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‘at ;:|’t| o 22 (GeV/c)2 | A Glauber analysis

'17515‘performed~on%tne?data. The 1ne1astic 1ntermed1ate states

“5"are found to be -¢nortant ‘ ”he shrlnkage of the slope of the yk"”“"

'Edifferential cross section is measured., Thn rate of shrlnkage'f° o

 1$ twice as large as 1n the p—p case. Results on the,realggkﬁf‘w

'Lat the dip structu;e (It] 0 22) aregpresented




'flfe 1l gl_s.' In particular, measurements at 1 22 GeV/c

‘fl Introduction f’

Previous measurements of the elastic proton—helih

?ﬁfferentia1 cross sections haVe been made at low or intermediate
1~ H 1 37 =
ii'fGeV/c o 1. 7° - 1. 75 GeV/"sf ; and 2H GeV/c have been reported 1;'(

‘f;An experiment on> l'--pro..on elastic scattering at 1 75, 2 51
dﬁand h 13 GeV/nucleon has been reported.7 Measurements of e—He
-at l 00 GeV/c8 and i He at 7 76 GeV/c9 are available in the
literature hhese expe rin erts 21l exhibit a diffraction .
minimum or dip in the elas ic scattering ,Such_structure_isi-
“more pronounced at hlgher energies. o i‘ | |
Theoretical models to £it these difPraction minina
exist. 10, 11 'Czyz,.uezniax, and others12 -16° have developed the
Glauber multiple scatterina rooel ex»en51vely.' In mul 1ple

nucleon nucleon s"auterinc models the first dlffraction

minimum arises fr on the inver*erence between the single nucleon

(m = 1) imavinary scatterino amplitude and the multiple nucleon.
(m'= 2, 3, ) iﬂavinary sc:ttering ampliuudes.. At the first :

1diffraction ninihu vthn m s landm= 2 imaginary amplitudes
fcancel . What remaines is a noherertsum of the single nucleon

-real scatte“ing amplitude nultiple nucleon scattering (1 > 2),fvmﬂa

'double scautering uo an in..ernediatn inelastic state, spin ”

nucleon eflects, and possi,‘e*non 2—body correlauions in the

_nucleus. In princ-ole the‘rea part « the‘nucleon nucleon h'_"

‘:iamplitude mcy be separatedffro “ Inithis experiment>‘

we:have investisated elasti 'wi*h= igh—statistical



;f;accuracy in the, energy range ho - HOO GeV and momentum transfer "i*t
squaredo OO3< ltl < 0 52 (GeV/c)2 The purpose of the experiment,
is to obtain the rate of the shrinkave of the diffraction cone
and to evaluate the role of 1nelastic screening of the nucleons |
. in the helium nucleus. Additionally a measurement of the real
part t dependence coustituted an important goal for our experimentf

" In Sec. ITI we describe the experiment and details of
analysis. At present we deal-with-the following set of primary
energies: 45, 200, 259, 301 and 393 GeV. In Sec. IIT we discuss
the results of the Tits to the low Itl;region.; A table with
the list;ofpparameters is given, including thefslope:b(s) and
the real part of the amplitude. _In Sec. Ivewe,discuss the
results of the rits_to the whole [t|7region'including the dir-

fraction dip. In Sec. V vwe summarize our conclusions.

II. Experimental Frocedurse and Apparatus

 The expeirmental:apparatus}is shown in Fig,l. The Fermilab -
‘eirculating proton beam:intercepted a low density, 7 x 10”7 g/cm?,
gas targetlk_The interaction region was = 10 mm. Tnevtarget
.waspviewed at near 90° by sets of totally depletedrsurface
barrier silicon detectors with typicalldimensions 5 x 30 mm?.
The_frontldetectOregrangedkfrom 15 um to 250 pm thick and the
hack detector was . from 200 ym to 1500 pm.. The silicon
‘detectors had no*se of 50 KeV and energy resolutions of . 50
‘- 150 KeV The deuectors were 7.2 m- from the target yieldin

a geometric angu‘ar resolution dw = O,7,mrad, .The.resulting,
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""" kinetic energy uncertainty AT =

“éﬁgle&with°résnéct—td'905;fwas-good'anduprovided excellent
'Aseparation beuween the elastic and inelastic reactions. Two
permanently fixeu s»acks of detectors were used to monitor the
'Jet-beam interaCt*on rate. Durlng readout of a stack the 1nputs .
to all other SuaCka were inhibited. Thus all channels had the
same percent dead time (53 %). Typical data rates were. 1000
_events per beam splll distributed over B detector stacks.

