The MIPP TriggerDocumerm

0.1 Intro duction

This documen describesthe MIPP trigger design It is primarily intended to sere as a
planning documernt for discussion and implemertation of the trigger. Sec. 0.2 covers the
basic physics goals of the experimernt. Sec. 0.3 describes the characteristics of the MIPP
beamline. Sec. 0.4 reviewsthe tools available for forming the trigger, including detectors
and specializedtrigger modules. The intended trigger layout in logic and timin g is described
in Sec.??. The nal section(or more appropriately appendix) is resened for the inevitable
modi cations that will occur in the designaswe attempt to implemert it.

0.2 Physics Goals for the MIPP Trigger

MIPP is a survey experimert, collecting data on hadron-nucleus interations over a wide
range of projectile species,% K, p of both signs, a wide range of energiesand target masses.
The data have a wide range of applications, from calibrating particle production from the
NUMI target to measuing particle production badkrounds for proton radiographs. Thusthe
requremerts of the trigger are simple:

2 Selectbeam particles with high probabilit y for interaction and detction in the experi-
mert

2 Tag Particle idertity

2 Select nuclear interactions

The latter two requiremerts set the primary corstraints for the de nition of a good beam
particle. Accurate particle iderti cation with the Beam Cererkov Counters a beamspot size
of lessthan 1 cm and a dispersion of better then 0.5 mrad. The TOO and TO1 counters will

be usedto to provide beamde nition. A good beamfocus is alsoneeded to form a bullseye
trigger that can detect the abserce of an uninteracted beam particle.

The interaction trigger should be as gereral as is feaside, with the goal of including a
sign cart fraction of the elastic cross-section with an emphasis on including di®ractive
production. To adieve, we will try to combine a bulleye trigger with multip licity threshold
on one or more detectors.



0.3 Beamline Characteris tics

0.3.1 The Fermila b Accelera tor Complex

All beamsat Fermilab start out in the Linac. The Linac injects into the Booster that
accelerategrotons to 8 GeV/c. The Booster feeds protons to the Main-Injector (M) and
to the MiniBoone experimert. The Main Injector accelerateghe protonsto 120GeV/c and
feeds the Tevatron (with most of the protons going to pbar production), the xed target
areaexperimerts (Mtest and MIPP), and in the future will provide beamfor Minos. Beam
getsto the xedtarget areathrough the Switchyard 120, wherebeamis split to the di®eren
~ Xed target areas.

From the Main Injector beam can be extracted in di®eret modes, fast spill or slowv spill.

The pbar production and Minos needfast spill, mearing that the ertire beamin the Ml is
extracted in oneturn. MIPP needs slow extracted beambecatsethe experimert wants only
one beampatrticle per evert, with one event following the next asfast asthe MIPP detectors
and the acceleratorallow (to minimize running time).

0.3.2 Beam Time Structure
Sub-spill

The structure of the rst stage of accelerationof the protons in the linac is lost when the
protons get furth er acceleratedn the Booster. Howeer, the Booster structure is still visible
and important when the secomlary beamgetsto the MIPP target.

The booster cortains 84 rf buckets of 18.83ns (53 MHz) separation. About 80 of these
buckets are lled with beam, four buckets form the extraction gapto the MI. The width of
the bucketsis ca. 1.7 ns, but canvary from 1.3to 2.8 ns depending on p-t phaserotation.

One boosterturn extracted into the Ml is called a booster batch, 80£ 19 nslong. The M
can hold multip le (up to six) bunches, but will have only one bunch for MIPP operation
(evenin double slow spill).

The 53 MHz clock from the Main Injector is available to the experimert.

Spill

The spill structure depends on the extraction mode. In ‘fast spll' all the beamfrom the Mi
is extracted in oneturn, i.e. the spll lasts for the duration of one booster batch, 1:52* s.

In resorant extraction (aka 'slow spill') a fraction of the protons in the bucket circulating



in the Ml is extracted eat time the bucket passeghe extraction section So the resuting
structure looks like many low intensity fast spills separated by the cirulation speedin the
MI. This is MI circumfererce, 3319.419meters, times the speed of light or 10:891s. The
entire slow spll takes(up to) one secorml.

http ://www-fmi.fn al.gov/fmiin ternal/MI _Tednical_Desigrin dex.itm| givesmore details on
the Main Injector.

