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Abstract

The pp differential elastic seallering cross section was measured al VE = 1800 GV using an improved aeeclerabor Biminosity

determination and COF small angle datain Lhe range of 0.05 < 1 < 0.2(Cc Vel By exteapolating Uhe differentin) cross

seclions to 4=0 and using the aptical theorem we ablain o total cross seclion of TP} = T20HR06 b Fhis vesnliois

preluminary in the sense that we expect Lo further reduce the systemalic error on (e optical point.

1 Introduction

The goal of the CDI* small angle physics program s
o measure the dillractive processes of clastic scatlering,
dilfraction dissociation and oy, (jip) ol /5= 1800 CeV [n.
For this purpose CDF data were recorded during special
stores with high-1# oplics (#~721n), using triggers derived
from small angle detectors sensitive 1o Uhe leading parti-

eles, mounted in Roman Pobs.

In this paper we present results from Le analysis of

elastic seattering data recorded during one sucl store,

[n the past year we also completed a study of Lhe ac
celerator Inminosity calibration in collaboration will the
Fermitah acclerator department [2]. This work is de-
seribed brielly in section 5 and has resulted inoan improved

heminosity measurement.

Independent, of 1lie total cross section mcasuremont,
we find Ciat the effective cross section seen by the CDIE
minimem hias trigger, which is primarily sensitive Lo
non-dilfractive inclastic events, increases by a faclor of
1.30 £ 0.06 in the energy range 546 < /5 < [R00 GeV,
Tlhis increase is small enovgh o constrain estimales of

mini-jel production al our energy [4].

2 Method

We neasure the ditforential ppelastic seatboring eross soe-

el d N
—— Ly e 2.1
iy KA (2.1

Liun

where

L wa:rvlu- ’ ﬁj‘umr‘

and Che seatlering angle, 070 was measured with hi-
dimensional deteclors ol varions stations” in the Fova-
Lron.

The micasnred differontial elastic seattering disgribution
was extrapolated to =0 and the Latal cross section was
calenlated using the optical thereon:

ot = 16rhe) (L4 o4 e fen (2.2)

A prelimivary measurement of p has hieen presented al
this conferonce [1]. We used o value p=0.145 (consistent
with [1]) to nbtain o, = 7204+ 3.6 mb. [ shanld e poted
thal onr determination of oy, using eqn. 2.2 changes hy

only 1% Tor D.i<p<00.2,

2.1 Track Measurcient

The detectior stativns were locatad in son-cryogenic in-
sertions of the Vertnilaly Tevatron beyond the CIHY low-d
quadrupole magaets. A stmplified plan view of the (DI

lorward spectrometers is showw in digure |,
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structed from frock segrucnts v the pots. Tevatvon foens-

ing elements are ued shown,

One pair of stalions &, 9, {in the p direction ) was
also Tocated beyond a dipole string, providing momentum
analysis with a resolution of »% ~ (285 Ior the elasiic
particle spec-

seatloring analysis, data from Ghis leading

trometer allorded ns Lwo powerll tools Lo discriminate

against possible hackground events. Namel

1. collincarity of tracks in Lthe poand p direction and
2. intercept of the 3 track with the interaclion vertex.

To determine the scattoring angle, O tinaiy an nflective
lengbh, Leoyro waos caleulated from the interaction region
Lo cach detector station taking into account survey mea-

surements of the speelrometer elements and Lhe measured

ield strengthis of the Tevalron magnets. Then, from the
measured inpach point in a delector stadion (e, Station

B) we nised the relation

o= o r, Ly 07
o = ot Ly, 0 {2.3)

wlhere

wolfe e Lo transverse coordinales of the inte

Jon point in and oul of the Tevatron hend plane, respec-
tion point in and outl of the Fovatron hend plane, resprc

tively, (During the stores ol interest the actual transv

size of Lhe interaclion region werve o, = 360pm and o,
= 27m)