The |t| values studied were .603.< |t] < 0.52 (GeV/c)?2,
corresponding to rscoil angles 6 < w <:961mrad'and'ranges'in
silicon 2 < R < 1800 ym. In much of our & ratige multiple
Ascattering of the outgoing rec'ojii'isarticle in the" sargetf gas
juas negligible to small. 'The multiple'SCattering’effeE€3was
significant at our smallastaltl>values; in the wbrst case,

[t] = .003, the multiple scattering in the target was =1 mrad.
Multiple scattering mainly_affeets our energy~resdlutidn15ut

does introduce small < 1 % corrections to our lowest |t] cross
seetion yalue. | |

~ "The helium zas jet 4:'shewn'in'fig.zl;”it'nasfan'areal
‘density ef U x 1077 g/cn w‘ith a”jet" 1-viath~*(liqMS)‘+" 3“m.‘: Jet
'pulse 1en~ubs were 100 mses. and occurred tw1ce (au two enecgies)i'v
jduring the accelerntor ranp cycle Helium was inaected into a
'250 2 buffer volume ard renOVed by a 5000 1/sec dlffuslon pump,
90 5 of- the heliun was renoved in this manner.' The remalnder

.was removed f 01 th= accelerator vacuum by 8 diffusion pumns i

‘ﬂ:spaced at 5 m 1ntervals upstream and down stream from th, tamget;l_f}




;:These pumps (" upstreamarh

“'pumping system and T'eeduced the helium partia';pressure

< 10” mm Ha beJond the final Vpshream, downstreumnpoints.‘.‘?

The det°Cu0“S were calibrated with a soThza“ alpha particle i

sourc,.‘,The absoluue angles_determinedsfrom~the»elastic peak’

‘and alphaiparticle energy'calibrations,~when compared with survey

measurementsg show an offset difference of 10.15 mrad.’ ‘We
'-estimate our angls uncgrtglnty-at,ﬁ;,l mradew...f.q,~ - -

-The first s*eo-in the analysis 1s to separate coherent‘He“.

'recoils from H, D T He .« The energies from our detector

sanduiches were scried into 256 x 256 plots of the front. detector,"‘””

AE vs. ‘the. back de ec or E~AE. The mass.of a He particle

’ stoppin ‘in the back element is ngen by the empirical” formula
m = 2%m, [ 2L |(Tp + TB)B'- TBBJ.ll/(B—l) | (1)

whewe e = 13.3, 8 = 1.73, dp is the thickness of the front
detecto in nhandiiy(TB),is?thehenergydeposited:in'the&front
(back) det tor in ueVV':I hFig.3a‘b'we‘give a mass reSOlution
;1plot ‘on-a: lc a iu:ﬂlC“SC:le for t7hi-.0 1L9, - 0 450 (GeV/c)2
«_At these t va;ues the He s He? mass separation is excellent. The
'dip re gion, t = - 0.22 (GeV/c)?, where the He" elastic cross
“fsectior‘h=s»dno,ped 5 orders of mavn*tude, (the He? b=ckvround

is rela:iv 1y flat

St

,has a background systematic uncertainty far

*5’0'

greater, as mu h a

s

The separata

'j;range > 50 to a formula which contained

recoils were expressed as momentum spectra-»”




";subtracfing the baukground determined from the fit.? The back—fi

:“ground was 5 2% except as the 1owest ltl, 3 %, and at the
,; 61ffract1o1 miminun e 50 . S

III. _umall | I Rezion

-’

Our resul  fbr p-He elastic eross sections o

. have ‘beat f itted in the range 0 003 < |t| < 0. 07
(GeV/c)2 to the Glauuer formula -
I + fc!?, | - @
“where the;CoulombFSCattering;amplitude'takéSwthe'form;

fo = "g“ G (t)GHe(‘)ein S | o .(3).'

