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SCANNING OF 10 GeV/c K~ PHOTOGRAPHS IN 2-METRE H,B,C.

a8 o e

Object

It is intended to measure on the photographs of 10 GéV/c K teken in the
2~metre CERN hydrogen bubble chamber, the following event types:
(a) Two and four prongs with no strenge particles
(v) Zero, two and four-prong events with a single v°
(¢) Events with two or more strange particle decays (charged or neutral),
for all prong multiplicities, This includes a search for Q" particles.
To obtain absolute cross—-sections, we scan for, but do not measure all other

event types.

General Scanning Conventions

We scon on viewsl,3 and 4,The fiducial regions are determined on view 1,
In the first scen we use view 1 (bacause it has better optics) and view 4 is
used as a reference in the case of difficult events, In the rescan, we look
at view 3 and then look at view 1 to determine the grid and ionization,

If a frame is not acceptable (flash does not work, bad development, less
then three cameras) comments may be made (with an 'R' to show event is rejected
and o comment to explein why), but they are NOT in general necessary and it
is simpler not to make them, To meke the writing on the scan sheet more easily
distinguishable, please write with a red pen, If the writing of an event is
not clear, because of score outs etc., please score out entire line and start

on a fresh line,

Ansular Acceptance of Beam Track

The incident beam track is accepted at the scanning table if it is within
about one degree of the angle of the other beam track, To be precise, we
require a beam track to have a displacement from the general beam direction

of less than 5 mm over a 30 cm length,

Width of Fiducial Region

The width of the fiducial regions is defined by lines joining the inmer

fiducial marks as shown in the FPigure, This is on yview one.

PS/5677/jc



CERN/TC/PHYSICS 66~27

5. Length of Pldu01al Reglons

As shovm in the Figure, the chamber is divided into four reglons.

- Firstly there is a small region near the beam entry which is used only téh
detefmine the direction of the beam track and hence we do NOT, scan in this
region., Secondly therc is a long fiducisl region in which we scen for gll
events types (we only measure types (a), (b) and (c) of paragraph (1), but
record the other event types - 6, 8 prongs etc, — for determination of
cross-sections from counter experiments). Thirdly there is a region in which
we scan only for events with 2 or more strange perticles (type (c)~of
paragraph (1)), Fourthly there is o small region at the end of the chamber
which we do not scan for interactions, but only use to reject ° decays
whose outgoing tracks would be too short-to rw1ve usoful mnea surcments, that
is if the apex of & 7° lies in this fourth ?eg Lon the V should not be
~congidered in the topology column, but it should be noted in the comments
column as "VO TOO SHORT", Thus & 2 prong event with 2 V° in the fourth region
should be described as a 2 prong and measured os such, The information
"VO TOO SHORT" will be printed on the Event List cnd may be used to check
the choice of the correct GRIND hypothesis, This is necessary because we
correct for the probebility of decay of Vo's‘outside of the illuminated rggion

of the chamber,

6. Acceptance of Neutral and Chorged V's _
To be accepted for measurement,Athe sum of the lengthg of the. prongs of

Vo should be greater than 15 cm (in chamber space) on at least one view, For
a charged V, the sum of the length of the chargﬁd v wno of its secondwry must
be greater thon 15 cm in at least one view, If a V or V— i hoglef than
required, the event‘should be recorded in the "Comments" column (this is to
help the comparison of scans and the checking of GRIND hypothésis); Also if
the v° apex occurs downstream from t@e last pair of fiducial marks, it should
be ignored (see drawing). This is due to the fact that the most difficult
events are high energy 7°tg with short prongs and such events tend to occur
only at the end of the chamber. It should be noted thﬁtlvb's‘can come from
a decay point (:r or Qf) - such a V° should be written down in the scan sheet
as a normel VO - GRIUD will try to fit the 7° to the apex and to the decay point,

