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Abstract

Quasi-real Compton scattering, previously used in et e~ and e p
collisions for luminosity measurements and detector calibration at PEP
and HERA, is discussed for the energy range available at the construenda
¢-factory DAPNE. We show that the very high rate expected at DAPNE
makes this process particularly convenient for a continuous calibration
of the KLOE detector over the full angular range, directly from the data.

The use of overconstrainted quasi-real Compton ey events at e*e™ {1] and ep
colliders|2] was suggested in 1985 as means to perform luminosity measurement,
search for excited electrons and detector calibration. This method was indeed
successfully used for e*-searches at PEP {3}, PETRA[4], Tristan {5}, LEP1 [6]
and at HERA [7], as well as for calibration ard luminosity measurements at
PEP and at HERA [8]. In this note, we apply it to the calibration of the
detector KLOE [9], which will study CP violation in the kaon system at the
¢-factory DAPNE , under completion at Frascati. The KLOE detector covers
a large angular range, 1.e. 98% of the full solid angle, and the calibration of the
electromagnetic calorimeter is presently assigned to a momentum measurement
in the high precision tracking chamber. Our suggestion is for an additional
calibration method, to be used independently (from the performance) of the
tracking chamber. The very high rates expected through quasi-real Compton
scattering described below should also allow for a control of the efficiency of
the tracker and its rate of photon conversion, as well as a precise measurement
of the position of the detector relative to the beam.

Like ”Bremsstrahlung” and ”radiative Bhabha scattering at finite angle”,
the Compton process considered here is just a specific configuration of the re-
action ee — eewy, shown in Fig.1. Looking at both the diagrams with a photon
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exchange which contribute to this reaction !, one notices that the correspond-
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ing amplitude contains two propagators (—i%— ,qu 2 (resp. dq2_ szq - ).
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Clearly then, the dominant contribution to the cross-section stems from con-
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Figure 1: Feynman diagrams of ee — eevy with photon exchange

figurations where both ¢*, ¢*(¢"?) stay close to zero with the electrons and the
photon going practically straightforward (undetected by the central detector).
This configuration i1s the main contribution to the so-called ” Bremsstrahlung”
(or "small angle radiative Bhabha”) and it leads to a cross-section so large
that 1t could prevent the use of any tagging system at zero degree. Compu-
tation of the rate expected at DA®NE for the designed nominal luminosity,
5 x 10°% ¢m™* sec™!, was performed analytically using a no-recoil approxima-
tion [10] and through a Monte-Carlo by M. Greco and collaborators[11]. Both
studies conclude that the rate of electrons which have lost an energy larger
than 70 MeV will be of the order of 30 MhZ (~0.1 event per bunch crossing)

When one of the two ¢? is not close to zero, particles, deflected at a finite
angle, will be observed in the central detector . In this case, the cross-section
will be dominated by the other ¢* being close to zero, and two different kine-
matical configurations giving rise to still relatively significant counting rates,
will be observed:

1. ¢*(¢"*) — 0 with |¢*| >> |¢"%|,(|¢"*]), corresponding to the so called
”Radiative Bhabha scattering at finite angle” with both electrons de-
tected at finite angle and the radiated photon emitted along the incident
(outgoing) electron.

2. ¢* = 0 with |q”|(|¢"*]) >> |q¢?| which is what we call ”Quasi-real Comp-
ton” with an electron and a photon detected in the central region, the
other electron being scattered at zero degree.