Signals from the MI are available to tell the MIPP trigger the status of the extraction, e.g.
whenthe °attop starts and ends. Beamis extracted betweenthesesignals.

The trigger canimplemert a veto for beam everts outside the ° attop time window.

0.3.3 Overall

The repetition rate of slow spills is limited technically by the Ml and depends in practice on
the operating scerario. Slow spills may be minutes apart at worst or follow eat other with
3 secoml intervals. The administrativ e policy is that switchyard operations camot impact
the Tevatron by more than 5%. Testbeam and MIPP will share theseprotons. MTEST
demards are low.

0.3.4 Beam Comp osition

In the primary MIPP target 120 GeV/c Main Injector protons are corverted into the six
secomary beam species. The beam momertum on the secomlary target is selectedin the
MIPP secomary beamline. (The opening in the momertum collimator de_nesi—rf’ and the
~eld strength in the magrets de nesthe certral secomlary beammomertum.) The ratio of
particle speciesdepends on the selectedsecomary momertum and charge of the secomlary
beam. The primary intensity is setto optimize the yield of usefu secomlary interactions
(with the corstraint of 125k patrticles per secom or spill).

0.4 Hardw are

0.4.1 Detectors

Each MIPP detector (TPC, BeamClov, DCs, MWPCs, RICH, TOF, EMCAL, HCAL, ..)
is listed below with the signals it can possilly provide to form a trigger (Multip licity from
TOF, etc.) and with the signals neeced from the trigger electrorics, including timin g (adc
gates,tdc commonstops, etc.).



TOO, TO1 start counters

TheTO00, TO1 cownters are 1x6x6 cm quartz scirtillator counters located approximately 60 m
and 3 m upstream from the target, respectively. TO1 is one of the beamde nition counters.
TO1 also providesthe start time for the Time of Flight (TOF) counter. In addition, the
TO1-TOO time di®ererceis usedto distinguish betweenpions and kaors at the lowest energy
beamsetting (5 GeV/c) outside the range of the BCKV.

The detectorsare read out by ACME light guidesand four BC408 phototubes, one on eat
side. The signals are split 90/10 into TDC and ADC componerts. The splitters provide an
additional 250 ns delay for the ADC signals, which are read out by LRS 4300ADCs. The
TDC sigmals are discriminted by LRS 4415s,and then digitized in LRS2229s.

The trigger signals from thesecouwnters are formed from coincidence of three of the four
discriminated PMT sigrals.

0.4.2 Beam De nition and Veto Counters

The beam de nition is formed as the coincidence of TO1 and a similar counter positioned
just upstream of the rst beam Cererkov Counter. The upstream beamde nition counter
(Bdef) is not usedfor timing. This is left to TOO and TO1. Bdef is usedto ensure straight
trajectoriesthrought the beam Cererkov detectors.

The area of Bdef and TO1 is larger than the 2 inch diameter targets usedfor most of the
MIPP data taking. Further the Beam Cererkov counters can not work if two particles are
radiating in the Cererkov deca pipes. The Bveto counter addesseghesetwo isswes. It is a
pieceof scirtillator mounted next to TO1 with a 1.9 inch diameter hole in the certer and a
crosssectionareaof the beam Cererkov pipes.

Beam Cerenk ov Counters

The beamCererkov counters are intended to provide massiderti cation of the incidert par-
ticles, except at the lowestmomerta. Thereare two counters eat with two photomultip lier
tubes: one tube denoted as\in ner" and the other as\outer", accordng to the Cererkov an-
gular range covered Coincidencerelations may vary depending on momertum and polarity.

Output signals will tag the two minority particles, and thesein anticoincidence with the
TO coincidence, for examgde, would idertify the majority particle. All four, including TO,
would be scaled Ampli ed outputs from the four phototubeswould be provided for ADCs.
If the signals from the Cererkov tubes,rather than the TO sigral, are the latest to arrive at
the electronics rack, the outer tube of the upstream counter, BCKV1, would be the last. It
would arrive 100rs after the particle traversedthe primary mirror of BCKV1, or 60rs after



traversing the primary mirror of BCKV2, i.e.TO1. Processimg time for the NIM circuitry will
be approximately 70ns. All outputs should be scaled event gated and beamgated

Beam Wire Chambers
MIPP hasthree beamwire chambersusedfor 02in e beamde nition. The chambers, BC1,

BC2, BC3, are located 40.4,16.0,and 3.3 m upstream of the target, respectively. See E690
NIM for details.