If o v° can come from two apexes, then one should write SV (for same V ) in the

"Comments" column for both events,
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T. Hlectron Pairs

IF an slectron pair comes from o gamma ray produced in an interaction,
it is 1mportant to note it in the scannins list (although itvis not measured,
it is used later to distinguish between events with o missing neutron or a
.missing ﬂo) ' _

To distinguish between clectron pairs and x° or A° decay we use three

pieces of 1nform;t10n,
‘ ) The angle between the two prongs of an electron pair is alweys zero,
The 1n01e betwcen the two prongs of a K° or N is usually not zero, but can
be zero (a) on one ceamera only because of chance, (v) if the v° disintegration
is along the line of flight of the Vo, that is, ﬁhere is one high energy prong
and one low energy prong,

2) An electron has always minimum bubble density (opart from question of aip).

N
)

A pion of less than 100 MbV/c has at least 3 tines minimim bubble density.,
Hence, if a track has o curvoture of less than 20 cm rodive (lQO MQV/C it
can be decided if it is a pion or an electron, |
3) If o 7° has zero decay angle, then if the prong with lower momentum has
more than 100 MeV/c, then the other prong cannot have o momentum less than
1.5 GeV/e, For example, one cannot hove momenta of 100 MeV/c and 700 McV/c
for the prongs, or 200 MeV/c and 400 MeV/c, etc, and still have zero angle
between the prongs of the Vo. No such restriction applies to electron pairs.‘
' Hence, if one finds a Vo with zero angle between the prongs,
1) Check on & second view that tho ongle is also zero, )
2) If the lower momentum prong hes a redius of curvature of 20 cm or
less, look at bubble density — if it is more than 3 times it/is
a v° and the event should be measured -~ if it is about minirmum then
it is en electron pair, it should not be measured but should be: ‘
recorded 'G! for gamma, |
3) If both tracks have o curvoture of less thon 200 cm, then the event
is an electron pdir.
4) If one track has a curvature greater than 200 cm, it may be a VO and
should be measured (We take 200 cm radius = 1.0‘GeV/c instead of
1.5 GeV/c to correct for dip etc,). One should write on the scen
sheet the topology number assuming it is a VO, and in the"Comments™

column one should write 'VO/CG!, See Exeomple No, 14.
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8. Dalitz Pairs
| If o gamme is converted to an electron pair at the interaction point
these eleotroﬁs are called a Dalitz pair., These will cause the number of
prongs to be two mofe than desired. Hence if one of the prongs can be identified
as electron, then it should be assumed that therc exists a second electron
frack even though it cannot be identified. The event should be recorded as
the number of non-electron prongs and 'D! should be written in the "Comments"
coluﬁn. Thus a visual 4=prong would be recorded ag "2 + Dalitz Pair", It may
be noted_{hat the angle between the Dalitz poir is in general not zero,
though small angles have the highest probability. If only one electron can

be identified, the other bheing too fast, the event should be re¢jected,

9: Odd,Numbér of Prongs
- There are several possible couses of ovents with an odd number of prongs,
one of which is that the proton has o momentum of less than 50 MeV/c ahd S0
has too short a range to be viéible. Hence these events should be recorded
if‘they occur in the fiducial Region so that an upper limit noy be obtained to their

frequency of occurence,

9a, ggbeeQais‘
. The X of the beom may éometimes decay into three charged pions (n~n—n+ .
Hence, three-prong events shbuld be noted and "T-decay" written ih the
"Comments" column; These‘Tﬁdecays will have two negative tracks and one

positive (which connot be a proton),

9%, One-prong Events

In genéral, one~prong events wiil be K decays in flight, As the bias
due to undetectable small angles decoys is large, there is no point in
recording them, an effort, however, must be made by looking at the kink-point
to verify that there is no short recoil, hence that the event is not a small

angle elastic scatter, .
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10. Identification ond Lobelling of Proton Tracks

i
If o positive track stops in the chamber and does not emit o decay

Hy

partiéle, thon it must be a proton. Such a track is given a specinl label

which is intervreted in the progrom as a proton.

