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1. - INTRODUCTION.

We have performed a preliminary study in order to investigate on the real possibility to get
up 2 tagging detector at LEP,

Actially some preliminary work has been done on this subject(1‘5). Ag far as the two dif
ferent "ingertions" of the storage ring are concerned, the long insertiof (the lower luminosity) is
more suitable for the two photons physics stiudies(6), Indeed there is noproblemfor a good efficien
cy tagging device in front to the quadrupole Q1, reachihg & mirimum electron angle as small as
~- 10 mrad, On the contrary in the short insertion (t 5 m) the minibuim electron adgle is at least
doubled. However in the short insertion case one can think of a tagging device placed between the
quadrupole @11 and Q12 and exploring the electron angular region from 1-4 mrad to » 25 mrad,

We have investigated the tagging possibility for the short irsertion case thinking of two de
vices: in front (and possibly around) and behind the quadrupole Q11.

Three different cases for the quadrupole Qi1 (see the particular in Fig. 6) have been congi-
dered : the standard h%perbolic quadrupole, the Panofsky quadrupole with rectangular aperture arid
current shaped fiela(3) and the "slim" superconducting quadr‘upole('?\ with the field shapéd by coils
located arourid 4 circular aperture. The outer transverse dimensiors of the "slim" quadrupole are
about twice ag small as those of the standard quadrupole, while the lerigth and the maghetic para-
meters are identical,

9. - TAGGING IN FRONT TO THE QUADRUPOLE Q11.

An ideal tagging device in front to the quadtrupole Q11 could cover an electron minimum ans«
gle O,4ip of 12 mrad, but it has been evaluated 3) that, if one takes ifi-account the detector gize,
the counter edges, the shielding and §o on, 22 mrad are more realigtic.

The single tagging efficienicy can be defined as the ratio between the flux of the tagging élec
tron of energy Xe (in beam energy unit) emitted between the angles Opyin 2nd Ouyayx and the totdl
flux emitted in the whole angular range 0 - o,

(%) - Istituto Nazionale di Figica Nucleare, Sezione di Pisa,



The electron flux emitted between the angles Opyip and B4 according to the "Equivalent
Photon Approximation" can be written:

o A
; 0. (1+X2) (1=X ) +X=0 ;

N&Xes Omins Oppay) = 7 %{ o) (1+XZ) In gmdx T “—1n - max (1)

- min (1—Xe) +x_ 0

e min
and the total flux:
2 . 2
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(X ) = "7‘{*:‘5:) ’(1+XC-§) (11’1 ;{; - 5”-) + 5 (11’1 1-Xe + 1) + 5 1n 1+Xe (2)

where E ig the beam energy and mg the election mass.

The ratio of the expressions (1) and (2) integrated in the electron energy X, from zero to
Xamax. represents the efficiency ey (X ] 1] of the single tagging device for the eléc
tron energies Up to Xepygys

emax® “min? max)
Since the leadirig term of the expression (1) is 1n(8ay/Omiy) ahd that of the expression (2)

is lu(B/mg), a rough evaluation of the tag-

ging efficiency 18!
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The two curves shown in Fig, 1 labelled \\ Ax_
(22110 mrad) and (22-55 mrad) refer to a , —Cmy
tagging placed-in front to and not exceéedirig 20+ ;
the guadrupoleé cross gection if the cdse of
the gtandsard and "slim" quadrupole respeéc
tively, the third curve labeled (22-300 mrad)
viefers to a tagging in front to the quadrupo-
lé and eventually around the quadriupole rea
ching a maxirmum electroft-angle of 300 mrad. 1._22-110mrad
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FIG, 1 - Integrated sirgle tagging efficiency

of the front quadrupole tagging versus the ma
ximim integration limit.
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3. . TAGGING BEHIND THE QUADRUPOLE Q11.

We have studied this cise considering the trajectories of electrons emitted from the cros-
sing point at the energy X, with a polar and azimuthal arigles @ and P of emission and running
tnrough the optical components of the machine close to the experimental intersection region (see
Fig. 2a).
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FIG, 2 - 4) Outline of the half environmernt of the short ingertion! b) Intersection patterns
of the electron trajectories at fixed energy and polar angle and for all values of the azimu«
thal angle on the eross planes placed in the positions "A" and "B"; vigible evidence of both
detectable and undetectable trajectories is given,

In our investigation we don't think of any particular detector, but only we congider ay "detec
table" any electron which reaches the end of the quadriipole Q11 having not hit thick material and
crosses the pipe along a range of 9.5 meters far from the quadrupole end, up to a minimum distan
ce of 9 cm from the circulating beam accounting for the pipe size and the detector edge. -

In the Fig. 2b the pattern of the crossing points of a family of trajectories at fixed X, and
0 values and for all values of f with a transversal plane placed in the positions A arid B are shown,
So we cah say what fraction of trajectories can satisfy the condition of "to be detectable".

