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1. - INTRODUCTION,

The present note is devoted to study the two photon mass sensitivity one can obtain at LEP

short ingertion,

The investigation of that important point of the two photon physics studies has been performed
using results we have already obtained in our work(1) on the angular acceptances and efficiencies

of a tagging system at LEP short insertion,

Now we look at the two photon production of a system X in the process:

ete —w ete~X

(see the corresponding Feynman graph in the Fig. 1a).
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FIG. 1 - a) Feynman graph of the system X
creation through two photon channel ;

b) Sketch of the optical component of the
LEP machine on the short insertion side.
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For a fixed mass My and velocity By of the system X, the energies Xy of two colliding photons
and therefore the two corresponding electron energies xg are also fixed.

Two parameters are left free: the two transverse fourmomenta q2, which are tied at the recoil
electron angle 8o by the kinematical relation (holding for very small angles):

2 _ -2 |_ . 2]
%% ° Fpeaml 9 /X - e’xy/xe)

where m, is the electron mass.

So in evaluatlng the production yield of the system X one has to perform an integration on the
fourmomenta q and the result depends on the electron angles accepted by the tagging system.

However in the present study we exclude the large q cases (deep inelastic region) and we 1i-
mit ourselves to the two "quasi real photon" collision, that allows to us to work in the Equivalent
Photon Approximation frame.

So in spite to a large yield one expect at low qz, since the cross section depends on the photon
propagator factors 1/q“, one can observe that the low g® values correspondto very gmall electron
angles just in the region where the recoil electron efficiency is suppressed.

That shows that it is necessary to know the angular acceptances and the efficiencies of-a tagg-
ing system in order to evaluate the two photon mass sensitivity.

At this end in the Section 2 we have completed the work done in the ref. (1) extending our re-
sults on the electron energy region very close to 1 (from 0.9 to 0.999 times the electron beam ener
gy).

By those results we are able to give in the Section 3 some knowledge on the two photon mass
sensitivity at LEP beam energy of 80 GeV relatively to-a double-arm tagging system.

Also in this note we maintain three possible choices in using different solutions for the low-8
quadrupole : the Panofsky quadrupole, the LEP machine standard quadrupole.and the "slim" qua-
drupole (see for description the ref, (1)),

In fact the experimental performance relative to these possible solutions are quite different.

So for comparison we have thought of doing an useful thing showing in the Section 4 the geome
try of detected electron fluxes behind the low-§ quadrupole, in order-to give a guess of the tagging
detector shape and where and how the sensible tagging parts may be located.

2. - TAGGING EFFICIENCY FOR ELECTRON ENERGIES VERY CLOSE TO BEAM ENERGY.

Suppose to have two identical tagging detector arms set up on both side of the short insertion.
We are interested to study the two photon mass sensitivity of the double tagging system in a large
range of masses. For doing that we need to know correspondently the angular acceptances and the
efficiencies in a large range Of the recoil electron energy too.

We have already performed that study in the ref, (1) up to the electron energy X, = 0.9 with
good accuracy and up to 0,98 with an indetermination of the order of 20%.

However the increasing behaviour in energy of the term we had neglected didn't allow to us to
reach a larger electron energy. For that reason in this section we study the angular acceptances
and the efficiencies for electron energies very cloge to 1, i,e. in the range from 0.9 to 0,999.

Now we consider the expression of the electron flux emitted in the polar angular range from
Omin O Omax:
N Y 2 -
Omax  (1+xg)? (1"X ) X gm'tx
Nix ,0 . ,0 ) = — n (1)
e’ "min’ “max’ w@(l-x_) e 0 . 4 2
e’ | min (1+x ) +x 0 :
- e " min .




as we have noted above the non leading term increases with the electron energy; however we can re
write the expression (1) in the following form:

5+ MON- LEAD S FETD = e -
OF THE EX N(Xe’ 'min’ max) :n:(l—xe)
| (2)
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-ax
) ) » 7 1n T 4+ — In 0 (1—X )
1% e o= Yrarad ( ) +x min
< maxz10mrad 0 e
max

G

(o]
I

max ( 2

where the present non leading term —;—111 )

1-x )
e
min
\ now decreases with the electron energy, as one can
\ gsee in Fig., 2, where the ratio of the non leading term
16% over the leading term is shown versus the electron
energy.