Target Wheel

TPC

Drift Chambers

Threshold Cerenk ov Coun ter

The threstold Cererkov counter corsists of 96 PMT channelsthat are ead read out via an
analog (CAMA C ADCs) and digital (CAMA C TDCs) output. The analogoutput is delayed
via 60 foot RG58 calles, which is approximately 100ns. The ADCs arelocatedin the RR12
rack, which is betweenthe JGG and Rosiemagrets. The digital outputs run along twisted

pair ribbon cabes of similar length, but can be delayed furth er with little additional work.
Thus, the primary trigger requiremert is a gate that comesin time to read out the ADCs.

lowa Cham bers
RI CH
HCAL

ECAL
0.5 Trigger Design

0.5.1 Logic

The MIPP de nition for a beam candidate particle (BEAM ) is given by the Bdef and TO1
coincidence vetoed by Bveto:

BEAM = Bdef ¢Ty; ¢Bveto: (1)
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Table 1: Summary of Detectorsand Trigger Inputs.

| Detector | Module | Gate | Timing |

BC1-3 LRS 4291TDC |, 200ns after sigral 300rs dynamic range
BCKV LRS 4300ADC | 50{500ns, 20rs before unknown cable delay
DC1-4 LRS 4291TDC 300 ns dynamic range
PWC5&6 | RMH TDC unknown gate unknown dynamic range
TPC Clock Module |, 50 ns duration 4t sto GG and clock

LRS 4291 300ns dynamic range
CKOvV LRS 4300 300ns from TOF splitter boards

LRS 2229 unknown 150ns delay from cabe
TOF LRS 4300 50 ns 300ns from TOF splitter boards
RICH VME Latch 4t s pipeline delay
HCAL LRS 2249 » 200ns gate 300ns cabe delay
ECAL Nevis CAMAC 300ns cabe delay

Thesecounters provide an active areaof 6 cm, and their separation setsa maximum emittence
of approximately 1 mrad.

Particle iderti cationis achievedusing thetwo di®ererial BeamCererkov counters (BCKV).
The standard particle de nitions for most momerta are:

Yy, = BCK I ¢BCK 1oy ¢BCK 2 (B CK 24) ()
K = BCK 1, ¢BCK Loy ¢BCK 2, (B CK 2ou) 3)
p = BCKI, ¢BCK Loy ¢BCK 2, ¢BCK 2o (4)

(5)

Theinteraction trigger is de nedby themultip licity in DC1. The E690ampli er/discriminator
cards produce 8 and 32-wire or'ed outputs that are fed into LRS 4352modulesto form ana-
log sums of signals. The analog sum over threstold are then input into an LRS2365. An
interaction is de ned as greaterthan 2 hits on threeout of 4 planeson DC1.

Other potertial trigger signals are a multip licity sum from the TOF, and the abserce of
beam particle in DC4. The logic for thesesignals has not yet beenimplemerted.

Fig. 0.5.2 diagrams the full implemertation of the MIPP trigger. The raw beam trigger
signals are initially corverted to ECL for further fast processig. The LRS 4418is used
to enable timin g adjustmerts to be made remotely without breaking interlocks. All of the
beamlogicis implemerted via a double cascae of pairs of LRS 2365s.All raw and processed
triggers are read out by LRS 3777multi-h it TDCs to provide a compete time history of all
signals for a time window of 321 swith 500ps resoluion approximately certered around the
trigger sigral.

The trigger signals are corverted back to NIM logic in order to usethe FNAL PD-22 scale-
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Notes
TO0-TO1 difference counter has "long" response time

Legend Muon trigger will be out of time with PID trigger
Shades of blue — ECL signals 2 cosmic triggers: up and downstream going
Shades of red — NIM signals 2 pulser triggers: pedestals and calibration (LED’s)
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