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Abstrac t 

The BNL AGS is currently producing about ZpA of 24 GeV protons with 
~ 40% duty factor in slow extracted beam running. Proposals for further upgrading 
the accelerator are under discussion. These can produce intensities of 5.4—20/M, with 
duty factors ranging up to nearly 100%. Such improvements provide a range of new 
opportunities for K and other experiments. I discuss a few such opportunities. 

1. Introduction 

Table. 1. shows the recent performance of the AGS [1] for slow extracted proton 
beam running. 

Table 1. Recent performance of the AGS (as of 1 April 95) 
1994 1995 

Proton Beams: 
Beam Energy 24 GeV 24 GeV 
Peak Beam Intensity 40 x 10 1 2 ppp 60.5 x 10 1 2 ppp 
Typical Beam Intensity 35 x 10 1 2 ppp 55 x 10 1 2 ppp 
Spill Length/Cycle Length 1.0 sec/3.8 sec 1.2 sec/3.2 sec 
Duty Cycle 26% 38% 
Spill Structure Modulation 50% 20% 
Average Beam Current 1.7 H A 2.8fj,A 
Av. Availability/Best Week ~ 83% 82%/92% 

Although this reflects remarkable progress in a relatively short period, due 
mainly to the construction of a 1.5 GeV Booster, the performance of the AGS is still 
far short of what was proposed for the TRIUMF KAON project. It has been claimed 
for some time that the AGS's intensity and duty cycle could be improved in relatively 
modest steps until they approached those of KAON. The cost/benefit ratios of these 
steps, however, were not seen as sufficiently compelling to overcome the very high 
potential barrier to new projects in the present era of scarcity in US high energy 
physics. Very recently the situation has changed, due in large part to suggestions by 
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T. Roser and others. It now appears that the "entrance fee" for certain very desirable 
upgrades can be made low enough that even the most parsimonious funding agency 
might be tempted. 

I will briefly discuss these upgrades and explore what physics benefits they 
might have. This discussion will be mainly, but not entirely, couched in terms of 
presently running or approved experiments. The idea is to maximize the physics yield 
one could achieve for modest additional expense. 

2. AGS Upgrades 

Until the recent activity, the upgrade most frequently discussed was the addi
tion of a 30 GeV stretcher ring. This would accumulate pulses from the AGS at the 
full energy, allowing the machine to cycle at its maximum rate (~ 1Hz). The beam 
would be spilled out of the stretcher in a nearly continuous manner. This would in
crease the duty factor of the slow extracted beam from about 40% to nearly 100%. It 
would increase the average beam current by a similar factor, say from 3/̂ A to 7.5/J.A. 
It would tend to reduce any spill structure. Although an increase in the average in
tensity with no corresponding increase in instantaneous rates would be very welcome 
indeed to experiments such as rare K decay searches, at the moment this upgrade 
does not seem very cost-effective. It would do nothing for the fast extracted beam, 
the AGS spill structure and duty cycle have been improving lately anyway, and the 
estimated cost is high (0($1OOM)). 

Other, even more ambitious, schemes have been discussed [2], that would in
crease the AGS average intensity nearly to K factory range. However the cost of 
such a project, after concomitant increases in shielding, remote handling, radiation-
hardened switchyards and beamlines, etc., have been figured in, would no doubt be 
several hundred million dollars. 

Since large influxes of construction money for AGS upgrades are not expected, 
I will focus on more modest objectives. The first is a novel acceleration scheme [3] 
that requires very little in the way of additional capital investment. It makes use of a 
"barrier bucket cavity". This is a broad-band RF cavity used to manipulate the beam 
stored in the AGS. 