The expression (2) neglecting the non leading
term can be used with good.aceuracy starting from
3 x,=0.9 and it is so much accurated as much thé e-
lectron energy increases,
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the polar angular range from 4 to 10 mrad,

The single tagging efficiency can be expressed in this way:

1-x 1-x
e 2 e.2
(14 )? (o )HE ()%
B 1n 210 (3
5 -
(O—-E) +x (O_E)2+
¢ - max _ max
ST N
. 1 (1~xe)2 2xe (1+><:e)2 er F(E, xg)
1+x Mln— - =) +
( Xe)( n - 2) 5 (In :l"xe +1)+ 5 In 1+x6

We now repeat the same alread used method: we divide the range Op,in # Omax in N parts, putting
Omin = 01 and Opgx = Oy, We can write:

1-x 1-x
e, 2 e 2
( o ) X N (_(3:) T X,
1n 2 — = 3 In —_———
1-x. 9 i=2 1-x, 9
(" +x, (=) +x,
max i
and therefore N
= 4
st~ 2 & (4)
i=2



where ( e .2

F(E, x.)

The expression (4) should be right if all recoil electrons etnitted with the polar angle 8 were
effectively detected, but we know that this is not the case for the tagging device behind the low-§
quadrupole, ‘where only a fraction f depending on x,, 9, and pe can be detected,

Thus, if f is the detected electron fraction, which is practically constant in the polar angular
range 05 1< Oi, the effective tagging efficiency can be expressed by the formula:
N
SST = .Z 8]'_ fl (5)
i=2
We show in Fig. 3 the detected trajectories fraction versus the electron angle 8, changes ve
ry little for the extreme values of the considered electron energy range; and correspondently in

Fig. 4 how the angular acceptances result practically constant in all three cases of low=g quadru
pole. .

We note. that in the standard quadrupole case a "bag" of non zero efficiency appears around
8a~20" mrad that is ‘due to" electr'ons emlt‘cewd arourd the vertical:plane, where ahole ig created,
it g limited vertically by the converging. poles and hor"lzontally by the triggerthreshold and the
14 -cm limit of the quadrupole gap.

In Fig. 5 the obtained results of the effective tagging efficiency are shown according to the ex
pression (5); in the figure the éfficiency curves of the ref. (1) are also presented. These are in ve
ry good agreement with the present calculation in the over lapping range 0.9.+0.96 of xg.

We have stopped our calculation at electron energy x,=0.999, but of course this method can
be used for energies near to 1 so much as one wants.

In Fig. 6 the tagging efficiencies as in Fig, 5 are reported in.the whole x, range from 0.1 to
0.999 and the efficiency of the tagging detector in front to the low-f quadrupole is added cover-
ing a polar range from 22 mrad to 300 mrad.

3, - TWO PHOTON MASS SENSITIVITY.

Now we are able to study the two photon mass sensitivity of four tagging system,

The number d5N of masses in the range My $ M, +dM, one can produce by two colliding quagi
real pho’co.ns in the energy range Xy £ Xy +clx),1 and Ky ¢ b xyz +dxpe respectively can be written in
the following way:

3

) 2 2 2
d"N = Pl(x},l)dx

-t Pz(x},z) dX}'z 6‘(Mx - 4E1beamx)’1 Xyz) dl\/[X (6)

where P.(xy) (i=1,2) represents the probability to have a colliding tagged photon of energy x4,
and it can be defined as:

/dp /dg N, (x,0,,0,) e (x,0,.0)

P.(x,.) = (7)
177 /d¢e fdge N, (xe, 0, y)e)

where & (xe, Oe=¢ is the efficiency to get a recoil electron of energy X, and polar and azimuthal
angle 0, and y) respec,tively, and N},(Xe, Ele,.jbe;) is the photon flux expressed by the corresponding
recoil electron parameters.
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We consider our tagging system consisting of two identical arms at both ends of the short inser
tion (see Fig. 1b).

