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ABSTRACT
We present a summary of results obtained during
the last few monthe from the 30-inch hydrogen bubble
chamber at National Accelerator Laboratory.

INTRODUCTICN

We start by giving a table of plctures taken so far at NAL.
Table T. NAL Bubble Chamber Exposurcs (as of Ausust, 1973)

. w Pictures -
Pbeam Exposure Tn Hand Groups
102 PP 30, 000 Michigan - Rochester
205 o] 50,000 ANL, - NAL ~ BStony Broock
303 PP 50, 000 WAL -~ UCLA
405 PP 12,000 Michigan - Rochester
205 P 50,000 LBL - NAL
208 o HYRRID 16,000  1(ANL - Iowa St. - Moryland
303 pp HYBRID 18,000 [{Michigen State - NAL

+
100 (n /p)p(Tagged)| 50,000 U. C. Davis

We want to emphasize that there are a lot of hard working
people in all these groups and we are extremely grateful to them
for providing us with the data we will present, most of which are
unpubliched as yet.

The broad topics we wanlt to cover are as follows:

I. SLOW P SPECTRA (Diffractive Production)

II. OT: OEL’ O'n
ITT. PRODUCTION OF NEUTRALS
IV. CHARGE TRANSFIR AND CORRELATIONS

1. SLOW PROTON SPECTRA

The "diffractive" peak in the proton speetrum was first seen
at the ISR in 1972.1 This was confirmed in the NAL bubble chamber
at 100, 200 and 300 GeVv and an estimate of 7 mb was made for the
ditfractive cross scection. It was also seen that the phehomenon
occured primarily in the 2 and % (charged) prong topologies at

these encrgies.

*Regearch supported in part by the Uo S. Atomic BEnergy Commission



X and M2 DEPIENDENCE

k.3
Using the variables X = 2 P, /A5 and 1»12 resmpg + s(1 - |x])

we show in Figure 1 the do/dX distribution at 102 GeV for all’
inelastic events with a slow proton. By "slow" we mean Plab <1l.2

GeV/c, such that they can be reliazbly identified by icnization.
Thia Plab cut causes a bias for X ¥ -.5. {(The invariant cross

section EdBO/dP3 integrated over P2 is approximately equal to
Xdo/dx. )
_ One gets 6 - 7 mb for the
50- : diffraclive peak (IX[ < .9)
102 GeV by estimating the shapes of
PP=P the peak and background in the
+ region where they overlap
(dotted lines). - (When gquoting
_ total diffractive cross sec-
1 tions we always muliiply the
% Biseo  opaerved cross section by 2 to
\ Recion T
b { account for pp symmetry.)
i The fact that the diffractive
i conponent regtricts itaelf to
|
|
1

D
Q

d6/3X (mb)
w
@

I
<

low prong nunbers can be seen

in Figurs 2 vwhere we ghow

s 7 6 5 X cto/dM2 = (1/8) d¢/dax at 205
GeV. (The reader can use
4.35 ub/event to convert this

"ig. 1. distribution of slow .
g X distr ® Figure to cross section.)

protons. 5 5
Note the events at negative M~ give an indication of the M resolu-
tion due to angle errors on the short protons. This resolution in
M~ deteriorates proportional to P(beam).

There is evidence (not shown) that the higher prong numbers
gtart to contribute more strongly to the peak as 8 increases. This
agrees with the observation at the ISR of a clear diffractive peak
for =6 prongs.

Similarly, in Figure 3, the new results from 205 GeV ﬂ-p inter~
gctions are shown. :
From this we conclude that

p p is remarkebly similar to P p

The LBL - NAL group estimatcs.2.3 # .2 mb for the diffractive

peak. Curiously enough, they also get ~ 2.4 mb Tor OEI(ﬂ—p) at

20% GeV. Hence x p is 1like pp in this respect also; the diffractive
inelastic cross section ig of the same size as the elastie cross
cockion in bolli eages.
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DEFLEDENCE O 5.