' .ﬂ', . T RN
In E . a is the Tfine structure constant G t) = ——
2-3, E v &) (1+|t|/o,71)2- L

-the proton electrowacnet¢0'*o"ﬂ factor,v'

GHe(t)A= - (2. :7*) Je11'7“1the He* electr01aunet1c form

'8v . 06h q‘."*‘
factor”, n = #q-;v RTET the Coulomb phase, and R -J§<r H >l/‘,:*””

1 36 fm, - the P= electroua~n=t¢c radlus deﬁlved from e—Pe

fscauterin

Th-:prO»on_ané-neutron-density*distributibnféfé&fépféseﬁxeda~f*f%

.by->

f;\wiwlé 9(55’m?=’»?=i'?5? =p,- M e R ';~7(4) }35




?nucleons insideithe"nucleus.
7amplitude is written in the rorm

| _t&
: s el Otot:
fep = Ton = fpn m (o + 126

“with dfbt(mb) = 90 886 - 5 2302 IS spp + 0. 5#37 an 2spp an
empirical fit to data of Carroll et al. The elementary '
nnoleon‘nncleon-amplitude is.assumed to be.spin,-isospin
independent. Such effects are not’preSent'colleotively on an
'disospin, Spln zZero targeu nucleus such as ‘He® ._f |

The Gaussian form of Eq.4 toaether'with Eq. 5 allow a

closed integratior over nueleon configuration space. The result

{The elementary nucleon nucleon e

+2b)t
mo- g

'1s the scatter inc nucleon—uelium amplitude, fn, parameterized as®
( 2‘ - Rza- ll_ A ] (RZ
1(R +2b) ] m+1, %ot
== en - Z X [ (- 1) (1-1p ). m 2% (szzb))
(6) '

In Eq 6 we have assuued that there are no. correlations between

~nucleons inside the nucleons and that the terms representlng

s eontribuuions of the ineiastic 1ntermed1ate states ‘are pro—

kportional to elastic ones with enhancerent coefficient Kn. Eq 6

rescatte"in5 terms, ‘ 3, l triple rescatterino terms, and
m=s u, one quaorupole rescattering term.
nq 2 together with defining Eqs 3 ‘and 6 were used to fit
' ,our results in the small |t| range, 0 003 <;|t] < 0. 07 (GeV/c)2

<%5dThis equation proved inadequate to give an’ aeceptable;fit over

°>5for m=1 ylelds 4 sinvle rescattering terns, m = 2 6 double, -




';iithe full It' rangaiofOOB < Itl <70' n

Avgparameters in the f*t are b, the effective nucleon nucleon |
elope parameter, p, the ratio of the real part to imaginary
part of the nucleun nucleon forward scattering amplitude
(t = 0) and the overall normalization, and in another variant
of_theﬁfit,.the normalization plus. the enhancement co-~
effioient Ka. In Table I the results from fitting the low 8
|tl are given., In Fig. H we plOu Elab = HS,;303 GeV data in the ',',i
|t| ranae 0. 003 < |t| < O 07 toaether with ‘the curve obtained o
,from our_fit. The, ppN valuee have been shown in. Fig 5, the

effective nucleon nucleon s one parameter has ‘been shown in

Fig 6.
In addition we have sougnu a model 1ndependent descrlption
of the energy behav;our ot dillractlon cone of p-He" elasth

scattering. For this purpose we used the traditional description

of the differential cross section
' bt+et? ' _ S
(t) |C°° 2 + feoulowb!? . ()
3 g GOy :
b(t=t,) = 3— (zn af-t=to =b, +b, Ins o (8)

and have found the paranete"s for different ¢~ 1ntervals -_The |

result is g ven in Table 11

,auIvl Full EYDé,i” al It' Reaion

In order to analyve the data in whole available region,

-e;,;° 003 |t| < 0 52 (GeV/c)’,‘we have employed a va,”fu'”"




. .\.

'The helium nuclea“ density 1s represelﬁ vmﬁ;;gpéusg;aqf_ s

distribution |

RO

The cdrresponding‘helium-fofm;factbr takesithe‘form

e R.l q | "Rzzqz . ‘- L L .
8a) = gip (¢ H 1 R N ¢ 1) IS

T I4D Y

’“The parameters D, Rl, and R, are determlned from approprlate

comparison with electron-hellum elastic scatterlng dlfferenulal‘

cross sectlon

- (11)

f9where G p(eHe)jiéftﬁaje'p 1menually measured electromagnﬁtlc
' form fac»or for e1?etf6ﬁ”' 1*un scatteﬂlng, F.. is the procon
. ..+ <RHe>% ‘P

"form fachor, ég'ﬁ-ﬂfxi descrlbes in an approx1mate way; the

‘:v*motion of the recoil nucleus, and A H the atomic numbe”,of

fhelium. Our i"tO the electron—helium data gives the x011ow155
values - SRRE .‘ . : e »
‘0,003 tm
0.014 £

LWL

R = 10346

I+

;jnzjg é'é?BJ




"Thé Glauber?dmpiitﬁde5haéﬁtﬁefforﬁ

o <RHe2>% .
oy o 2Py TR
' -+ * o
2 1Q'b 1= 2,0, 1Q"b. . '
Id be {1 [1 2ﬁp Id q £(q')-G(q )J} |
. ' bg?
| %ot w2 . 2
with f(q) = P (py + p°q® + 1).e o (12)
4w : , .