Each arm is equipped by a tagging detector in front to the low-~f quadrupole, we indicate by the
symbol IFQPT, covering a polar range from 22 mrad to 300 mrad and the full azimuthal range,
and-a tagging detector located behind the low-p quadrupole, we indicate by the symbol BQXXT
(where XX replaces PN,. 8T or SL in the case that the low-B quadrupole is the Panofsky, the stan
dard or the "slim" quadrupole respectively).

Now for the IFQPT detector the efficiency is defined as it follows :

e {x ,0) =1 if 0 .~<Oe<0m

e e [ min ax

e (x ,8:) =0 if 6 <0 . or e >0
e’ e e e min e max

for all azimuthal angles.
Then the expression (7) becomes ;

N (x,0 1] )

) = e e "min’ max

N =x,0 . 50,0 =) (8)
H min max

where the quantities at numerator and denominator of the ratio in (8) represent the electron flux
emitted in the polar range O.,:, *9may. So Pi(xy) is the IFQPT detector efficiency we call SEi(x},).
For the BQXXT detector the expression (7) coincides with the single tagging - efficiency of the ex-
pression (5):
N
> = . g
Pi“x}'i) .,E &4 fi. (9)

i=2

where the integration on 0, and fle has been performed by ans a suitable sumination ; therefore
P;(xy;) represents the BQXXT detector efficiency we call sei(x,yi)_

Putting for brevity sake

F B
= e (x,,
Seil¥y) = Foilpy) T ei(Xyy)
the expression (6) can be rewritten, taking into account the kinematical relation: xei+ XTi =1:
d3N = g (l-x, )e (l-x )6('[\/[2 - 4:]3‘2 X, x,.)dx,, . dx sz (10)
el Y1 %e2' Y2 T beam” Y17 Y2 Y1727 x
Performing an inteégration on the Xyo variable we get:
' 2
o dx dM
AN = e (lex) e (1o Sy X (11)
el 7 e2 Xy X')/ 2
4Eb .
eam

where k = (Mx/zEbeam)z and by the symmetry between Xyq and Xyo it isn't necessary to keep yet
the index in x‘y . So'the quantity

k
I A A T (12)
2 B 2
dMX dx?, 4Ebeam Xy

represents. the number of collisions where a mass My is produced by two tagged photons.



Now since by the quantity

aM fa17 %o

we indicate the number of all collisions where a mass M, is produced, the detection efficiency
e(My, x},) to get a mass M, can be defined:

®N
dMidxy N
& (M, Xy) 5 = sel(l--xy) 862(1‘;:“ ) (13)
SO -\ S ’
am? dx fe1” Eag™ !
x 7

Results of the expression (13) are plotted from Fig. T to Fig. 13 for six values of the M, mass:
5, 10, 30, 60, 90 and 120 (JeV/c and for an electron beam energy of 80 GeV.

The Fig. 7 corresponds to the case where one uses only the IFQPT detector (& zl;é 0, B = 0)
and Figs. 8, 9 and 10 to the case where one uses only the BQXXT detector = 0, EB 74 O) while

i el
the Figs. 11, 12 and 13 shows results of both operating detectors 7‘ 0, SE? £ 0) in the three
choices of the low-8 quadrupole.

These results show that tha efficiency (Mg, x ) is a fallmg function of-the photon energy in the
lower masgs region and a constant one in the h]gher masgs region in the IFQPT detector case.

In the BQXXT detector cases the &(M,, x},) is less falling in the lower mass region and it is an
increasing function in the higher mass region.

However it is more significant to present these results through the efficiency to get a mass M
by whatever photon energy x, it is created ; in other words we define the two photon mass sensiti-
vity of four tagging system like an efficiency &¢(My), which can be expressed like that:

- 0.9 0.9 dx )
/ dxy(_d N / L e ) e (1 )
JVE dM_dx,, vk y ° Xy
0.9 JeN ) 0.5 dx, (14
/-—- dx)’( 2 ) g =g ;=1 e X
Vk dM_dx, ‘el ‘e2 vk Y

The results of mass sensitivity from the expression (14) are shown in Fig. 14 in the seven cases of
possible choices we have mentioned above.