Few results have just become available from LO5 GeV pp inter-

. >
actions. The compurison of do/dit” at LO5 GeV and 102 GeV is
gshown in Figure k.

S
o)

-
[ ¢ © o o o 0

6 20740 &0 g0 100 iz20
ME(GeVE) |

e 2 . . ,
Fig.4. do/aM® for pp » p + M. Histogram is 102 GeV data,
circleg are 405 eV data.

Tt is scen that the peak below M® A 10 remains approxinately

. . . 2 ] X
constant with energy, whereas the higher M™ region falls approxi-

mately Ctl/lz’(beam) &1/8. We see thig same behavior in the Y-prong
events at 102, 205, and h05 GeV shown in Figurc 5. The hOO GeV

data shows a strikingly sharp pzak for M2 < 10 which was nol as
evident at 100 and 200 GeV. This M2 < 10 peak appears to remain

o .
constant with enerpy whereas the M~ > 10 resion falls with energy.
From this we conclude the Tollowing:
<y
(1) The region M2 < 10 GeVS hasz the propertics of good old fash-.
ioned Good-Walker dii’fraction dissociation; dc/ﬁMg is independent
! . 2 i

of 8. TFor the | prong cross secvlons and M7 <12 we gel

205 Gev: o= (L.t .L) b

Los Gev: o= (L.3 +.2) mb

2

o will refer o Lhin W7 < 10 neok as thoe D, component.
|

" L8]
(2)  lwzcdlotely above 17~ 10 Lhe cross secbion OO/JM“ al o



Al ~ _ given b 'vl falls rapidly with
./OO" : . : S. ‘This region cannot be

B 4 PRONGS the T}F component. It also

. cannol be due to the so-
© 405 GG% called triple Pom eron‘(PPP)

O ' o /OZ GEVC tervn3 which gives do/dN o

: l/ M' aud indepsndent of S.
« 205 Gel/e

(’]no 205 6=V 1"eqoarche:c"‘

“have shown that the 1‘-1‘“ < 10
peak is ~ 80% due to the.
hegonatraint #inal state

B
ppr it ; whereas the 10 < M2
< 50 region is predominant-
ly due to events with extra

% e In order to investigate
! ‘ ! __ this further we plot do/dx

O 20 40 QO Por those came H-prong

2 ; 2 events in Figure €. Here
M (G e V ) we ascelurther evidence Ffor

threo resions of hehavior
he M2 dietrihution in +he proton shectrim

i (}) ¢ neutrals produced. h

Fig.5. Cowporinon of

i
For Netrodes ab Lliree
Drodgs au Lhree

illerent sucvrgles. (Dwon Lelt to right)

(1) 9he region -.9 <X <

-.5 {"oroad hwmn”) scales

with & approwimately. (Tt
falls slichtly due to the decrease in the total li-prong cross section.)
(2) At X a -.9 the cross section at any S begins to rise, but at a
given X it fallg with S. -

(3) ror 1\'12'

comesg proportional to 8 (all three curves crogss ') in agrecment

o
<10 the cross section do/dX at a given M” suddenly be-

with the Dl. component behavior.

Region (2) (X = ~-.9 down to NG = 10) has a behavior which shows

3
it is difTerent from both the "broad hump” and the D {M~ < 10) com-
ponents.  We call this the DII component. It -appears to have the

following propert ies:
{a) At dofdX starts to rise above the broad hump at

all cnergiev (NAL, ISR). This is due to the hIl component.

(b) At a given ¥ it increases its multiplicity rapidly with 3.