.Special care has. b2en taken in the. forms for the nucleon-nucleon.

amplitude £(q) and the form factor G(q) in order to minimize

the'expliciﬁ calculationkqf the integrals in Eg.12. Eq.12 |

éplits intd-the suam of four termS_A

£, + K, +f

-2 3 4

fp = f, + K,-f, + K, \

where f; descriﬁes the i-fold rescattering amplitude of the
incident proton in helium. As in the previous section the
factors K, are introduced in order fo take into account in a
semi—phenomenolo ica manner the appearanée of intermediate
inelastic proqessesi We assume that inelaétic intermédiate
states Introduce ihancement Paﬂtqrs_which'altef each elastic

rescauterina amplit ude independently. The parameters K, are

~ the subJecfs for our experi ental study. The most'geharal , Y

case would be to consider K as compiex functions of s and t

‘T'N' normalisation, p! (see

*coeffici ts or double, triple




ahd”fOuﬁ-rbid1ié3ééétering“térﬁs;‘iAs-a%éOnstfaiﬁt‘théhvaiues

PP 4a - 1
°tot ‘and It lnlfPP| = bPP(s, t) at |t| = 0.05 are fixed. The

fgggpterinig

1 these nrocedures we obtain good fits to our data In
Figs.T and 8 we plot the a=ta at E- h5 and 300 GeV in the
t region 0. 003 < | [ < 0.52 (f‘eV/c)z together with fitted |
cdrves.;gTthﬁdgtgdi_crameters«areﬂlisted;in”Table-IIIeandvIv
(fdfi?dbiéfiiidkg-= Kg =-K;n='l, éﬁdehere'isrno,conétraint for

thé’éldbe,of proton. proton differential. cross section). The

ng(E) are calculated from the f‘:L1:1:ed parameters, 0255 ‘
“h

= 1gw Im fp(t = 0), and are listed in Table IV. The values p'

given in Tables III, IV are sensitive to the model parametrizationj;

an opposite sizan soluticn with higher x?2 exists.
,uThe.coeffi rts,Kz e aremfound to be E-dependent. In
;?order to trace uh° ener;y dependence-of inelastic screening we
calculategths;vglue\

i ; pPe | nHe . |
Aqin( E) = RH (Y K,s X,) - tot(K =K, = K, = 1)

~ Since in-the,present;experiment we are able to measure only

re‘ativ diffe al Cross- section and oggg is not yet known,

the value Adi ( conuains our normalisation uncertainty. In | 5

.iFiz 9 we plot thn ;unction Aoin(w) - Aain(E -*"5 GeV), in order '_?f

1 -




fusection. We can asain answer the question abnut ‘the. energy and

:;‘t-dependence of the difrraction slope parameter by dirferentiat- o

eing -our fitted func tion

pﬂe(s, t) = d ln’fnlz

The result is shown in Fig.10.

V. -Conciusions

: Withln the fr'Tewar& el the simplifled Glauber model
we find our low ] 1 resul s yield-values‘for«the ;atio&of»i
the Teal part to. imaginary gartjof fhe forward'scattering
"amplifﬁde; p(‘=0), Which‘egreevwell with measurements in
p;p'seattering aSVShowniin Fig;S;’i

'The effective nueleon-nucleon interaction slope parameter,

b;obtaihed,from'low~]tl"analysis’(seeuTeble Iband'Fig.S)
is sivnixlcanuly dlI;erent from that known fron proton~prouon
3felastic scatter_do.‘ This E«LEC& is also observnq in- proton—
j«deuteron~elasu1ctscetterinv 17 r”his'may be attrlbuted to the

'effectAqfsinelastic,seetteri of nucleons in the nukleus.
;7;Ihde=d fﬁe:ebteip:afgood des ser p*ian of the daua by f1x1ncr the

ebNN bppfparaﬁa‘err and axlcwlng the 1ne1astic enhancement

5_*para euer K2 to beffree - As's- increases K, becomes larger.