The present injection scheme works as follows. The Booster cycles at 7.5 Hz. It 
injects its two bunches into the AGS for four successive cycles. The bunches are stacked 
in boxcar fashion. At this point the AGS starts accelerating the eight bunches. During 
the accumulation process, space charge effects cause gradual losses in the stacked beam 
(the "oldest" bunches have to wait 3/7.5 seconds for the acceleration process to begin), 
and limit the total amount of beam that can be stored. It takes about 1 second to 
accelerate the beam in the AGS and ramp the magnets back down. Thus for fast 
extracted beam (FEB), the total cycle is about 1+3/7.5 = 1.4 sec. For slow extracted 
beam (SEB), the cycle is approximately S + 1.4, where S is the length of the slow 
spill. Typically this has been 1.2 seconds of useful spill; with a few hundred msec 
of overheads, the SEB cycle time is ~ 3.2 seconds. At the moment, the Booster can 
supply about 1.5 x 10 1 3 protons/cycle to the AGS, for a total of 6 x 10 1 3 . This works 
out to ~ 3/iamp. 

In the new scheme illustrated in Fig. 1., the beam being accumulated in the 
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Fig. 1. Time domain stacking with two barriers (after M. Blaskiewicz) 

AGS is debunched. After the first Booster-load is debunched, an empty RF bucket is 
imposed on the beam, creating a "hole" in the phase space. A second such bucket is 
superimposed on the first, then moved slowly away, widening the hole in the beam. 
The second Booster-load is then injected into this hole. The two RF buckets are 
slowly moved towards one another until the phase space density of the newly injected 
protons is equal to that of the rest. Then one RF bucket is turned off. The process 
is repeated for each successive Booster-load. Since the beam is debunched, about 
twice as many protons can be squeezed in under the space charge limit. This means a 
total of 8 Booster-loads, or 120 trillion protons. Since it takes an extra 4/7.5 seconds 
to accelerate the additional Booster-loads, one doesn't quite get twice the average 
current, and there's an impact on the duty factor (see Table 2.). 

This scheme increases the average intensity of both fast and slow beams by a 
factor > 1.5, at very modest cost. The next step is to remove the AGS accumulation 
time, which has grown to > 1 sec, by adding an accumulator ring in the AGS tunnel. 
There is room to put such a ring above the AGS itself. This could be quite a mod
est affair; presently it is envisioned as using combined function permanent magnets 
of about 2.5 KGauss. Fig. 2. shows the accumulation cycle for both fast and slow 
extracted beam. There would then be no contribution at all to the AGS cycle time 
from the accumulation process. For slow extracted beam, this would yield a factor 
3 in average intensity with respect to current performance, and improvement of the 
duty cycle to 50%. For fast extracted beam, the improvement would be even greater, 



Table 2. Possible AGS Intensity Upgrades 
AGS only AGS+Accum. 

Slow Extracted Beam: 
Duty Cycle (Is spill): 
Average Intensity: 
4 Booster Cycl./AGS Cycle 
8 Booster Cycl./AGS Cycle 

Fast Extracted Beam: 
Rep. Rate: 
Average Intensity: 
4 Booster Cycl./AGS Cycle 
8 Booster Cycl./AGS Cycle 

Heavy Ion: 
4 Booster Cycl./AGS Cycle 
8 Booster Cycl./AGS Cycle 

33%/28% 

20 TP/s , 3.2/zA 
34 TP/s , 5.4//A 

1.7s/2.2s 

35 TP/s , 5.6/zA 
54 TP/s , 8.6M 

2.3 x 10 9/s 
3.6 x 10 9/s 

50% 

30 TP/s , 4.8//A 
60 TP/s , 9.6M 

1.0 s 

60 TP/s , 9.6fiA 
120 TP/s , 19.2/iA 

4.0 x 10 9/s 
8.0 x 10 9/s 

AGS+Accum. 
+Stretcher 

100% 

60 TP/s , 9.6//A 
120 TP/s , 19.2/fA 

resulting in an intensity 20% of that of a full-fledged kaon factory. It is possible that 
the performance of the AGS could be raised even further than this, since the Booster 
performance already exceeds its original specification (22 TP vs spec of 15 TP). Also, 
particularly in the case of slow extracted beam, it might be possible to accumulate 
more than eight Booster-loads. 

Table 2. gives the expected performance of the AGS with accumulator, assum
ing eight Booster-loads of 15 TP each. Also shown is the benefit to the slow extracted 
beam program of adding a stretcher. This would bring the average SEB current to 
the point of equality with the fast beam, i.e. 19.2fiA. 