In general the function e(MX) appears to be fast rising in the mass region below 10 GeV/ cz,
while after that value it rises rather smoothly.

The IFQPT detector behaviour is rather different in respect to that of the BQXXT detector; for
istance at 10 GGV/CZ the mass efficiency is the same for the IFQPT and BQPNT detector, however
for lower masses the BQPNT efficiency is larger thah that of the IFQPT and for higher masses it
happens just the contrary.

As far as the coupled use of both tagging detectors is concerned it seems that the choice of the
Panofsky quadrupole provides no more that about a factor of two in respect to the standard quadrupo
le case, The high cost of the Panofsky quadrupole gshould forbid such a choice.

The case of the "slim" quadrupole could be rather interesting, because in spite to a lower mass
sensitivity in respect to the standard quadrupole, that choice allows to set up a high class IFQPT de
tector using the recovered space around it.
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4. - SHAPE ASPECTS OF THE TAGGING DETECTCR BEHIND THE LOW -8 QUADRUPOLE,

In this section we want to give more diffuse details than those already given in the ref. (1) on
the angular acceptances one can reach by a tagging detector behind the low-f8 quadrupole.

In fact we think that it will be useful for a tagging detector design to know where the electron
fluxes of the accepted angular regions are located and how these fluxes depend on the kind of low -8
quadrupole one uses.

We show some regions in the plane of the polar angle 8o and the azimuthal angle }Oe, for a fi
xed electron energy, and relatively to the first quadrant in the angle f’e {the accepted regions in
the other quadrant are simply obtained by the symmetry property in respect to the quadrupolar
axes).

The points inside these regions have the proper Oas ]De and x, value so that the correspond-
ing electron is a "detectable" electron, i.e. it doesn't hit thick material and crosses the transver
se plane 2.5 meters far from-the low-8 quadrupole and at a distance from the circulating beam
larger than 9 em.,

We show how these accepted regions are modified at differert energies, in.fact we present
three regions corresponding at an electron energy of 0.3, 0.6 and 0.9 times the electron beam
energy.

In Figs. 15, 16 and 17 we report the acceptance regions corresponding respectively to the Pa
nofsky quadrupole, the standard quadrupele and the "slim" quadrupole cases.

It is interesting to investigate how these fluxes eorresponding to those reglons-are located be
hind the.quadrupole, in fact that is directly connectgd tothe geomsetry of the detector one may-set
up.

At this end we think that it is representative to give the "projection" of the accepted. angular
regions on the crossing planes located in the positions "A" and "B" of the Fig, 1b.

In the Figs, 18, 19 and 20 we give the projected regions corresponding to the Figs. 15, 16and
17 in the crossing plane located in the position "A" and in the Figs. 21, 22 and 23 the same projec
tions in the e¢rossing plane located in the position "B™",

We note that the electron fluxes coming from the first quadrant can hit possibly the crossing
plane located in "B" at negative vertical values, since the focal vertical length becomes shorter
ag the electron energy decreases.

As general remark we observe that the radial size of a possible detector depends strongly on
the kind of quadrupole one uses, and the vertical size is. connected to how small one puts the lower
limit .of the electron energy acceptance,

Inany case the detector appears to get a shape radially disposed,

REFERENCE.

(1) - R.Del Fabbro and G. P. Murtas, Tagging systems at LEP short insertion: angular acceptan-
ces and efficiencies, ECFA/LEP Working Group SSG/6/2/March 1979, Frascati report
LNF-79/23 (1979),
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PANOFSKY QUADRUPOLE
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FIG. 15 - Nonzero efficiency regions in the polar-azimuthal angle plane for three fixed values

of electron energy in the Panofsky quadrupole plane,
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FIG. 16 - Nonzero efficiency regions in the polar-azimuthal angle plane for three fixed valueg

of the electron energy in the standard quadrupole cese.
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FIG. 17 - Nonzero efficiency regions in the polar-azimuthal angle plane for three iixed values

of the electron energy in the "slim" quadrupole case.
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