This fraction (in percent) is given in Fig. 3 versus the angle #§ for four values of the élec-
tron energy in the standard quadrupole case, At threshold the fraction of the "detectable" trajec~
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FIG. 3 - Detected trajectories fraction distribution versus the electron polay anpgle @nd
for various electron energies for the standard quadrupole case,



tories is high, but it falls quickly as the angle 0 increases, because the radial componént is wag-

hed away very goon by the defocusing action of the quadrupole,

The maximum value, where the fraction vahishes, corresponds to the condition when: all

trajectories hit the poles ; this condition is, of course, energy depéendent,

I the Fig, 4 curves are shown for the Panofsky quddrupole, where we have ednsidered a

rectangular gap séction 80x 186 em?,
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FIG. 4 - Detected trajectories fraction distribution versus the electron polar angle and
for. various eléctron energies for the Panofsky quadrupole case.

The rarige of 8 where the fraction is
norzers is larger than the standard dquadis 254
pole caseé, Moreover the trajéctories frac-
tion is somewhat higher and falls slowly ow
ing to the gap ig wiuch larger than the pre-
vicus one in the radial direction.
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in the Fig. 5 the minimum and maxi 20.
mum angle of the § range ate shown versus
the electron energy Xe ; the minimum carve
is obviougly cotnmon to the considered ca-
ses ; on the contrary the 04y curves look
differetit becalige are ¢trongly gap depen- -
dent, At low energy the clirve Omgzx of the
standard quadrupole is higher than the cor
responding curve of the Panofsky quadrupo
le because in that enérgy region the trajec
tories oscillate in the vertical direction
{quadrupole foeuding action) and the stan- 0.
dard quadrupole having a larger vertical
gap gets a larger acceptance, Besides we
note that in the standard quadrupole case,
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at high electron energy, trajectories with azimuthal @ angle hear 0 and & are detected ; however
a separate region exists, where trajectories with azimuthal angle very close to #/2 and 3/29 can
be detected too, only if the polar angle @ is as large as ~ 20 mrad for escaping pipe requirement,

in order to get the tagging efficiency we need to do some considerations. The nonleading
term of the expression (1) is at least two order of magnitude smaller tHan the leading term up to
the value Xg=0.9; form 0.9 to 0.98 the nonleading term is not larger than 20%, taking in account
that behind the quadrupole 2 €0 <20 mrad, so in that approximation we write the ratio:

£ = 1Irl(gma’tx/ Omin) = ln(gmax/ Omi:n) (3)
st (+x )2 ax (14x )% ox F(X,, E)
B i e e e’ e €
In--37 5o (In g T 5 10
e 2(1+X,) e 2(1+X€;) e

This ratio might express the right efficiency if all elettrons emitted between 0., and 04,,, We-
re effectively detected, But this is not our case because only a fraction are detected depending on
Kes 0 and . So in order to evaluate the right efficiency we cah operate in the following way: for
a fixed electron energy we can divide the angular range 0.:.%0,,5, in N parts, i.e. we can Wi~

te

o . 0 0, .. . B, .- N 9,

I BBX L max 2 . N-2 "N-.1 J . i=1
; ,

(4)

min

where 0,4, % 8y and 6,5, = 0. So the expression (3) can be written in the form:

N 25, %
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We remark that by the Panofsky quadrupole one gets a factor of two in respect to the stan-
dard quadrupolé,

At last we give in Table I the integrated values of the efficiencies, i.e. :

0.95 TABLE 1
/0 NG e (%) _
. N Quadrupole Weighted efficiency (%)
,/0 1 dXeN(Xe) Panofsky 10
’ Standard 5.5
wieighted ond the electron energy spectrum in Slim B 1.8

the range 0.140.95,

4, - REAL ELECTRON BEAM EFFECT ON THE TAGGING EFFICIENCY.

So far we have performed our analysis on the efficiency and the angular acceptance of &
tagging system in the hypothesig of ah ideal electron beam circulating on the synchironous particle
orbit with 4 zero emittance,

The aiin of this section is to evaluate the effect of a resl electron beam on the tagging effis
ciéncy.