(At a Tixzed X, M2 e« 8, and we know that < n> ig a function

only of ME, thus < n > must increase with S. )")

(¢) In the region -.95 < x < -.90 the cross section do/dX, as
o Manetion of £, appoors Lo bo Jallin siowly (ot seoling
vhen gimed over all topolozics, ag ean be scewn from the

kS
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Tagie 2. Average dg/dx (all inelastic) for [.93 <}{ < —Jéﬁ
Beam ifnersy s(gev®) o interval < do/dX > (mb)
102 Gev 196 10.7 < JV'2 < 20.5 20 2
209 GeV 385 20.2 < MP « 39.5 17 + 1
405_Gov 762 139.0 <1° < 77.0 15 2

(Due to uncertainties in the elastic contanination in 2-prong

nelastic events it is not possible to oblain very accurate esti-
wates of the total inelastic crosg secltion for -1.0 <x < -.9
The best estimates we have at present are (3.0 % .3) mb, {3.1 & .3)
mhy, and (3.3 4 .4 mhoat 102, 205, and W05 oV "ﬁﬁnyhizvcl'
Mulvtipiying these numbers by 2 pives the tolal "dilffractive!
(D_[ L 1) crogss sectlon {for ,Xi > .9, Thosre cvents appear to he
u}lib aL01 cava;]v hvimo n the DJ (i2 < 10) and D, coaponents,

x4

The 1¢3L colunn of uuole 2 shows that there

1o slow decroase
ot éo/dA at a given X for the DII component. On bl

w2 olhier honi,

. . = e
Lhiere s o dramatic eucrgy devpcadence iov da/dm in o gtven i
interval., Tt falls vopidly with 8 in the DL} region, dag can be
seen from Pable 3. -
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Table 3. Average do/dM2 (all inelastic) for[ié <M < 30}

Beam Ynerzy X interval < do/@f > (b/nev®)

205 Gev - OTL< K <925 58 & It
k05 Gev - 985 < <D 25 & 5

It is clear from Teble 3 thgt the Doy region atONAL encirgies
is not dominated by "triple Pomeron" behavior (do/@M” independent
of 5 at a given ME). This.is further supported by IMigure I vhere
we sec that the GO GeV do/dME does not fall like l/M2 in the DII

region (10 < M2 <77).
SUMMARY
To summarize, I believe we have evidence for itwo different
types of behavior in the "diffractive” (1> .9} rezion. The
low mass (DI) component (M2 <10 GeVg) locks Like old fashioned

-
diffraction dissociation; do/dd” is indevendent of 8. The high
mass component ( wp to X) = .9) is not like D It also does

not have the eccrrect & and M2 denendenna 0 he txinla BPomeron,

20:} r - S

: V ' - | 2 i TIRTE
100 _§¢ PT DEFPENDFICE

*: § \§\,£xpeasnﬁJ'

L

In Figure 7 we show the
P& dependence of the DI region

. and the "broad hump" region.
N ' . The broad hwm has an early
} : * .‘\+ . slope of ~ 8.5 and then Tlaliens
\\ f out. The Dy . region (not shown)
oL * A : * has a slope of ~ 7 with no evi-
L *, C dence of a turnover. The DI

EVENTS /02

region ghows some evidence
{ for a turnover in h-prongs
at }ﬁ ~ .04, Beyond .05 the
| } slope ~ 10, TIn the 209 GeV

® p data there ls no corres-
B2 (Gee)? ponding turnover for Y-prongs,

EGR Thy AU . o
© 2 24 =6 Ao M™ < 10 {not shown).

] . Ry
Vi, 7. P doemendened of protews, O 100 IRTTERS AL TR Tpranns,

S e O 1y 0P, 205, 07T, BOY Gov, N Bronses o 10

—— = . .

(Fig. 7. P2 depehdence of protons. O 102 and 405 GeV, > 4 prongs, -.9 < X <T -.6.
0 102, 205, 303, 405 GeV, 4 Prongs, M2 < 10.)


(Fig. 7.  P² dependence of protons.  O 102 and 405 GeV, > 4 prongs, -.9 < X <T -.6.

O 102, 205, 303, 405 GeV, 4 Prongs, M² < 10.)


IT. TOTAL o, BLASTIC o, MULTIPLICITY

In Table 4 we compare crosg sections at 100 and LOO GeV mea-
sured by the same group (Michigan-Rochester).

Table 4. Cross Sections at 100 and 400 GeV (mb).