- If o track is stopping and curved, the end point is called T, G or H.

- non " " gtraight, the end point is called W or H,

~ If a secondary scatters and gives a ‘zero ronge proton, the poipﬁ is called 7,
Furfher mass assigmmeﬁts by labelling mey often be performed succeséfully,

but are licble to be sufficiently frequently in error, thot they should not,

be used for the present,

11, Visunl Ionisotion Estimotion

An attempt is made for each event which will be measured to estimate the
density of bubbles on the tracks, This ig on overall estimnte and contains
mass, momentum, dip angle ond choice of comera, Here we choose camerc ONE,
Corrections for dip and choice of comera will be made by -the progrom, Hence
we writc down the bubble density thot we sce.

We only write down ionisation estimntes for those tracks where it will

be useful, This meons we only write down ionisation estimates for the tracks

having the interaction vertex of two and four prong evonte whether or not
there are VO+‘ . (The reasoning ia as follows: when there are 2:2‘VO+~, we
will have to look later at the event plus GRIND output on the scanning table
anyway to decide the hypothesis, Since charged V's are only token if there

arc at least 2 V's, we do not need to note the ionisation of the decay track,

Tor VO's, kinematic fitting normelly ~llows one to decide whether the V° is
a A° or & KO, but when the v° gives a it to both A° and KO, then the tracks
from the V° are of such high momentum that it will be necessary to study the
event plus GRIND output later. Also sccendery scoatters are not written down
since ‘they give 3 or 4 congtraint fits in GRIND),

For each track, we usc.an "ionisation number" for the ionisation éstimate

defined as below,
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i Visual estimate times minimum : Tonisation number :
: ~ 1 (minimum) : 1 :
: 7~ 1.5 i 5 i
PN 3
: 24 : 4 s
i coertein pion e.g. m ~ W - € decay i 6 :
$ NOT SURE COR PORGO”“TW : 0 :

i

ot e s e i . N TN

)

inimun, An estimate of two times minimum

Beam tracks should be teoken
may be obtained by looking ot two overlapping beom trocks, In estimating
ionisation, it is better to look for the frequency of long gupov(rgther4than.
trying to count individually bubbles).

The order of writing down the ionisation is importont. The ordering
is done ClOOkWTSe on comerc one, that is, ig done in the order in which one
would me*sure on IL,LP

In estimating ionisation onc cannot be sure, but onc mokes one's best -
estimate., The category "not sure", number zero, should be very very rarely

used, : .

12. Secondary, Interactions

If a track molres a secondary intercction then one must decide whether
the track length before this interaction is long enough to allow & good
measurement — this we decide by measuring whether or not the sagitta is
greater thon 2 mm. The mensurement mey be mode using the two parallel lines
spaced 2 mm apart. IT the sogitte is greater thon 2 mm, we ignore the secon-
dery interaction. The IJP operator ie informed by writing the name of the:
track and the letter 'C! for cut e.g. 'A3C! in the "on-line Comments" column,

If the sagitta is less thon 2 mm, then some information con sometimes
be goined by meacsuring the secondary interaction, but it has been found that,
in generol, only informetion from two~prong secondaries which are elastic
scatters is useful, Hence if the secondary is o two~prong it is mecsured
and one writes the trock nome and the letter !'S5! for the intercction point SS
in the "on ~line Comments" colwmn e,g, 'A3S! , If the secondory interaction

is a two prong event which is clearly inelastic (both tracks on same 31de),
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it should not be measured, If the secondory intercction is anything other
than a two~prong, (and the sagitte 2 mm) then the event should be rejected

by writing 'R' in the reject column ond 'Sec,Int,! in the "Comments" column,

13, Rejection of Events

Ao

Since we scan twice, it is importont for the comparison of scons that
we write that an event is rejected ond coxplein why. Thus if a beam track
is very obviously non-beam, we write nothing, but if it is only Just non-
beam from curvature or angle, then it ig betbter to write the frame number
and topology nnd to write 'R! in the reject column ond "non-~beam™ in the

"Comments" column,

14, Topology
The topology of an event is defined ag a 3 figure number, the First

"

figure is the number of prongs (trac“s), the second the number of chhrged
o . . 0
Vs and the third is the numbor of V' 'g to be measured, For example, a

2-prong + 7oy is 211, o 4-prong + Vo/ep is 401.