For this purpose we report in Table II the gi’ven(g) radial and verticdl standaird deviations
for both spacial and angular spread of the LEP beam in the short inhsertion cross point, due both
to the beam emittance and to the systematic errors indiced by sore pogsible misalignments of the
optical components of the machine,

TABLE I
LEP béam spatial stid angular standard déviationsg in the ghort ingsertion crogs point.
Erfors Coordinate (i) Arngle (mrad)
vertical radial vettical radial
Systematic 0.2 0.6 2, 0. 38
Statistic 0. 02 0. 32 0.2 . 0.2

In view of the effect wé are searching for, the exdmination of the Table II shows that the
most important parameter is the angular spread, because it implies both a variation of the trajec
tory derivative ahd a gpatial digplacement at the guadrupole Q11 input,

Moreover the spatial spread is of the order of 4 fraction of millimeter; on the contrary
the angular spread produces at the guadrupols input & displacement of a few millimetei's,

For this redson we think that it ig better at firat to look at the angular gpread effect,

We dlgo skip the trivial case of the tagging in front to the quadrupole Q11 and we focalize
our interest on the tagging behind the quadrupole.

Following this trend we have considered an electron beam at a fixed enérgy and emitted
from a point-like source in the cross point and affected by a vertital or radiél angular deviation
ih respect to the optical axls of the rachiné; Thug we Have stidied the corresponding éffect on the
tagping efficiency it the rafige from 0.5 to. 2. mrad of the deviation angle a.

We have choosen the quadriipole Q11 4¢ thé Panoféky quadrupole, siree it turng out to get
the best efficiency. On the other hand, if necessdry, we don't find any difficulty to extend int the
next step our analydis to other types of quadrupoles,

Now if the electron beam suffers for & vertical or radial angular deviation ifi the cross
point, then the pattern of the trajectories family at various 0 values and for all values of § at the



input of the quadrupole Q11 lodk like those shown in Figs, 7a) and b) réspectively.
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FIG, 7 - Intergection patterns of a vertically (gide "a") and radially (gide "b"} deviated
electron bedim of an angle @ with a crossing plane at input of the quadrupole Q11.

Of course the deviation a introduces an asymmetry between the emitted trajectories and
the tagging system,

In fact for a fixed 0 value the nuriber u of the trajectories relative to the azimuthal angle
0 in the range 0 ~% st (see Fig. 7) will be different from the number w relative to the range
% ~>2s, Now if we indicate by u' and w' the amount of the detected trajectories, then the detec
ted trajectories fraction rules out to be: u'/u and w'/w.

In the Fig. 8 we show three digtributions of the detected trajectories fraction versus the
angle 0 for a fixed electron energy and correspondently for the followihg values of the vertieal
deviation angle ¢ of 0.5, 1 and 2 mrad.

In the Fig, 9 gimilar distributions are shown relative to a radial deviation of the slectron
beam,

In the Figs. 8 and 9 the curve relative to @ = 0 is shown for comparison, Letus now to
analyse the shape of this curve corresgponding to an ideal electron beam: it rises fast at thers-
hold up to a high value, which is got in plateau up to the value 9., where the curve decreases
with a well defined slope. That decrenient corresponds to logses of trajectories around the ra-
dial plane, At the value 0, the cutve chiariges more fastly his slope’; this point corresponds to
further losses of trajectories around the vertical plane, Now we can see in Figs. 8 and 9 how
the beam angular deviation produces a distorsion of the curve correspondently to hig agymmes
tric position: in Fig, 8 we observe that the value 0, doesn't change for the different curves,
since the beam is still radially symmetrie, but @y changes of the amount T a ; conversély in

Fig. 9 the value Oy changes of the amournt Yo, bt 0, doesn't change, how should be, because
the beam is vertically symmetric,

As far as the threshold and the rising behaviour are concerned, they look différent in the
radidl and vertical deviation cases; however we rémark that those behaviours can be predictéd
aralytically,

We have performed these calculations and we lave found a perfect agreement with the
results of the computing program.,



-8 -

*o7odnapenb Lysyoueg Ui ST poJapis

Tioo 11® @rodnapenb oyl ‘pPedw g Pue T "GP JO » UOBIASD JET
TSue ue 0] J9Jod SUOTINYIIISIP (O pue (4 “{(e g 0="x £8asus 30
wreeq U0130oTe Pajeraop AI[eIped € jo ofue Jderod UOIIOITS U3