Table 3. gives rough estimates of the price tags of possible AGS upgrades. 

Table 3. Sticker prices of AGS options 
Option pckee Addtl. cost / CSEB/FEB) SEB duty cvcle 
'95 model - 2.5/xA 38% 
'96 model O(S0) 3.2/5.6/iA 33% 
Barrier bucket cavity O(SIM) 5.4/8.6/iA 27% 
Accumulator O(Sl0M) 9.6/19.2//A 50% 
Stretcher C($100M) 19.2/19.2/^A 100% 
Post-Booster/collector C($250M) ~ 45juA 100% 

3. Extensions of the current (and near future) AGS program 

Table 4. summarizes the current AGS proton program. I will discuss only a few 
of these categories. There are equally interesting possibilities in many of the others. 



AGS WITH ACCUMULATOR RING 

SLOW EXTRACTED BEAM: 

AGS 

/ 
ACCUMULATOR * ~ 

BOOSTER 

• • • • • • • • 

7WWWW_ 
FAST EXTRACTED BEAM: 

ACCUMULATOR ^ - j - y - j - J - _ - _ _ _ _ . 

— AAAAAAAAAAAAAAAA 
Fig. 2. Accumulator 

3.1. E889 
Experiment 889 [4] is an approved but not yet funded long baseline neutrino 

oscillation experiment. It aims to explore the region of the A m 2 — sin2(29) plane 
suggested by the recent results [5] from Kamiokande that indicate a depletion of at
mospheric v^ relative to ue. The experiment will feature large (1725 m 3 fiducial vol
ume) water detectors at 1, 3, 24, and 68km. It is assumed that the experiment will use 
8.8 x 10 2 0 protons on target over a sixteen months of total running time. The left hand 
plot of Fig 3. shows the 90% confidence level exclusion contours in A m 2 and sin2(26) 
obtained with a direct v^ disappearance analysis using quasi-elastic muon events. The 
statistical power is quite adequate to confirm or rule out the Kamiokande results. 
However, the history of this subject shows that one can never have too many sys
tematic cross-checks. The right hand plot shows the corresponding contours obtained 
using the ratio of charged to neutral current events. The latter constitutes an excellent 
consistency check, but its statistical power is clearly limited with respect to that of the 
former method since the number of reconstructed neutral current (it0) events will be 
only ~ 20% of the number of quasi-elastic charged current events. Clearly an increase 
in flux of a factor of four or more would be very welcome. 



Category 
Table 4. Current AGS Proton Experiments 

Topic Experiments 

Rare & Forbidden K decay 
^-oscillations 

787,865,871 
889 

Precision E-W g-2 821 

Light quark spectroscopy meson exotics 
glueballs 

852 
881 

H searches 813,836,888 

Hadron dynamics nuclear transparency 850 
high-pr exclusive scatt. 850 
K-N interactions 835,874 

T? physics charge symm. test 
threshold production 

890 
909 

Hypernuclei A hypernuclei 
AA hypernuclei 
S hypernuclei 

788 
885 
887,905 

Polarized protons partial Siberian snake 880 

3.2. E871 
E871 is a study of two-lepton decay modes of the KL with an intended sen

sitivity of ~ 10 _ 1 2 /event . It will probe the lepton flavor-violating process KL —>• fie 
to ~ 2 x 1 0 - 1 2 . The highly-suppressed decay KL -» e+e~ is expected to be observed 
for the first time by this experiment. The experimenters also expect to collect some 
104 examples of the formerly rare decay KL —* f^ff- One of the main innovations 
of this experiment is the use of a beam absorbing plug in the middle of the apparatus 
(see Fig. 4.). This is quite a departure from traditional designs, and although it seems 
quite successful so far, the experimenters are not yet willing to speculate about how 
far a KL —*• fie search could be pushed. However, the experiment could probably be 
optimized further for KL —*• fi+fJ-~- In particular it could be configured to measure the 
longitudinal polarization of the final state fi+. In the Standard Model, this quantity 
is unmeasurably small [6], so that it is sensitive to new physics, for which a number 
of predictions have been made [7]. 