15, Grid

I

To assist the on=linc IEP'g, & grid, based moinly on the fiducinl marks,
is marked on the scenning table, The position of the apex of the interaction
on the grid is written on the sconning sheet, It need not be too exact -

a small error (ono place) will not be controlled in the comparison of scons,

16, On-Line Comments

These are essentinlly instructions to the IEP operator ond each instruction
-consists of 3 symbols -~ 2 to define the track and one for the instructions,
These cre F or G; W or X; and Z for curved, sfréight ond zero range proton
tracks, S, T or U for secondery two prong to be measured, C for a track to
be cut ~ because of a secondory intercction, m - p'~ e decry or sometimes
for energy loseg, though in generél'the'IEP operators are asked to cut the
track if the sogitte is greater than é cm, Thus instructions might be 'AZF!

TAACT tAZS' 132Z' 'A2Q', The lcbel for a charged V decay is P,iQ or R.
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 V_
In this column, divided into blocks of 4 COlUNﬁ 8, one writes the chorge
of V uﬁd then the ¥pprOX1mute d1 cnee in enm of the V from the apex, 6.g.

for V v° V7 event one might wrlte +5 b b, 30 b b, =15 b (where 'b! stonds

T blonk colummn),

Charged V. or Scatter without Re 0011

Ource often a seCﬁldLvy mokes on elostic ﬂcbuter _ﬂ.which the recoil
préfon has o momentum of less then 50 MQV/C S0 h&c the proton ronge is less
than one bubble diametef. Such on event is often cullod a charged V, This
hoppens particularly often with low energy pion tracks when one con sometimes
say from the bubble donsity that the trock is a pion and not o K or I,
However, if the tronsverse momentum of decoy worticle is large, (wppr eciably
greacter thon 50 MeV/c) or it the chenge in bubble dengity is notlceable,
then the eventtshould be considered os o chorged Ve If however it could be
o scatter with o zero ronge proton,‘%h@n it ghould be so measured - for

example, one might write in the "On-line corments" column 'A3S8 S3Z!,

Neutral Stors .

If o ncutral star, 3-prong, S-prong etv., which ﬁl oht core from on lnf@r—

‘uctlon is noticed, it should be recorded in the "Corments" column as NB,,N5_ctc;

ZerovProng_and~Elastic Scatters.

From the results of the first 10 GeV/o K cxperiment, there is a suspicion
that the scanmning cfficiency for zero prong and for small unglo olastlc scattors.
We do not scan dircctly for zero prong cvents — we scan for zZero prong -+ V
ovonts_and then calculauo the nunber of zero prong events with no v° observed,
Hence the best way to scen, is td Took for V° events and then, having found
one, to try and see if there is a zero prong from.which it could have come
(note therc ezwsts a bbckgroand of zero prong events which are not associated
with an 1ntoructlon point in the vis 101@ region of the chamber - they may,
for 1nstance, come from,an 1nterﬁotﬂon in the steel wall of the bubble chamber).

To detnct small ﬁnglo elgstlc wchtters, it is necessary to look along the

beam urac1s at a mlgﬂc1ng ﬂﬂgle to the table,
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21, Prints — Sketches

_If an event is exceptionally difficult (e.g.,Dalité ?éiféjmanéwééﬁnw

ask for a print to be made to help the IEP operator, and one writes tpt

in the "Comments" column, As the making of prints requires transferring
the film to another scanning table, it is qften simpler to moke a sketch
in the book beside the scanning table and these sketches will then bé given

to the IEP operator.