O printary importance in determining the scale of 1-
momaenlum transfer 1, which contributes Lo our system-
atic uncertainty in the oplical poinl is onr knowlwedge of
2.3 [5].

the distances x.y and L appearing in e

In our apparatus the distance between detectors to 1he

left, and right ol 1lie heam trajectory s precisely measured
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trajectory is best determined experimentally fro
ovents. Within a detector assembly, whicl cousists of drift
chambers with hoth drift and delay line readont followed
by «silicon steip detector, the location of the (Iikhograph-
ically deposited) silicon clectrodes provides adeguate cal-
ibration of the DW(s,

s mes

ared simultane-

Because the scalloring ang

ously by 5 detector stations in elastic events, these da

e Location of Che de-

A

also provide an internal chec

Lectors, Figure 2 shows the residual of tracks from clastic
seattering candidates in station 3. An incorrect determi-
nation of Legp or the drift veloeity scale willin a detector
would lead to variations of mean residual with fmpact
point. No such variation is abserved.

2.2  Event reconstruction

Referivg 1o g 1, doteclor Stations 53,55.95,5 and 57

and

contain stlicon strip detectors, drift wire chanbi
seintillator trigger counters. The detectors were nouanted
in Roman pots and positioned elose to the stored heams
once stable conditions were establisliod.

The results presented here are based on data from one

ic lriggers, vo-

store during which we recorded 16,993 elag

quiring a coincidence of scintillation counters in all i de-




tector stalions. The Lrigger scintillators, which measured
333 ) 270 e in g and y, determine Uhe goomeirical ae-
ceplance of the spectrometor,

The efliciency of this trigger was caleulated using cvenls
recorded during the same run with different trigger ro-
dquiremants and Tound 1o he 0,98 F.01

I the data analysis, we determined Lhe namber of Lrge
elastic seattering ovents in the above data sample, used
the Digh redosdancy arising Trom the Targe number of
measurements i Ale tracking to deternine possible re-
construchion losses and applied straightforwand geomet.-
rical accoptanee correclions Lo deternine the differential

spectrim ol elastic oveuls, In this analysis only DWC hits

were used in reconstenetion, altheugh Si Strip deteclors
played a crucial role in the chambor calibration determin-
ing 4lrift and delay line veloeitios.

For p trajectory recenstroction in the x-z plane, track
seginenis foand in Stakion | & 2 were used Lo determine
the momentum and scatiering angle of the p {using Lhe
interaction point as a constraint oo Lhe fit). The proton
scaltering angle was also determined nsing equation 2.3

and the location of the track segment in Station G, We

then plot the collinearity,

B = i 7 (2.4}

for all evenls (see fgure 3a). There is o clear peak in
collinearily with ooa. = 20purad v agrocment with e
calenlated rosolution Tor elastic ovenls,  There is alse
a substantial background whose shape is uwol, a prion,
known.

To determine the wimber ol signal evenls in the peak we
performed fits o an assumed llat background + ganssian
signal and compared (o shailar fits when forther cuts were

applied in which

Loan Cinelastic cet” was applied removing events with

extra tracks in the event (lig. 3h) and

20 a farther cid impact parameter, xg, calenlated using
S1o& 5y hits and assnming 900 GeV track momentun

Lo extrapolate tu the inleraction point (fig. 3c).

[ovents plotted in figire 3e bad a3 cut applied on ay,

where o, =0L006 cin. Fits ta these 2 distributions gave a
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consistent. determaination of the wimher of olastic cvenls
with the uncut saniple, taking into aceonnt the ofliciencies
of ents | & 2, Nevertleless, a systrmalie nneertainty of &
200 events has been conservatively assigned to the nomber
ol events given in table | to reflect presemt nreertainly in

these efticiencies [6].