It 1s the second of these configurations which we shall consider here. The
principal characteristics of quasi-real Compton scattering is the overconstrained

'Note that ete~ — ete~« also implies additional annihilation grahs.
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kinematics which defines the energy of the photon and of the observed electron
through the simultaneous measurement of their scattering angle in the Labo-

ratory frame. Thus an angular measurement from the data itself can lead to
cnergy calibration. To illustrate the method, we shall first sketch the relevant
kinematics and cross-section formulae. Then a discussion of the results shall
follow. _

For simplicity, we shall neglect here the beam-crossing angle of DAONE

(this can be easily introduced through a Monte Carlo) and shall consider the

ete™ system to be the Laboratory system for which we employ the following
notation:

p. and Ey are the momentum and energy of the incident electron, E., the
energy of the quasi-real photon and /s = 2F, the total incident energy;

E. ,Oc~, P are respectively the energy, polar and azimutal angles of
the outgoing electron and photon; Ay = ®. — ®, 1s the acoplanarity
angle between the electron and photon;

W,| £p: |, 5 and F,;; are the invariant mass, the transverse momentum,
the velocity and the visible energy of the obscrved ey system.

As ¢* tends to zero, the electron ”generating” the photon is scattered at
an angle close to zero degree and remains unseen. One thus observes only one

electron and the photon (i.e. (e*,~) or (e7,~)) with :
| Zpe [= 0, Ap =, B P

and the kinematics is overconstrained since one has:

, 7| W?= 4EE, =2E/E!(1— cos(O.+ 0,))
_ W — . — 1- ﬁ Evis — ED + E"y — E; + E!
E"r"" 4E0 “—Em.s EO*“E01+ B"I ‘5': Eo—"E SN @:+ (")7)

Fo +E, ~ sin©,+sin0O,

Let us note that the charge of the observed electron e* is correlated to
the observed acollinearity since 3 is obviously in the opposite direction of the
incident quasi-real photon (E, < Ep) and that the visible energy is larger than
the beam energy (E,; > Fo)

These relations follow by considering this as a Compton scattering, in which
a quasi-real photon generated by one beam undergoes a head-on collision with
an electron from the other beam. Therefore there are only three independent

parameters W /2, 8* and ¢* (energy, polar and azimuthal angles of the outgoing

electron in the ey system), while there are 6 measured quantities (E’, ©, ®). ..
Setting?,

Y =1/2In(s/W?)  the rapidity of the e-y system in the Lab.
y* = — In(tan(6*/2)) the rapidity of the outgoing e in the e — v system
Yey = — In(tan(O.,/2))  the rapidity of the outgoing e and v in the Lab.

29,,@7 are defined with respect to ﬁ which is determined from the acollinearity.
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and using ye, = Y £v*, Y = (v.+y,)/2 and y* = (ye —Y4)/2, one also derives:

W?/s = tan(©./2) tan(0,/2)
tan 0" = tan(0./2)/ tan(0,/2)
‘P*:(Dc (:W“q)’r)

The full kinematics of such events can be then obtained from the measure-
ment of the angles alone, which leads to 3 constraints over A®, Ej, E..

The result is that Compton events can be selected by looking at events with
2 and only 2 electromagnetic clusters (only one of which is associated with a
track of well defined charge e*), coplanar A® = =, and with | £p; |~ 0 and
F.is > Eo, with remaining kinematical constraints

2Fsin O,

sin ©, + sin O, + sin(O, + ©.,)
2F5sin O,

sin O, + sin ©,, +sin(60, + O,,)

E.(©c,0,) =

E;,(ec,@'y) =

Therefore, the measurement of both angles can be used to perform the
energy calibration of the electromagnetic calorimeter, to determine its exper-
imental resolution and to test the linearity of the response according to the
energy and to the nature of the particle (e or v). Those relations can also

be used to determine the relative position of the detector with respect to the
beam.

Let us note that we do not need the identifications of the photon and the
electron, the energy of each cluster being only defined by the two angles (replace
index e,y by index 1,2) and we do not necessarily need to use track information
in the selection (i.e only one track and defined charge). Now looking at the
observed tracks, it is also possible to check the value of the magnetic field and,
from the comparison of events with respectively 0 track,l track and 2 tracks,
to determine the efficiency of the tracker and its rate of photon conversion. All
these results can be obtained by (fitting only) the data itself. They include the
experimental effects and do not need a priori any Monte Carlo simulation.

