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1. INTRODUCTION 

We propose a very fast (few ns) trigger using an optical discriminator for B-m-o 
selection in proton-proton collision experiments. With only few read-out channels, the device 
can Perform a fast trigger on the global P, of the event and it is insensitive to low P, 
particles (P, <lGeV). We discuss possible applications of this device for collider or fixed- 
target experiments at LHC, at the highest I uminority operation. Simulations show very 
promising results : in the fixed-target (collider) mode WC expect a rejection factor of 1W 
(IO) on minimum bias events, with 45% of efficiency on the B’s, independent of tb4r.dece.y 
mode. We also discuss applications of this device in present detector designs. 

To select B events in a fixed target experiment, an impact parameter optical discrim- 
inator har been proposed ‘. By trapping the Cerenkov light in a thin crystal, events with 
tracks having a significant impact parameter can be selected in a Iew ns. Extensive tests in 
a particle beam have demonstrated the feasibility of this trigger device ‘.‘. A limitation of 
the Optical Trigger is the need for a very small interaction region (100 pm) which limits ita 
application to the fixed-target mode or to colliders having a small interaction diamond, like 
the asymmetric tilted collider ‘.I. In addition, in order to obtain a good rejection factor for 
minimum bias event and good efficiency for b& events, the device must be sensitive to very 
small impact parameters; the result is a low number of photoelectrons for B-m-n cvcnts. 
A research and development program har started in order to improve the output ai.@ #. 
Based on the same principle, but taking another approach, WC propose to trigger on events 
with charged tracks having a small impact parameter behind a magnet. As all the light 
of the Cerenkov cone is collected, the number of the photoelectrons is DOW confortrkle and 
good efficiency for B-meson pairs can be obtained. 

2. P, CUT PRINCIPLE 

The transverse momentum, P,, of charged tracks from B events is higher than these 
from the minimum bias ones. So an efficient selection of B events consists in selecting the 
charged tracks with a P, higher than l-2 GeV/c. Th II is quite a low value and it ia often 
hard to obtain with a threshold applied on the signal of a calorimeter. In most of the collider 
experiments the lowest typical applied P, threshold is higher than 5-8 GeV/c. It results in 
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ao unacceptable large inefficiency and the goal is to lower those thrcaholdr. 
Our ides is to tranform the P, threshold into ao impact parameter thmhold. A 

magnet, placed on the path of the tracka gives to each of them-a kick da, 8 being the 
diffusion angle : 

d9 = 0.3 J Bdl x $ '(1) 
Such a kick is equivalent to an impact parameter, b, with respect to the target. 
If the magnet is a toraid with the same axis as the beam, f L?dl x 6 is a constant, since 

the magnetic field is maximum around the beam axis and falls inversely proportional to the 
distance of the axis. So e. P, cut is translated into an impact parameter cot. Figure 1 show a 
schematic view of an experimental set-up with a toroidsl magnet forward spectrometer along 
the beam axis of B fixed-target or a collider experiment. The magnet is axially symmetric 
M well as all the major elements of the spectrometer. 

The spherical crystal, placed behind the magnet, is centered on the target. Its edge 
is a strip on the surface of a cone having its top at the center of the sphere. In this way the 
outgoing light from a particle with small impact parameter focuses to the optical center. On 
the contrary, most of the light cmmitted from a particle with a significant impact parameter 
is either trapped in the crystal or goes out without pointing to the center. 

Thus, the collection of the light which focusses to the center of the sphere is a selection 
of tracks with small kick, i.e. high P,, 

3. SIMULATION 

B’s and Minimum Bias events have been generated by Pythia in two cues: in a 
fixed target (FT) experiment, and in collider mode at LHC (6 TeV per proton beam). In 
the FT case, the crystal has an acceptance of 300mrd, while in the collider it has 600mrd 
with a hole of IOmrd along the beam. The Cercnkov light created by the charged particles 
through the crystal has been simulated and followed up to the exit face by Monte Carlo. 
The light collection is done by quartz fibers placed along the exit cone pointing to the center 
of the crystal. The numerical acceptance of the fibers gives a natural cut on the outgoing 
light angle. The collected light is converted in electrons by a very fast photodetector cog. a 
photomultiplicr. 

The kick of tracks has been simulated in a toroidal magnet giving 3.3 Tm near to its 
axis, along the beam. This means that d9 is equal to 1Omrd divided by Pt(GeV/c) times 
the sign of the particle charge. As the crystal is behind the magnet, it is quite far from the 
primary vertex (a few meters). So the size of the interaction region has a negligible effect on 
the impact parameters generated by the magnet. 

As shown in Figure 2, it is clear that the impact parameter h is strongly correlated 
with the angle of the light into the fiber. 

The fibers, with an numerical acceptance of about 100 mrd, accept all the light from 
particles with small b, but only a small part from high b. The results on the efficiency versus 
the threshold (in photoelectrons) are given in Figure 3., respectively for B’s and Minimum 
Bias events. 

iFrom the previous figures, we can deduce the variation of the reduction factor of the 
minimum bias events with respect to the efficiency of the B’s, which is shown in Figure 4. 

In a fixed target experiment at LHC, a rejection of 100 can be obtained with 45% 
efficiency on B’s, In collider mode, we get only a rejection of 10 with the same efficier,cy on 

B’s (with one spectrometer arm). But this rejection factor corresponds to the same minimum 
bias rate, because in the collider mode only l/l0 of the luminosity of the FT mode is needed. 

The main difficulty of this scheme is the implementation of toroid coila near the beam. 

4. CONCLUSION 

The selection of B’s by an optical P, discriminator is very promising md gives higba 
efficiency in the fixed-target mode. It is a very fast, global trigger, independent of the 
decay mode. It is a way to improve the efficiency for B-meroo pair sclcctioo in existing 
collider experiments suffering of important losses caused by trigger limitationa. It can be 
used for future Beauty investigations in very high luminosity proton collisions. The effect 
of a deterioration of the obtained rejection due to gamma conversions in the crystal needr 
further studies. The implementation of B toroidal magnet in such M experiment ia also an 
open question. 
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Fig. 1: Scheme of a forward spectrometer with a toroidal magnet 
The crystal ia located downstream of the magnet (schematic). 
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Angle (mrd) through fiber 
Fig. 2: Correlation al the impact parameter 

with the angle of the light going into the fibers. 

Fig. 3a: Efficiency versus threshold (number of pe.) for B (white) 
and Minimum hiaa (hatched) events, in cue of a fixed target experiment 

Fig. 4: Minimum biar rejection futor versus efficiency 
for LHC-FT and LHC-Collider (one-arm spectrometer). 

LHC Collider (16 TN) 
a , 

Fig. 3b: Efficiency versus threshold (number of pe.) for B (white) 
and Minimum hiaa (hatched) events, at the LHC and in the collider mode 
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