Table [ Elastic Event Classilication

F\-’f‘,]lt class

Erack sogments in §, .5, .5 found

wimiber of events
A3 /- 8D

100 1/ 13

i3 4 /- 1

Ih /-6

missing 5 0r5,
missing S

missing both segiments

extra segments

Events for which no eollinear elustic candidate was fonnd
aceording Lo the method deseribod above were refit us-
ing track segments from statious $3 and 87 and 2 new
collinearity variable was plotted. This second reconstrie.
tion path was also used Lo estizuate Turther negligible) re
construction losses. Table | summarizes the elassification
of clastic evenls according to whether they were found in
the primary reconstruction path, retrieved with stations 3

and 7 because of tracking ineiliciency, or relrieved hoeanse




extradrack segments were found in the evend (usesally
due to upstream inleractions).

Flastic candidates satislying collinearity cuis on &, and
#, were hinwed in L and the disteibution was corracted Tor
trigger and reconstruction efliciency.

A geometrical aceeptanen correction was applied 1o
events in cach -hin Laking into account the {imited cay-
erage of the detectors in azimutlh.

The correctod ditferential clastic seallering rate was di-
vided by the integrated Luminosity of {124 £ 0.08) - (3
and is plotted in lignve |1 The data are well deseribed by
asiiple exponential dependence on 1, whose coeflicient is

found Lo be,

b= 6.5 -k 0L.5(statistical ) GoV /e )? {(2.h)

dSIGMA/dt— - — —(mb /{Cev/c)s+2

[HVE SIS ST EYEST SR PPN IS EITE N TR S I S

0.06 0.08 o1 412 0.14 .16 0.18 0.2
1-(Gev/c)ew2
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Figare A: Differential clastic seatieving cross seetion,

Data from Avim 0wl Avon § are combined,

3 Systematic Errors on the Optical
Point

We now consider the remaining systematic errors on 1he
optical point weasvrement.

The contribution from possible errors in the effective
lengths was found to be less than 3%, We used the roba-

Live alignment of detectors with olastic tracks to find the

maximin possible diserepancey from measured positions.
Then a simple Monte Carlo caleulation was wsed Lo find
the eflect, of Lhese l!‘lh‘('l‘l‘l).‘-l.ll(‘-ll'li o the optical point.

Luminosity and the heam (rajectory are discussed in
more detail below.

The heam trajectory affects the clastic scattering dis-
tribution in the following sense. Our fglernal alipnment of
the detectors within the spectrometers using elastic tracks
docsn’t eonstrain the overall angle of the apparatus rel-
ative Lo Lhe beam direction. On the other hand, sach
an oflset would change the relafive rale in detectars an
cibher side of the beam, giving rise (o 2 different elastie
cross sections. Intuitively we expect Lhis effect (o partly
cancel when data from botle sides (Armd and Arnl) are

combined.

3.1 Beam tilt angle

Tle heam LG angle is determined by comparing data in
the 2 spectrometer arms. This is done by starting with an
angle -ké for a possible oftset and then rebinning in ters

of a new 1 variable.

U=ty +2ept (0 4) {3.1)

A new acenplanee, is also calenlated for each spectrom-

eter arm and the resalting corrected bdistrihotion is fitted
Lo the form:

dn! v bt
— =T 3.2
i e (3.2)

The fitted tolal number of events is then:

N = et (3.4

The elastic cross seetion integrated from 0.05 < f <
0.2{CcV fe)? is plotted for Arm B and A Ldatain figare
Housing different choices for the beam tilt angle, Clearly
the best choiee for the beamn il angle is in the range -5.0
pr < h < 0.0,

When data lrome hoth arms are averaged, the fittod
shope and iitercept paramelers (b and Jﬁ‘ﬁ#‘- lic0) are
insensitive Lo & well beyond its passible range of aneer-
tainty. This is cvident from lignre 6, which show the

dependence of the itted intercept on the beam ikt angle,

“uy
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The stalistical error on oq is £ 1.5 %. Cowbining uncer-
taintios frome Luminosity (& G.8%), reconstruclion bosses
and backgronnd (4 3.0 %) and trigger efficiency (£ 1.0%)

we oltain

oo = 1604 [mnh. (3.1

4  The Total Cross Section

The optical theorem can now be used fo derive o, {jip)

from the i parameters Lo lignre 4 yielding

; ; . deret
T = 16Tl (1 p*) T = Jizg
= 15 (4 (s
. U mb
({27104 131 & “'”((;CV/«'}B)
Teor = 72.01% 3.6mb 1y