Pla,b %ot Telas el 2 Pr. 2k Pr.
inel

102 38.9+.8 7.04.5 31.9:+.7 .54k 27. 1.6

ho5 40.641.1 7.84.6 '32.841.0  2.7+5 30.14.7

Ao 1,74, .84.8 9#..2 -1.8+.6 2.7+.9

We see some (statistically weak) evidence for a rise in both
the elastic and inelastic cross sections. The higher multiplici-
ties are clearly still rising rapidly. For =6 prongs we find

ho = (6.0 + .8) mb. It is not clear to me what thig means, if
anything, vis-a-vis the rise in %ot seen at the 1ISR.
MULTIPLICITY
In Figure & we show <n > :f‘;, and fg from bubble chamber in-
elastic data in the range 50 to L00 GeV.'eO
4
L J
L o ALL INELASTIC | M
o 2-PRONGS ROMOVED .
3r -
o]
i . NS 1
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2t ' o ° { .
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; -1 Moments
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ol 5 2 3 4 multiplicity
o digtribution
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; * momenbu.
-1 .
4 T | T T T T 1
Ol- -
Q o)
Q
-} + 4
ol f {
t 1 S NS 1. t L 1
20 10 60 Bo 100 |2 200 400

Lab



(1) <n” >gives a reasonably good fit to a straight line vs.
“ln S. However, if we take out the inelagtic 2-prongs from

the computation of <n > we get what looks like a break in

<.n > at about 100 GeV. {This removal reduces the errors .
considerably and provides a more reliable comparison bet-
ween experiments.) We rcmark that the break at 100 GeV
ray be connected to the rise in the total cross section
which starts at the same place.

(2) f; apparently requires a lngs term.

(3) f; is consistent with going negative at high cnergies,

which would be required by two-component models , but
the trend above 200 GeV is for it to become positive.

It was observed at 100 GeV that taking out the DI and DII cam-~

pronents leaves a multiplicity distribution for the remaining events
(ND) which is very nearly Poisson.7 This behavior, which also holds

at 303 GeVB, ig shown in Figures 9 and 10. It is apparent that the
ND component is becoming too wide at 400 GeV for this idea o0 work
exactly. The D components in Pigures 9 and 10 are deflncd by

x1 > .88 ana !X‘ > . 90 respectively.
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Tigs. 9 and 10, Maltiplicity dishiribulion for D and M0 corponents.

The curven are Poissong with < n_>~. = 2015 end 411 respoctively.
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Ki0 SCALING

It wae concluded a year agog that the KNO scaling limitlo had
already been reached alt 50 GeV. Improved data at 102 and 303 GeV
and the new data at h05 GeV now indicate that this conclusion may

have been precocious. The reduced moments < nk >/<n - and

<u >/b have not yet reached their constant asymptotic limits,

if indeed they ever will. The empirical observations of Wroblewski

seem to give a bebter description, as can bhe seen in Figure 11.
Exact KNO scaling may not hold but nevertheless it gives an ex-

tremely good paramcterization of the data from 20 to 40O CGeV.

( + L -

ey
!

.30
b
|25}k
{n2)
Y
120}
} _
‘50'1)"/"1%'3 '5<n>47’é

Fig. 11. Various reduced moments vs. < n>. Data poinls are at
19, 50, 69, 102, 205, 303, h05 Gev/e. D is the rms width of the
multiplicity distributions. 7The curves are Wroblewski's para-
meterizations based on D = .58 (< n > -1).



III. PRODUCTION O NEUTRALS

Figure 12 shows the average number of 0 per inelastic collision
as a function of In 3. It falls on a straight line (within the large
errors) and approximately parallels the < g™ > about .l units higher.

NAL points at 100, 200, and 300 GeV are shown.le’l3
T

ISR

(>

[+ el TR AT | oot 1 gl .1 PR |

10 100 é(GeJZ)' 1000

Fig. 12. Average number of x° per inelastic pp collision. The
solid line is a parameterization of < x” >from 50 to LOO GeV/ec.