One would need to instrument the current E871 muon range stack as a po-
larimeter. Given additional beam via an AGS upgrade, one could afford to go to a 
wider production angle, reducing the U/KL ratio and softening the KL spectrum so 
that a higher fraction of the final state muons could be stopped and analyzed. The 
beam plug geometry is ideal for this application, since it minimizes the rates in the 
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Fig. 4. Apparatus of AGS E871 

5.5. E865 
Fig. 5. shows the apparatus of Experiment 865, a search for the lepton flavor-

violating decay K+ —> n+fi+e~ with a sensitivity of ~ 10 _ 1 2 /event . The experimenters 
don't believe that they can push this technique much beyond 10~ 1 2 because it is limited 
by K+ decay products. There are, however, a number of other measurements that 
could be made with this detector (or a somewhat augmented version thereof), that 
would benefit from a higher flux. For, example M. Zeller has discussed searching for 
a CP-violating Dalitz Plot slope asymmetry in K^ —*• TT^ii+ir-. The present upper 
limit on this quantity is only about 1 0 - 2 , and it could be pushed as low as a few 
x l O - 5 in the E865 apparatus. There are probably enough K+ to do this, but more 
K~ would be welcome. 

As pointed out by Atwood and Soni [8], there can also be CP-violating asym
metries in K* —* 7r±7r+7T_7 that could be as large as 1 0 - 4 in the Standard Model. 
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Fig. 5. Apparatus of AGS E865 

Since B(K± —*• 7r±7r+7r~7) ~ 1 0 - 4 , one would benefit from higher fluxes, again par
ticularly of K~. 

There are several other such asymmetries, all of which would benefit from 
enhanced K~ production. There is also interest in studying the parity-violating fi+ 

polarization [9] in the process K+ —»• ir+fj,+fi~. This is potentially sensitive to the 
CKM parameter p. Although E865 is expected to collect ~ 50,000 of these events, 
a polarization measurement would require an upgrade to the detector. Since the 
branching ratio is ~ 5 x 10~ 8, once again one needs the highest possible statistics, to 
make a measurement at the requisite few x 1 0 - 3 level. 

3.4. E787 
A. Konaka has discussed E787 in some detail [10]. Given the most recent 

estimates [11] of B(K+ —• 7r+z/P), this experiment is unlikely to get more than a 
handful of events unless non-Standard Model effects are encountered. Since K+ —>• 
n+uu offers probably the theoretically cleanest method of determining \Vtd\, it would 
be a shame not be able to fully exploit it. Roughly speaking, the relative error on \Vtd\ 
is about half that on B(K+ —> 7r+i/i/). Thus, a signal of 4 events would determine 
\Vt(i\ to about ±25%. If one could get an additional factor 3 in statistics via an AGS 
upgrade, this would go to ~ 15%, which would be sensational. The experiment could 
not easily accept another factor three in kaon flux beyond what has been assumed to 
be its ultimate capability (~ 1.5 x 10 7 incident iiT+/pulse). Trigger and random veto 
dead-times, not to speak of off-line background, would become very hard to fight at 
that level. Instead, to exploit an increase of available protons one might consider some 



changes in the beam channel, to reduce the incident momentum from 800 MeV/c to 
perhaps 550 MeV/c. This would allow a substantially greater yield of stopping K+ 

per incident K+. Right now this ratio is only about 1/6. It might be possible to 
make it as high as 1/2. In this case, for three times more protons on the production 
target and a shorter beamline (13m vs the present 19m), one would have the same 
number of K+ incident on the degrader, but three times as many would be stopped. 
The random veto dead time and the backgrounds would be markedly reduced. This is 
because the instantaneous rates in the detector have been found to be proportional to 
the rate of K+ which interact in the detector They are also strongly affected by the 
K+ momentum. The K+ total cross-section falls by about a quarter in going from 800 
MeV/c to 550 MeV/c (also pion production is no longer energetically possible at the 
latter momentum). In addition, the final state products of such interactions are softer. 
Finally, the amount of degrader needed to stop a 550 MeV/c K+ is only about 40% 
of that needed to stop an 800 MeV/c K+, giving much less opportunity for mischief. 