The errors contribating to the overall uncertainty in the
optical point are listod seperately in equadion 4.1, The
{second) systematic error results from the combined wa-
cartaintics from Lominosity, backgrovnd freconstruction

efliciency, and trigger elliciency.
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5 Luminosity Calibration and the In-

elastic Cross Section

The instantanecous luminosity from stored poand p beams
in the Tevatron can be calaudaded from aceelerator hased
measurements of bunek iuleusity and cinmitance and the
known betatron amplitnde aud momentum dispersion at
a given interaction region, This caleslalion is eslimatod
Lo be acenratle to £115% and the dominant nneertainty

comes from the bunch intensity measurements [7.

We have reduced this Inminosity ancertainty by using
data Laken with the GDIT deteclor at /s=516 GeV with
aadninnnn bias trigger and comparing our weasured in-
clastic cross section with that of UAJ. This independens
clieek oo the laminosily, when combined with the acceler-
alor caleulation, reduced the uneertainty to £5.6% at 516
GeV. The relative Inminosily error wlheo tie heam enorgy
was increased Lo /s=1800 GeVowas fonud Lo be +1.3%.
Henee an overall mninosity uncertainty of £6.8% wis as

sighed Lo our integrated luminosity at fall heatn energy.2)



5.1 Mininnmm Bias Cross Section

The CDI miniimm bias trigger requires al feast | charged
track in each of 2 sets of Beam-Beam connters (BBC7)
covering the psewdorapidity range 3.3 < i < 5.9 on either
side of the Tnteraclion poini.

This trigger is primarily sensitive to nondilfractive jn-
clastic evends and is nearly identical in coverage 1o the
UAd double arm trigger which spans psondo rapidities of

40 <y < 56 R,
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Figure 70 Delerminetion of the aninimum bies trig-
ger{BRC) cffertine eross seetion fram luminosily scaling,

deseribed in the tent.

Figure 7h shows the rale of BBC counts divided by
the uncorrected Tuminosity caledlation. Daka points cor-
respond Lo accelerator measuremants of the stored hean
paramelers called “llying wire scans™ which are made pe-
riodically duaring CDV dala taking, The expected rale
lor this trigger was calenlated from tlee UA4 double arm

cross seclion and used Lo correct the aceelerator lominos-

ity seale, Based on acdetailed sindy eomparing aceeleratar
calenlations with observed rates and ovent vertex distri-
butions under a varicly of beawn conditions we assigued an
crror ta the relative himinosity ot diflerent collidar run-
Ning coergies.

The corresponding cross section al J5=1800 GeV
(shown o fg. 7a) inereases by 3301 0.06,

Independent of the elastic and tolal eross section mea-
surements diseussed above, this diveclt measurement of the
increase of the “mintinnm bias® eross section Timits possible
new Lhresholds in the inelastic cross section. For example,
calculations of QCIY mini et crons sections [3] prodiet an
inerease of 23-44 wmb in our enevey mange, o rather dra-
matic increase copmared Lo our observed rise af ~ 10 mb

for either the total inelastic or “minimum bias® eross see-

Lions,
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6 Conclusion

We have measured g (pp) = T2.0L5.6 mh. al Je=1800
GeVousing an bnproved accelerator luminosity calibradion
and CDF elagtic data . Oar result is consistent with the
value reported by E710 and smooth (ronghly as lnos )[9]

extrapolations lrowm lower enrgies as ean he seen Trom lig-




re 8.

Using an independenl measurement of the rise of the
inelastic cross section in the range 546 < /5 < 1800 GeV
an inerease by a factor of 1.30 £0.06 was found which
restricts possihle new thresholds in Lhe inelastic cross sec-

Liun.
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