22, Lobels

Primary interaction point A, B, C, D, E

Beam particle (second label) 1

Decay vertex of a v° ) M, N, O, L

Decay vertex of a Vi - P, Q, R,

Stopping point B, G, H, W

Secondary interaction point | S, T, U,

Zero 1¢ngth track Z

o3, Deciding between Vo and Gamma

g Angle betwecen Tracks g Momentun of Tracks g Ion': of Lower g g
é View 1. % View 4 é Lower % Higher - é‘ Hors® Track g 3901Slon g
e o SR , : fmem s
P oo oo leromev/e P - b Py
Poo P £ 100 MeV/c .. o P
0 0 §>1oo MeV/c §<1 Ge'v/c§ - ¢
§ 0 § 0 §:>1oo MeV/c §;>1 GoV/c § - § vo/e §

°
S

oo
>

Py

24, General Procedure

We scan views 1 and 4 and a scan cord is punched repeating the information
on the scanning sheet - since the punching is often done by the punching pool
who are not familiar with scanning, it is important that the writing sheet be
clear .and unambiguous e,g, Vo must be written VO, A second scen on views i and 3
is made and a second scan card is punched, From these two sets of ‘gcan ‘cards,

three lists are prepared.
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(l) Comparison of Scans

The computér compares the firet and second scans and if for on event
therc is o significant difference, the two cards are pointed out on the
"Comparison List", If the event has been found on one scon ond not on the
other, this is also pointed out, The Tilm is then put on the sconning
table for o third time and those events wherc there was a gignificont
difference are then checked and a decision as to the correct solution is
made,

At the same time as the computer produces the comparison list, it
also produces o combined scan card for each event (where there is a signi=~
ficant difference, two combined scon cards are produced).After the comparison
of scaons has been mode, a correct combined scon card is produced ond the
two provisional cords are' thrown away,

For on event to be looked at in the Comparison of Scans, it rmust be
significantly different in the two scons, For ionisation estimote, one
requires o difference of two steps, e.g. 2 ig different from 1, 3 is different
fron 1.5, 4 is different from 2 but 1,5 is not different from 1, 2 is not
different from 1,5 ete, But the combination of 1211 is different from 1121 - °
wheretwo trocks have probably been interchanged, perhops becouse view 3 or
4 were used instead of viéw 1 in the re—~scan, In the grid positions, one aliows
a tolerance of one unit, e.g, B3 is not different from AJ, C2 is not different
from B2, but B2 is different from B4, O3 is different from E3 and B3 is
different from C4,

This'combined“soan card differs from the normal scon card in three respects
(a) it indicates whether the evént was found in the first scan only, the
second scan only or both, (b) the initials of the person moking cach scan is

given (probably uging a code), (c) the ionisotion estimote is o combined number,

1121 1121 11211121 1,1,2,1

11 15 1115 1,1.25

13 : 14 1314 1,3.5

1321 1455 13211455 . 1,3.5,1.75,1425

1

The ionisation estimates are combined ond the average value is given to GRIID
(as shown in 4th columm abqve) where it is used as o guide to the checking of
hypotheses.
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(2) Measurement List
From the combined scon cards, a measurement list is made out where

the necessary information is given to the IEP operator, The IEP operator is
o £

also asked to type out the combined ionisation estimate(reduced to a

GRIND,

(3) Event IList

F'rom the combined scon cards, & list of the events to be measured is
made. This list contains the "on-line comments", "Comments",ionisation and
scanning efficicncy information, It is uged in two ways, Firstly to control
the number of IEP measurenents, Secondly to help in the deciding on the
correct GRIND hypothesis and it is also used to record the decision, This

decigion is then used to sclect the correct SLICE card,

D,R.0., Morrison
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