The cross sections as a function of P

Lab
tion are shown in Figure 13.12’13 It appears that the AP cross sec-

tion may have rcached a (temporary ?) platcau above 70 GeV. There
appears to be some non-statistical uncertainty associated with these
data since cross sections don't always agree at a given cnergy. It
might be wise for the reader to increase all quoted error bars by a
factor of two. The production of these neulral strange particles

‘ -0
for Ko, AO, A produc-

contributes about 5% of the obzerved ﬂo'produciion.
The X distributions of these neubral particles at 102 GeV are

shown in Figure 14. The 7 and K= dala fall off wiith X in a manmer
typical of meson production. The AP data pcak toward large ¥ indi-
cating the AO are asgociated with fhe baryonice charge of the in-
coming protons. Similar results are found at 69, 205, and 303 GeV.12’13
The Ao show an increase in the fragmentation region above the 2k

B . 1h
GeV odoba of Muck ot al.
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: TV, ORI AND TWO PABTLCLE FHOLUSD IV
Inclusine production of positive {(with protons comoved) wod
negative purticles at 102 Guv/c is shown asz a Tunction of c.m.
rapidity in Figmure 15, There iz a bread central plateauw (which is
not completely Tlat)}). The height of the platoau in fact rises

c
linecarly with In & from 12 1o 300 GeV as can be seen in Figure 106,

1z20r é :

. 4 E
0o} ‘

_ 4 ]
so- 1
ol O perry- T
E 67X
60} o

I 0 i
e o e’

b o 4

_ Y-
20 om =T T ¢
G -7 do/dyl . FOR X
- =097

roe—" " 1
(4] 1 s i . A 3 i C

o 20 40 60 oo P T200 300 400

Lab

Fig.16. Inclusive negalive particle crogss seciion ard height of rapid-
ity vlateau in pp collisiecns. Dotted line is ( -4.45 + 5.48 1In P) mb.

We see Trom this that the approximate growth of G(ﬂ‘) with In &
is not eimply due to an enerygy independent central do/dy coupled with
the gimple In § broadening of the avallable y range. Life 1s more

canplicated than that. The total cross section for making « is
groving everywhere, except in the Trammentation region tails (Y
In the fragmentalion region;one~pal11clu iHmluolVC scaling
does hold ratier well, as can be seen in IMigure 17.
This inclusive scaling holds (ot least to ~1 10%) all the way
up to IS8R energies in both P {Lub) and,PT varlacles. llowever, ithe

~1).

hab™

various topological LONLIibuLLDU“ to the crosa seclion in this re-
glon are changsing with encrgy so the picture is net as biwnle as

- 16
originally proposed in the limiting fracmentation hypothesis.”
This topologinral variation wvith beam encrgy is shown in Ligure 18
where we have taken o slice (0 <V < L5y corrvesponding to

0 < }\z < ~ L3 Lov/c of' the datd]&b of Figure 17 and plotted the

enery variantion of its topological components. Ve see Trom this
that the CO‘MH“ wiions of Fhe various fonnlosies o the Maomantoe-

VT

In ih

methidny

tion region change with energy in a manner very similar to the overall
multiplicity cross sections. In this respect there is nothing


tion region change with energy in a manner very similar to the overall

multiplicity cross sections.  In this respect there is nothing
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Fig.17. Demonstration of inclusive scaling in the frapgmentation
region.

special about the frarmentation region. The conspliracy which keeps
o(inelastic) =~ constant while the various g change rapidly apparent-
ly operates everywhere. a

Turning back to the central region, one can ask how the increase

. X
in do/dy at vy = 0, illustrated in Figure 16, comes about. Docs the

increcase depend on the P& value in such a way ag Lo give a salturated

(or increasing or decreasing} particle density in some invariant

momentum gpace volume elements GSP/E ?  The answer (at leastqfor
Bp X1 Gev/e) appears to be that the particle density Bdo/dpo ot
.K_

v O dinereaces with heam cnerey by the cwee propovbion ot all
wadues ol D This ia llwstreated in Figaee 19 which shiows dnvor-

Spat
1
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30 Fap 100 200 ~ Error bars on the 102 GeV/c data
Fig.18. Energy variation of are about the same size as on the
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the fragmentation regiom.
iant cross sections in the central region for pp » x at P = 19
GeV/e, 102 GeV/e, and 1500 GeV/c (ISR). rr The Py shape is s:l.milar

at all three energies and appears to level off below P~ .2 GeV/c.