‘- ﬁeThis 1s expec*ed s1nce the uoual cross section for dixfraction _

‘“'dissociation rises Nith energy

ﬂliwiﬁcan obrain uhe diff“action«cone characteristics,'



phenomenOIOgical formula Eq 7 Fitted parameters,arxilisted

fin.the'Table II. Parameter b, is again close to 1 atft‘i?o;,_,

'-p:The[pointeﬁsar't = oamay be~influencedvby incorrectly subtraCted*o

i coulonb scatte ing. The point t .= 0 07 should not contain
this error. . mhere 1s indication that the rate of shrinkage is
' higher at higher |t]. |

The whole investivated t region interval comprises the
forward diffraculan-and Coulomb interference,regions, the
‘Glauber minimum, 2nd the secohd_marimum;-1Itfcontaihs:about
120 - 150 data pointS'at each,primaryfproton’énergy£t~Théf;,
differential cross sectlcn is measured w1th a typical relative
statistical error zbout 1.5 to 3 %, except - the reoion offf

~min1mum around ] ~ 0. 22 (GeV/c)? where errors sonetimes each

50 & - Therexo"e this data set is very 1nformat1ve, and allows

us to perfora detziled Glauber analysis using equations,9 to
12. The reSults-are presentedsin Table»III'and IV.

‘The Tits show & p' term, the linear: dependent term ‘in
'p(t) = po +p lt[, of = 4.0 iﬂdependent of energy. At ‘the
minimum of cross section the contribution of this term becomes'

large and the re —l.part-of'the amplitude‘turns out-to be-of the
order of 100 % of imaginary one. Unfortuhate1&4at present

. state of'analysis w" feel that p' may be greatly changed by

another chcice of nucleon—nucleon amplitude paranetrization.

) So aore mork reﬂains to be done to be certain abou the:value‘

- for p(t # 0)

='The;importantFTeatdrefof:the?preseﬁt”ahalﬁsisﬂfslthe'




. :§§arch*f0r inelas‘icsintermediate”states*in the'helium?«~w

:gnuCiéus.‘ The fits show that enhancement coefficients Kz, K,,
77K~ are very impor tant. They have different values. Surprisingly
K, is high.i The fourfold rescattering is- increased some 60 ‘f
‘times with reSpeCt bO the e1astic one; due to inelastic inter—
mediate process=s. In order to understand this result 1et ‘us
consider all possible rescattering graphs in p-He". collisions

as illustrated in Fig.ll. ‘There is only one graph representlng
doublevrescattering (Fig.11(1)}). Accordinv to our definitlon
the enhaneementrduefto;inelastic,processes:comes as\aafaetor

vk at each vertex, so-the:douhle:reseattering.ampiitdde.has a

factor
Kp =1 +k S Qa3

There are two graphs representing the triple rescattering-
(Fig.11(2a, v)). It is seenvfrbm}the;graphs_2a,ahd 2b that
there are two t§p=s ol vertices in this eaSe ard:thatithey nay
have different -factors which are denoted as Y& and Yk7, so the

triple res erin~-amol tude has an enhancement'factor
Ky = 1+ k/KT + 2k R L)

Similar consideration for four-fold rescatterinv (Fig. 11

'(3a—d)) leads ts. to formula
K, =14 kk' + 3k + 2kJETA+_k2 3 . Qas)

,A;The;parameterszng X,, .and K“,arerfitted;independently.‘




From Eqs. 13 and lh one can find values for ' and k' ard from -ii
'_Eq 15 predict the value for Kn-, The predicted value for Ku is:
L~shown in Tabl° IV together with fitted one.¢ They-are in~close
fagreenent w*th each other, which gives bupport for this model
of inelastlc ng in proton heliam interaction.

Another cbaracteristic of the model is the behaviour of
the pHe total ¢r ose,section. It can be easily calculated as
Otot ‘- Im_fn(o). 'fhe'calculated values are listed in the Table
IV. In Fig.9 we show the function 8 = Aoin(E) -'Acin(45 GeV)
nhich:visualiZes the role of inelastic screening. 6*' "= (2.37

+fO”18)‘ln~£L“'“mh‘s is to be compared with correspondlng value
So

'for pd scatteriné. 8pd = (0 52 + 0. l) 1n. s/s Levin and |
‘Strickmannll have estinated’that the inelastic term in pHe is
' much*more-predonin:nt than in pd scatterlng, namely cln(pHe)
= 10-0, (nd) ‘We -ind this prediction qualitatively true.

