁ\;et the n TOFs in subset. The STOF infor-
‘- * mation will be classified according to the following Table 9.

R ~Table 9: _Ci'assiﬁcatio-n'éf TQF information.

Right .

. CD-[TR1 | TR2 | TR3 | TR4 | TRS
o0 o T 52
AL | TRI | - e R,
: o) Left; | TR2 1= vl g 1800, :
i TR 580 45 Srdee Bl SSe
Thal iy T T e : ;

o+ " The lufnil;oéif.y_ monitﬂi_'_wiil be deﬁvé;i from the 5% STOF (see area in
"7 Table 9). 52 will be defined for events in which at least one TOF will be

"% o3



present within its domain regardless of the presence of TOFs outside it. In -
order to calibrate the luminosity monitor one uses the relation ;

. RM"'U'H L B {34)

where Rjs is the rate of the mt.eractmns that tngger the monitor and aas is
the inclusive cross section for them. If the latter is known, the instantaneous
luminosity can be derived directly from the monitor rate.. - :
~ To calibrate a monitor the RHIC beams will be steered vertically (or
horizontally) through each other, changing & in small precise steps {0.5 or
1 mm) while recording Rpas(6). The calibration cm'lstant. opm will be t.hen
found by evaluatmg the mtegral '

f R 6)d6 = 11 I m/ffnm T )

Here I) and I5 are the t.nt‘.a.l currents -:Jf bea.ma (they are measured to better
than 0. 1 %), Ji RHIC 18 & canstant para.mete: Sy -

Bec - sm(*]
Kpurc =
: \/1 -,3“ sm’( 2)

"‘ﬂ 02688 10-2’(cm - A*), - (36)

aisa cmssmg angle (a = Tmrad at RHIC) aud Be is the veluclt}r of colliding . - -

protons (in symmetrical beams). The slgnal RH can be represented by a
ﬂ-para.rneter function: :

RM(a) e.xp[ul—ng[ﬁ a.;.)*+a3(a 50}‘-"+ +u....1(6 60}""'1 (3?)

Pa.rameters a;, 5o will be extracted from a Iea.st.-squar&s fit to the data. The
function Rps(6) will be then mtegrated numerlcally to get o {see relauun
(35))- SR
The previous approach of usmg l'.he van der Meer (VDM) methﬂd suf-
fers from the following deficiency: the measured luminosity depends on the
beam-beam crossing angle a (see formula (36)) through its inverse power.
It means that VDM technique is not favorable for RHIC, since the ratio of -
the crossing angles is o(RHIC)/a(ISR) = 1/28. '
Therefore one can think of a different approach to the luminosity mea-
surement, as was done in paper [3]. Following approach [3] is justified by the
relation for the mstantaneous machme lun\11'1-::-usll'.;1.lr L; and other observables

L= {( (f-N; Nz e fr{\/sli :.-)+321(:.-) (\/sxﬂ(y)ﬂzz(y)]} (33)
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" Here N1; and N2; mean the number of pa.ﬁicles for each of colliding

. bunches and sum is taken over 57 RHIC bunches; s1; and s2; characterize

widths:of beam profiles for each beam; f is revolution frequency. The num-
ber of particles in each bunch will be measured by synchronous receivers
placed at various positions around the collider. They should be absolutely
calibrated with a precision better than 1 %, since they contribute directly
to the total cross section precision. A precise measurement of the horizontal
and vertical beam profiles and positions for each of 57 bunches (for both
beams) will be done by & wire scan system placed at the crossing point [4].
Two data sets will be recorded for each bunch corresponding to two traver-
~-sals in opposn';e directions of the wire through the beam. One expects to

- get a gaussian profile with a width (r.m.s.) of order 1 mm (see Table 2).

" Since the precision in the width measurement transforms directly to the ac-
curacy in the total cross section measurement one must reach a beam width
precision of order 1 %. This problem will be discussed in separate paper. |
The analysis of STOF spectra showed [6] that almost all BB signals were

contained in the region S2 < 2 (A-region). A small fraction of the total
amount of SB background was also found in that region. The part of the
spectrum above S> = 2 (B regmn) wﬂl be used to monitor the background
Rp: :

: ' R,;, (6) RM(é) i ,GRB(E) =0- ﬂ-.L + ﬁRB{fﬁ] (39)

d The coefﬁments o a.nd B wﬂl be nhtamed b;.r ag[obal fit of the R4 versus
" AL curve, - . .
As one can see frum last Table 9, t‘.he 1mportant triggers;, TR4 and TRS,
. monitoring the beam luminosity, are built from pulses produced by the four
last detectors FD7 = FD10 containing scintillating counters: The triggers
. 57 and S§? are sensitive to beam-beam and single beam interactions and
“they will be used for estimating of backgrounds. ;
- : The observed pp cross section will be measured as a part of the luminos-
ity calibration; o.s, will be obtained through the same procedure as that

' - followed for oas, except that no cuts will be made on the STOF spectra

. to obtain the beam-beam rate; instead, the raw ta.te of the fully inclusive
- tngger (R,M) w:ll be used as - .' . :

R,,“(a) Raa.(6}+ﬁRB(5) s e

: .where thg B rgg:mn c.f t.he: .5'2 dlst.nhutmn is used to estimate the background

; Rg. Sf_prpse|1ts all triggers in Table 9 (sometimes neglecting CD. pulses).

g Foc e %
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Smce one measure.s s:mu]taneously the lummnslb}' L one ca.n get.