T
CHARGE TRANSFER

It is interesting to see how the particles in individual cvents
distribute themselves in making up the broad rapidity pleteau in
Figure 15. If we first ol all ignore the charges we see that each
topology (except L-prongs) likes to divide its particles evenly bet-
ween forward and backward hemispheres in the c.m.. This is shown in
Figure 20 for the 205 GeV data.

We now look at the amount of charge transfered from one hemi--
sphere to the other (Figure 21). "We find that Tor =6 prongs it is
actually more probable to transfer a single charge than to Lransfer
none. The significant fealure of Figure 21 is that the charge trang-
fer frooucney for a given lonolery does not chance whan the beanm

_ 15 .
ernergy i1s doubled. This is certainly nol whal one cxpects in any



kind of fragmentation picture.
In fact the general features of
Figure 21 are fairly well repro-

ANL-NAL 205 Gevre duced by putting a nucleon (with

2oojrﬂ—i el "] probability .5 of being a proton)
1o { in each hemisphere and flipping
100 - 4 J ol i { A a colin to decide where the re-
. SR maining pions go.
|
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TWO PARTICLE CORRELATIONS
Good statistics data on two particle correlations are just

startins to come out from the HAL bubble chamber.l Since the ISR
has so far only produced data on charged-charged and charged-neutral
correlations it is of interesi to see what the individual +-, 4+,
== correlations lock like. The simplest Mucller-Regge theory pre-
dicts no central region correlation for -+ and =--.

Looking at the raw two-dimensional distributions dofdyldyg.

is not very enlightening since one sees a broad hump without
mueh structure. This broad hump must be partly due to kinematics
and the Tact thalb several entrieg are made for each event. (A
10-prong gives us 90 entries on the ch-ch plot!} One can be
#lightly more sophisticated and study the correlation fuaction

-1
Ry, = [ olinel) do/ay dy,] [(do/dyl)(dc/dye)] -1

for all topologies together. These distributions are alsc dominated
by a broad hump which rises to a height of .4 to .7 in the central
region. The only distribution which shows any interesting structure
at our present level of statistics and understanding is R {+-).
An example of this is shown in Figure 22 where we see scme evidence
of a ridge in ng along the line V. = ¥_e

In Table 5 we ghow the 8 dependence of KlQ at ¥y = Vo = ¢ in
the c¢.m.. I am told that the fact these heights don't grow (e« /5)
is the coup-de-grace for fragmentation-type (e.g. NOVA) models.

Table 5. S Dependence of R

12
Height of ng at Yl = Y2 = 0
Py /8 - - e | ch~-chl
102 14 Gev 4o o .7 .6
205 20 GeV ~ .3 .35 .7 .6
205 Hybrid 20 GeV 4o
303 Hybrigd oli GeV 45
18R giziy-Brook 23-5%QV -
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Finally let us look at the transverse correlations fiven by
mezsuring the angle © between the transversce momerdion vecbors of
two particles. These distributions arc shown in Figure 23 for vari-
ous charge combinations and rapidity separations for the 102 GeV
data. The largest baclk-to-back correlations arc seen Tor +- at
small Ay. The ++ and -~ data show very little correlalion, which
may indicate Lhat these particles more frequently have other neu-
tral or charged particles between them in the rapidity chain.
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Fig. 23. Transverse corrclations at 102 GeV for = 6 prongs with
protons removed. The curves are Trom P. Slatiery's Monte Carlo
calculation.

Pue Lo Lronsvereso momoentum coroseorvatioed thore moanst bhe oo
coriain omounmt o1 back-to-bmcek correlatbion in the data. i is
somewhal swrprising lhat there 1o in roct se Jittle in $he 11 zud

-= samples.
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