If still more beam were available, one could use it by increasing the AGS duty 
cycle. Thus for example, if a factor four more beam were available, one could go from 
say 100 TP/spill with 33% duty cycle, (1-second spill every 3 seconds) to 400 TP/spill 
and a 67% duty cycle (4-second spill every 6 seconds). This would double the average 
number of iif+/second with no increase in instantaneous rate. Although this is perhaps 
not the most economical use of extra protons, it would translate directly into a factor 
two increase in sensitivity for E787, as it would for most other experiments. 

Thus a path is open to improve the precision on K+ —> ir+uP to ~ ±15%, and 
that on \Vtd\ to < 10%, without major upgrades to E787, as long as enough protons 
could be made available. 

8.5. Other current AGS experiments 
E850 is a study of nuclear transparency. It measures high py quasi-elastic 

scattering of protons off protons in nuclei of various sizes. A predecessor of this 
experiment observed indications of the hypothesized color transparency, but the effect 
had a rather puzzling dependence on incident momentum [12]. The new experiment 
which has larger acceptance and better systematics has been running for some time. 
Although the experiment is not thought to be flux-limited, it might be very interesting 
to try using K+ as well as protons for this study. This would require considerably 
more flux, particularly if one wanted to use a separated beam. 

A large increase in high momentum kaons would also be of interest to Experi
ment 852, which is a search for mesons with unusual quantum numbers (e.g. glueballs 
and hybrids) in the 1-3 GeV mass region. E852 uses the MPS spectrometer, augmented 
by a large lead glass array for the detection of photons. Although this experiment is 
expected to make great strides in the study of gluonic excitations of the non-strange 
mesons, it will leave the strange and strangonium sectors almost untouched. If 30 TP 
could be made available, they could obtain about 5 x 10 5 i f - /spi l l at say 14 GeV/c, 
and throw a great deal of light on gluonic excitations in these sectors. 



4. Possible new initiatives 

A number of interesting new possibilities for AGS experiments have been dis
cussed lately. All would be improved by the availability of increased proton flux. 

4-1- T-violating fj.+ polarization in K+[tZ decay 
In his talk on KEK-246 at this conference, J. Imazato [13] discussed the mo

tivation for searching for a T-violating polarization in K+ —• -K°II+V. KEK-246 could 
certainly be copied at the AGS (or conceivably moved to it), where the supply of stop
ping K+ is considerably more copious. In addition, two rather different approaches 
have recently been suggested for such an experiment at the AGS. The first J14], by 
M. Diwan and H. Ma, is also a stopping K+ experiment. The detector is both cylin-
drically and forward-backward symmetric. The K+ beam and stopping target are 
very similar to those of E787, as are sources of random rates in the detector. These 
would be similarly mitigated by going to a lower momentum beam as discussed above 
in the case of E787. The resultant smaller "source" of iif+ would also be helpful in 
controlling systematics. 

The second [15] approach is an improved version of the most recent previous 
experiment of this type [16] (also carried out at the AGS). In this case the K+ decays 
occur in flight in a 4 GeV/c beam. In the unseparated beam envisioned for this 
experiment, there would be many tens of MHz of x + decays. At the least this would 
lead to a very significant random veto dead time penalty. In addition, any residual 
material in the beam would be exposed to 2 x 10 9 pions/spill. The experiment would 
therefore benefit considerably if a separated beam of the required intensity could be 
provided. This would require about 80 TP on the K+ production target, which is 
simply not available at the present AGS. But the kind of upgrades being considered 
could provide this flux. 

Table 5. compares the three approaches: 

Table 5. T-violating muon polarization in Kfj.3 
KEK-246 Diwan/Ma Adair/Leipuner 

°~PT 0.0005 0.00011 0.00024 
beam stopping stopping in-flight unsep. 
recons. evts yes yes no 
H+ stopper Al Al graphite 
e-detector scintillator Al drift chamber scintillator 
precess py? no yes yes 
precess both allowed pi yes no no 
fwd/bckwd symmetry? yes yes no 
limited by statistics statistics systematics 
comments beam jf = \ difficult trig./DAQ rate sensitive 
Impact of AGS > 10 x statistics lower rates separated beam! 

upgrade X 1 
K 7 smaller source (if 80 TP) 

There are substantial benefits to each of them from the K+ flux available at 



an upgraded AGS. 