{ Oobe = Rahfﬂ Vi s (41)
It may happen i.ha.t for mdependent determmatmn o{ constant fJ‘ in (40)
two measurements iould be done: one with the beams. fully uverlappmg

and one with beams sepa.ra.ted br 4mm. - N EDTR RS,

8 Background subtractmns and correctmns
After getting the O obe one must mtmduce aeveral mrreatmns a.nd ta.ke mto
account the backgmunds The major mntrlbutlons are the fnllnwmg

8.1 Backgrnund subtractlun

The various TOF s wﬁl be t.rea.ted m th:ee dlﬁ'erent wa.yﬁ accordlng to. theu"
features: - Wit P n e R
- there are TOFs free frnm smgle ‘beam contamination (5ee Tabie 9
S2.). In this case the flat background will be subtracted from the beam-

L L .-'I...'

beam peaks by extrapolatmg the level observed away from the peaks. The Yo

events remaining inside some: ﬁduclal cuts’ a.ﬂ'.er this_ subtractmn w1ll be ;_'
accepted as good beam-beam events; i

- there are TOFs showing smgie-bea.m peaks (see Table 9 S; and Sz)

In this case the shape of the background peak will be measured in &eparate o

. runs with only one beam circulating in' RHIC. Later this shape will be added -
to a constant level with a free relative normalization, fitted to.the TOF *
distribution in the region outside the beam-beam pealr. a.nd then subtra.ct.ed
from the spectrum; ., =o s e 3

- there is a background under be:a.m bea:m peak whlch can be subtracted
by using TOFs including the CD-box.:. In such subtractmns the average o
normahzatmn factnr found hy the prevmus fits w1ll be used a e

8.2 Cnrrectin‘ns o3

The main correctmns to the_ ubsewed Cross sect.mn are ev:pected to anse ,
from two sources: - :

- t.he small- angle processes escapmg the trtgger due t.o the ﬁmt.e s:ze nf =
the vacuum pipe;. 2r A
- the dead space between ad_;at:ent tngger munt.ers i



1. The loss of inelastic events at small angles can be accounted for by
the following way. First, the distribution measured by FD1-FD10 will be fit
by a well-known function of 8, like an exponential, and will be extrapolated
to § = 0. The magnitude of the corfection is expected to be of order
1%. Second, more precise angular distributions can be drawn through the

. data from wire chambers. This procedure will yield more precise vertex

recontsruction results and a good extrapolation to zero degree.

2. Each forward detector consists of 6 adjacent counters. The dead
_ space between these counters may lead to loss of events. The correction in
this case can be done by using wire chamber information. This correction
. has to be smaller than the ratio of dead space (= 0.2 mum) to active surface
of the counter. Such a correction should be less than 0.1 %.

s 9 Cunclusmn

: ﬁpparatus is proposed which allows measurement. of the total cross section

- in pp scattering at RHIC energies with a precision of order 1 % ot better.

. It may be used in a whole region of RHIC enérgies (50 < /5 (GeV') < 500).

" The ISD detector furnishes a veto trigger for ESD, measures and controls

‘the beam luminosity, and reconstructs a vertex at IP with good resolution.
1SD is based on robust and standard techmques of scintillating counters and

: strlp chamhers )

_.-{-.,__-Future 1mprovements

It 1s lmpurt.anl; t.o improve the beam parameters since they are very crucial
- for success of oT a.nd P measurement.s Let. us enumerate some specific
items: - : : :

e 1 Reduct.mn of the Inngltudmal d:mensmns of the beam-overlap zone.
_ - The special attention should be taken on the z dimension of diamond
iy .'_ -tegion. We took above ¢, = =15 cimn; while by using the Terwilliger
... scheme, the CERN people got 3 cm. We would like in future to
reduce t.he lnngitudinal beam size to get closer to the latter number.

2 R.eduttmn of the transversc beam size by stochastic cooling. In combi-
.~ nation with the prevmus techmque t.hls allows to suppress essentially

atl backgmunds
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3. Reduction of the 't,r.aﬁéweme beam size or reducing off beam halo. This -
is the traditional technique of the beam scraper. Such a technique is

beneficial in the case of high current, when the p beam develops a '
halo over a period of hours, resulting in increased background due to -~ ..

interactions with ambient material upstream of the-Interaction Peinl‘t. ;
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Figure captinns.

- .Fig 1. The | 1 | dependence of the elastic pp differential cross section,
Region I - a pure Coulomb scattering, II - Coulomb - Nuclear Interference

regh:m I1I - diffraction scattermg regmn IV - hard scattering region.

Fig. 2. The charged part.tcle dlst.nbut.mn versus rapidity in pp collision at
Vs = 200 GeV/c (open circles) and /s = 546 GeV/c (solid circles). The

~~. solid line is a fit to the experimental data in the range 1.8 < n < 4.6. The

dotted lines are gaussians, the dot-dashed !mes show the linear extrapolation

. 0 Nimaz-

+«* Fig.3.- The angul-.ar dlstrlbutlons of Eiastlc and melasttc events at ‘/_ =
.- 200 GeV. -

tEn Fig.4. Vacuum Imrdware ﬁaramel,ers from DO magnet to experimental area
- and the Ia}'outs of Inelastic Scat.tenng Detectors (FD1-10, CD] 2): top view
¢ (a) and side view (B).. - i

: | Fig. 5. The layuut of FD {a] a.nd CD (b) Ine!astm Scattenng Detectors.
' Tig.6. The sketch of Cathode Strip Cha.mbers (CSC)
. Fig.T. The elect.rnmcs scheme of ISD.
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