SnsJoA SUOTINQIIISTP UOTIORJIY S91I0308(ea] pRIdeled -~ 6 "DIA

{perw}yp
0T st ‘Ol g

T 1 i . L i

fo \ S
—_— peswg =&
I 4,
£ ="X
0z {posw)} 8 -oL -
1 1 L - _ T _
' |
] | e
3
il
1
I \ it
]
i .
" 1
R RN
NN\ s
\ \ :

.mHomdemn@ A¥sjourd oy} ST paJopIs

Too 11 o[odnipenb aY] “Pedw g pue 1 “G°0 J0 P UoTIRIASP d€]
-nSue uve 0} J9J8d SUOIINGLIISIP (O Pue (q (e g 0="x £8asus JO
Weoq UOII0[O pajetasp LI[e0TIISA € 3O 218ue aelod 101091 AU}
snsieA SUOTINLIISIP UOIORIJ So110300[ea) P3ddled - 8 "Dl

(pesu) &

[o
Lae

PRI T =D

RS

{pesw)

i
H
o
/1
/

-3

‘peIw L S0

£°2°%

-2

pRIMGEY

e b




In Fig. 10 we report the tagging effec
tive efficiencies for the evaluated angular de
viations ; calctilations have been performed
how previously described for the ideal case,
however the distributions u'/u and w'/w ha
ve been averaged with the corresponding
weights u/(u+w) and w/{u+w).

Apart the low energy region, where
the photon-photon cross section is considera
bly small, the vertical deviation of the elec-
tron beam doesn't seem to produce any rele-
vant effect, So the resgult of this analysis lead
us to affirm that both spatial and angular
spread of the electron beam, as given in Ta-
ble II, doesn't generate any important change

on the tagging efficiency of the short insertion.

FIG, 10 - Effective tagging efficiency di-
stribution versus the electron energy of
a'tagging device placed behind the Panof-
sky quadrupole for 0, 0.5, 1 and 2 mrad
vertical angulatr deviations of the électron
beam.

5. - CONCLUSIONS.

EFFECTIVE TAGGING LFFICIENCY

DEVIATION

EFFECT IN

; }
THE PANOFSKY QUADRUPOLE CASE

Vertical angular daviation

® a= 0 mrad

4 ?ﬁ‘)\ o X z.5  »
KA -k\\\ & =1 »
;i“i’s\ o= 20 »
o
u.h\
'i}{%
\§k°
G\Z°
w\ﬂ
a=2,
*
M T T T T T
2 K3 .6 8 1.
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Our resulis obtaitied using the machine data given in the LEP -Note-121 at the beam énér-
gy of 80 GeV are summarized in Table 111 for the considered tagging devices in front, around and

behind the quadrupole Q11,

In Table IIT the different cases in usidg the standard, the Panofsky and the "slim" quadiu=
pole are considered, All efficiencies refer to the whole electron energy spectrum up to the value

X = 0.95.
TABLE IiI
‘ , covered angles | efficiency
Quadrupole Tagging system (mrad) (%)
_ behind the quadrupole 244 - 10 5.5
standard in front to the quadrupole 22 ~ 110 11
quadrupole in front and daround the quadr, 22 -~ 300 17
Panofsk behind the quadrupole 2:4 - 22 10
Y P
quadrupole in front to the quadrtipole 22 - 55 7.5
"Slim"
quadrupole behind the quadrupole 244 - 9 1.8
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In Table IV total efficiency and the corresponding covered electron angles are reported for
the different quadrupoles. We want to point out that only in the Panofsky quadrupole case the whole
electron angular range from 2.4 mrad to 300 mrad is completely covered,

_TABLE 1V
Quadrupole covered angles {mrad) total efficiency (%) 1¢ Xe < ‘q'g"
Standard 2:4 - 10/ 22 - 300 5.5+17 =22.5
Panofsky 2¢4 - 300 10 +17 = 27
nglim " 234 - 9/ 22 - 300 1.8+17 =18.,8

Effects of the real electron beam have been considered on the efficiency of the tagging de«
vice behind the quadrupolé Q11; angular electron beam deviations have been stadied up to 2'mrad
and no significant deviation fromi the ideal case has been found, We think that the result on the an
gular deviation covers widely all pogsible combinations of the electron beam spread for X2 0.3,
So we coriclude that ofie can expect no relevant deviations of the tapging efficiencies from the re-
sults given in Tables III and 1V,
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