4.2. KL -» n°vP 
As discussed by A. Buras [11] at this workshop, KL —>• ir0i/p is'a very nearly 

pure direct CP-violating process. B(KL —*• 7T°i>P) can be expressed in terms of SM 
parameters such as rj with very little theoretical ambiguity. However it is necessary to 
achieve sensitivities of ~ 10 _ 1 2 /event for this poor-signature process in order to exploit 
this connection. Although there is not yet an approved proposal for a dedicated search 
for this process, there has been a great deal of discussion about how to proceed. One 
approach, discussed at this conference by B. Winstein, employs a high energy KL 
beam. There have also been a number of suggestions for experiments at rather low 
energy. The disadvantage of a low energy approach is that photon detection and 
vetoing generally deteriorate as the energy decreases. But there are compensating 
advantages. For example at low energies one can exploit a geometry that combines 
the decay region with the detection region to achieve a high total acceptance. Also, 
at low energy there are techniques for determining the momentum of the KL, adding 
a very welcome and perhaps essential kinematic constraint to the experiment. Both 
these features could be very well exploited at an upgraded AGS. 

I will mention a couple of examples. KEK Proposal 324 [17] envisions a well-
collimated low energy neutral beam combined with highly efficient photon vetoes. As 
originally conceived, both the sensitivity and background rejection power run out at 
a few times 1 0 ~ u . One could get much more flux at an upgraded AGS, even if one 
chose to work at a fairly large production angle to soften the KL spectrum and reduce 
the U/KL ratio. For additional background rejection, one could determine the KL 
momentum via timing in a microbunched beam (tight microbunching on extraction has 
recently been demonstrated at the AGS). The second example is A. Konaka's scheme 
utilizing a tagged KL beam created by r~p —> K°A near threshold [18]. According to 
Buras' estimate of B{KL —* ^uv), the AGS version of this experiment would produce 
18 ± 12 events. A factor 3 in beam would make this 54 ± 36 events, a much more 
comfortable figure. 

4.3. K° - K° facility? 
I was inspired by the talk of B. Pagels [19] to wonder if competitive tagged 

K° — K° experiments could be carried out at an upgraded AGS. Such experiments 
were done in the long past with low energy K± charge exchange beams. I note that 
at ~ 1 GeV/c the charge exchange cross section is several mb. Extrapolating from 
current beams, it seems quite possible to get several hundred thousand K° or K° per 
spill. Table 6. compares what one might get with the situation at LEAR. 

There is > 15 times the CPLEAR rate with a much better ratio of K°/afl. inter
actions. Of course one loses the excellent systematics advantages of the pp symmetry, 
and no doubt can't do everything one can do at LEAR, but the statistical advantage 
is considerable, and would be further enhanced by AGS intensity upgrades. 



Table 6. K° - K° at the AGS vs LEAR 
CPLEAR AGS 

interactions/sec 10 6 < 8 x 10 6 

K°,K°/sec 4 x l 0 3 67 x 10 3 

"purity" 0.002 0.33(tf +)/0.10(ii'-) 
K°/K° systematics excellent challenging 

5. Conclusion 

After RHIC turns on, running the AGS becomes a marginal cost, making 
the fixed target program extremely cost-effective. The machine availability is only 
marginally impacted by its role as an injector for RHIC (it is estimated that this 
will require less than four hours/day). For a very modest cost, the AGS slow beam 
intensity could be tripled and the fast beam intensity quadrupled, creating a facility 
with 10 - 20% of the capability of KAON. Virtually the entire present AGS program 
would benefit greatly, and several interesting new possibilities would become practical. 
If the physics warrants and funds were made available, it would be possible to further 
upgrade the AGS to nearly KAON capacity. 
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