Such analyses were successfully performed for the H1 detector [8], and since,
as shown below, the number of Compton events per second expected within
KLOE at DA®NE will be be of the same order of magnitude as the total number
of events obtained in one year at H1, similar analysis should be likewise very
relevant at DA®NE.

Having established the event kinematics for |¢*| < W?2, let us now proceed

to discuss the cross-sections. In general, for the process ee — eewy, through the
helicity amplitudes one obtains {2]

do.ec-—}cc'y do_q*e—}’ye

— fr*/e 2
dy dqzdﬂ* f (y) q ) dQ*
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and u* = cos 0* , d¥* = dcos §*d¢* are defined in the center of mass of the ey

system. Notice that, wherever it can be safely done, we neglect terms of order
2

where y = €

me;.

For Q2 << W2, using the EPA, (i.e neglecting terms in @*/W?* and inte-
grating over the azimuthal angle) the cross-section becomes simply the convo-
lution of

2 7 2
o 2y _ E _ 2 . —~ X Dmin dX dq
d*N(X,q%) m (1-X+X°/2)-(1 ) C | X g
with, for u* > —1
orat, 1 L+u™y
dacompton — W2 (1 + ’U,* | | 4 )du
where i W B L_ g o o
~ vis — &0 — . € Y
X Eo S Eo 1+ ,3 an 2 atl 2
and
.y B
cos@c: 1__)8‘“*, COS@.T: 1+ﬁu*’ /8': |)8l

Then an analytic Weiszacker-Williams computation of the cross section, in
an angular acceptance given in the Laboratory by U} < cos©., < U5,

leads, in straightforward fashion, to a simple product of the equivalent photon

spectrum integrated over ¢* with the Compton cross-section integrated over
u*, i.e., since |qZ, .| >> l¢Z;n|, the product of

J

W1 +u* +n)

+

Q*(1 — u')

2AW? + Q%)
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- Unus =B =1
Umar = In'f [l_imﬁvzax’ 1 — IBUmin]

where 7 < 1 is an experimental cut ( | £p; |< nW) within which the various
" approximations remain valid, 8 = (s — W?)/(s+ W?), and Unmaz,min defines the

angular acceptance in the Laboratory system. For symmetrical acceptance,
lcos®. | < U,, the above expression is further simplied to

1 4+ u,

1 —u,

o’

[, —
| Ocompton = W2 [uo + 2111 ﬁ

1 - BU,

] with u, =
Let us note that:

o There is an additional factor two because either electron beam can inter-
act with the photon generated by the other one

o The cross section can be equivalently expressed in terms of W, E,;, or (3

dW dE.; . (1+B)%dp

g

W3 B (Em's - E0)2 B (1 _ 5)4

do o

However, when X,E,,W or E,;, increase, # decreases and the acceptance
in the ey C-of-M increases. Therefore the integration over the acceptance
slightly compensates the very strong W, § or E,;, dependence.

e For an angular acceptance given in the Lab by | cos O, |< cos O, the
maximal and minimal value of W? = stan(©,/2)tan(0./2) are respec-

tively given by s and stan?(©g/2) so that, for the overall cross-section,
one has
Lo

TMe

g x 2f(0p)(In

)/

This implies that for a given detector (with the same angular acceptance)
the cross-section at DAPNE is 6000 times larger than at LEP100, and,

given the difference in expected luminosity, the rate of ey Compton events
more than five orders of magnitude larger.
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e At Hera, where the electron scatters with a photon generated by the
proton beam, the cross-section loses the factor 2, relative to the eTe™ case,
and 1t is smaller because of the mass of the proton and its non point-like
nature {2]. An exact and complete MonteCarlo exists [2] and it is used

i HE Tor Tunninosity lmm.::mc*uu-.-.ul,[ifj.