In Fig 10 we show the rate of shrinkage‘of diffraction cone
of pHe ela=ti ’ cattering klng use of the derivative of the
Glauber:d*fferentia-'cro=5'section with all ‘parameters fitted
.(and shown 1n‘Table v). “Therresnlt obtained in'thié manner
is- in agreement wi h nrevicusly obtalnnd parameters bDHe(E)
bpq‘(t) (Fig 6 and Table III). Here we- again observe the rate
of shr-n“age of pHe cone tuice as- large as for pp-scattering.
At higher [t| the rate of shrinkage is higher |

bPHe(t] = To“of) LR |

bp“e(|t| =01) = £ 0.1

a;bgﬁe(]tl - o.13)-=,1.35 £0.1

o '15 -
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Table I

~ 1st variant | ' 2nd variant

 &»pg PPN ~ x%/D.F. 'bpp(fixed) pp?(fixed)

0,011  55.7/55 |
0.012 42./48 |
0,008 ©52./53 |
0,010 :37./43:
0.008 - 43./50
0.010 53./45 |

0.037  55./54 10.72 -0.150 0,998
0.040 42,747 10.73 -0.149 1.017
0.025 49./52 - 11.53 ~ -0.040 1,102
0.035  40./42 _  11.67 " -0.019° - 1.132°
'0.026  44./49 11.76 . =0.008 1.139
‘0.040 - 48. Z 11.90» ~ +0.012. 1.136

.16 - ~-0.152
.18 . ~0.134
W13 -0.048
.14 ' -0.040
.12 -0.013
.16 0.000°

4.9  10.57
5 .10.74
12,13
12,40
12,57
12,75

oW
T T T

+

R L
R S T Y -.H-"_f ;

¥ 4

= (s 27 o 44) + (o 98 s 0. os) x In s H
(-o 045 £°0. 010) + (o 057 + 0.017) x In's

PPN
, Table II |
b (t— )*— b +b, g‘ih;s{ L .“1$,,,

“1Interva1»8ffft)7; AVerage <t> togﬁ- . by e gixf/pig,“A

0. osg'ﬁ; 11414;
0, °7L'i}73;2,4,”»

i+'

1 0.003 - 0.07 0,03 25.3 + 0.5 1.25
©0.04 - 0.11 0.07 29.1 £ 0.5: 0.94

- 0.08 - 0.16 0.12 " 32,0 £ 0.8 _}1 SI

.

“uw




‘Table ITT

_"vlp(t) = py + p'|t|

"7thﬁergy;

(Gevl -
. 45.5 11.14.
. 199.6  12.42

0.04  332./136
0.03 - 280./115

0.03  634./140
0.03  390./122
0.04 259,138
0.05. -~ 382./129

0.03  =-0.150  -0.19
0.03 -  -0.149 " -0.16
| 0.03 -0.040 - =0.22
¢ 259.3  12.35 % 0.03 - -0.019 . =0.16.
13010 12064 # 0.03.  =0.008 -0.22
- 0393.3 $70.03 40.012  40.22

SHTH R W

THOH L R W
(¥

L

R
(=)
[} 3




:’-51 ﬁ,; In$ﬁt,vn1ues -

10,90
110.90
1144
11,570
11,65,
e

~ =0.150
~0.149
~0.040.

-0.019 ~
-0.008°
40,012

=3.87:0.31
~4,08+0.32
=3,9120.15
=4.08+0.16
=3.66%0.15
©43.6410.15

Table IV

1.38£0.02
1.39£0.02
1.5740.04
1.54%0.03

1.6420.03

1.48:0.04

Fitted values

K,

6.76%0.18
6.7320.22

7.8540.47
7.1940.35

8.51+0.31
6.54%0.45

170.041.3
69.241.7

70.5%5.1
6;.313}8
74.213.2

53.914.6

x2/points

202./136

141./115
192./140
154./122°
185./134
153./129

Calculated values

kﬁif(x,.x;jv

pHg
ovtot

132.0510.33
132,09:0.38
129,9840.20
130.99+0.18
130.5320.17"
'133.2930‘25

76.38

70.72
61.26

76145
55.53
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