Assurning in first approxination,

that the inelastic contribution compensates the effects of the electric and
magnetic form factors in the elastic one (i.e. considering the proton as

point-like), one gets

Ep
o x f(©y)(In -j—w—p)/s

so that, for the same acceptance, oyeroe/0pasng is of order 5 x 1078,
Actually the acceptance of H1 goes down to smaller angles than the
ones accepted at KLOE, but the larger luminosity expected at DA®NE
compensates for this difference and one can estimate that the number of

events expected per second within KLOE (see below) would be of the
same order as the number of events® accumulated by H1 in one year [8].

10 -

Vs=0.600 CeV

ID* -

Vs31,020 GeV

"-.H‘Js 1 .40“@"'*6_‘?\!

™

L]

*u
l_l_.l..[.i..sl.l.l.n. ) .II 5

0 .
40 50 &0
0, degrees

Fig. 2: Cross-section of quasi-real Comp-
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lar acceptance of both the electron and
photon given by | cos O,  |< cos@p

clusters/sec

—
o
L

vs=1.020 GeV
107}
25 ]
Saal B
| N
o r i l—‘_‘x_,_o-—'_J—’
1 -
PRl SFPIVTPIPN PN BN ST EAENE N DT SN SR
-1 -08 -06 -04 -0.2 0 0.2 0.4 G.6 0.8 '
cos O
Fig. 3: Rate of clusters per second

with respect to their emission angles for
a luminosity of 5 x 1032¢m~2sec™! and

| cos O, , |< 0.985. (Dashed histogram
corresponds to photons)

We shall now discuss more in details some predictions for the DA®NE case.
The cross section expected for this process in the range of energies which will be

3At H1, the number of quasi-real Compton events analyzed, has been = 250, 1500 and
1000 in 1993, 1994 and 1995 respectively.



available at DAONE, is shown in Fig. 2 with respect to the angular acceptance
of the detector. One notices that for KLOE, with | cos © |< 0.985, this cross-
section is of the order of 1 pbarn and, for a luminosity of 5 x 10%2em=2sec™!
this leads to a rate of 500 evts/sec (i.e.10° clusters/sec).

Obviously, the particles tend to be peaked at small angles. However, as
shown in Fig. 3, the rate of clusters remains significant at any angle. Of
course, the rate of one cluster at a given angle depends upon the minimal
value of the acceptance of the other one (see Fig. 4). Nevertheless, the cross
section and the rates for a cluster at large angle remain large when the second
one is at small angle (see Fig. 4) and is still significant even for both particles
emitted at relatively large angle (Fig. 2). |

We have used analytic approximations in order to show the main caracter-
istics. Clearly the beatn crossing angle and the exact dynamics and kinematics
can be included through a Monte Carlo calculation. Notice however, that for
the calibration of the detector, one does not need a priori any Monte Carlo
simulation. As far as the errors on the energy are concerned, they essentially
arise from the experimental resolutions and not from the various approxima-
tions of the overdominant contribution of quasi-real photons (for example, at
small | ¥p; |and acoplanarity Ay ~ 7, the theoretical error is negligible with
respect to the experimental uncertainty). To show the precision of this method
for energy calibration, we shall briefly outline the main steps involved in the
analysis, reserving to a longer work the complete description.

The experimental resolution, AE, can be obtained by fitting the experi-
mental distribution of the difference E(O, 0,) — E; ;icasureq and the calibration
factor K’ can be determined by minimizing

X2 — E(E(Ok, @3) - I{Ei,measured)z/(AEi)2

The precision for determining the calibration factor K, is obtained from the
value of AK such that xy* = x2. +1, i.e.

?

(AK)™? = 3 f&i)?

chua

AFE is the convolution of the errors coming from the energy resolution in the
calorimeter, AFE_,;, and the angular resolution AF(0,,0.,) = AEg. In prac-
tice, most of the error comes from the calorimeter. Examining for simplicity

the particular case O, = 0, = O, one has E(O,.,0,) = Ey/(1 + cos ©) and
- AFEg sin © |

' E 1+cos©

In KLOE, the expected angular accuracy is better than 1072, giving an error
AFEe an order of magnitude smaller than the one from the calorimeter reso-

lution AFE,, = 0.05\/ E(GeV). For an average energy of each cluster around
Ebeam /2 = 0.25GeV, this corresponds to AE/FE =~ 0.1, and thus to

AK 0.1
P R —

K~ N

AO

<




Comparison with HERA case[8], where < &% >x —9\/-:% shows that the main
difference is in the rates. Thus, at DAPNE , in 10 seconds of data taking at
the rate of 1000 cluster/sec (see Fig. 3), it should be possible to reach an
accuracy better than 1 per mille.

Notice that the accuracy of the method is a priori imited by the presence
of radiative corrections, to wit initial state radiation (ISR) from the colliding
Compton electron (radiation from the final state plays no role, since the energy
1s measured in the calorimeter). ISR represents the most important effect [12]
on the calibration method just discussed, as it affects not only the total cross
section (which is reduced by 10% at DA®NE with the cuts discussed below)
but also the energy involved in the Compton process and thereby, the kine-
matical relations between energy and angles of the outgoing particles. As far
as calibrations are concerned, we do not worry about absolute normalization
and the 10% reduction of the cross-section does not intefere with the precision
of the method we have discussed. Changes in the kinematics are more prob-
lematic and the tull evaluation of these radiative corrections will then require
a Monte Carlo with full detector simulation, which is under preparation. We
shall here outline the main characteristics of these eflects.

The contribution from ISR can be taken into account using the so-called
peaking approximation. This procedure is justified by the fact that the radiated
photon and the scattered one are emitted at different angles and thus can be
distinguished, so that interference terms are suppressed. Actually we introduce
an energy loss of the initial electron according to a probability law given the
semi-classical formula [13]:

dP(k) = B KF~'(1 — k + k%/2)dk
with?
2Fy 1
Me 2)
where k is the fraction of incident electron energy carried off by the radiated
photon. Let us note that the hard-photon tail of the radiated spectrum has a
low emission probability, but on the other hand it leads to smaller values of W.

leading to an Increase of the Compton cross section. However, it is possible to
eliminate (to a large extent) the hard photon tail by imposing a lower limit on
the visible energy. Events could be selected according to drastic cuts, which
reject most of the "kinematical” effects due to ISR. Since 2F = E,;,/(1 + |8]),
where E is the energy of the incident electron and ]5 | is simply defined from
the angles, one can determine the energy of the initially radiated photon from

p =2

kEo = 2Eo — Eyis(1 + |3])

and make the relevant cut. Then, the remaining radiative corrections result
mainly in some asymmetry on the AE errors, which become non- gaussian.

‘the radiative factor is usually indicated with the symbol 3 and should not be confused
with the velocity previously introduced



This eftect can be taken into account. In an actual analysis, the selection
cuts and fits are performed through various loops, with the measured energy
being corrected at each step. In the case of H1, it has been observed that this

procedure works remarkably well, with results which converge already at the
second step.

In conclusion, we have outlined the main characteristics of a calibration
method for the KLOE detector at DAPNE , the ¢-factory under completion in
Frascati. Through the measurement of final state electron and photon produced
through quasi-real Compton scattering, the method proposed will allow to
check quantitatively the detector response in a continuous way in space and
time. From a comparison with the case of the H1 detector at HERA, where the
method has been successfully employed, we find that it 1s possible to achieve
a one per mille accuracy on the energy calibration of KLOE (every 10 seconds
of data taking). The complete calculation, with full Monte Carlo simulation,
is under preparation and will be presented as a separate report.

The authors acknowledge the support of the European Economic Commis-
sion, HCMP Contract # CT920026.
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Figure 4: Angular configurations of the clusters for same conditions as in Fig.3



