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Super-LHC:
HCAL Trigger & Physics Issues

James W. Rohlf
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SLHCZZ ! 4 lepton event
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SLHC Charged particles
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SLHC LHC/SLHC [sJgaleE o]y

LHC
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Pile-up Missing Et

Study done for CMS. Three major sour ces of detector induced missing E;
—incomplete angular coverage, B field “ sweeping” to small anglesand
calorimetric energy resolution.

> Clearly need radiation hard calorimetry to go to smaller angles—asC.M.
energy increases particularly. Presently dose < 1 Grad dt||=5.

> At SLHC, pileup events create a background of ~5GeV * sqrt(62) = 40
GeV E;-miss / crossing. Fatal for Ws, no problem for SUSY.

Event Missing Et - 6.7 GeV Total

Emax y

B field

OdE calor

<E;-miss>/minbias
event vs eta coverage

Contributionsto E-miss for

J. Freeman FNAL Oct 17, 2003 minbias events
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dose (Gy)
2500 fb 1

RohIf/SLHC — p.6/2¢



SLHC Radiation ESulntn,

Dose at shower max in calorimetry for 2500 fb *
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The dose rate In the barrel at SLHC is comparable
to that expected in the endcap at LHC.
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SLHC ECAL Jil=¥ k1ol

ATLAS liquid argon CMS crystal

Signal Shapes
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SLHC ECAL Hagllile=iile]gls

Crystals can work in the barrel
sampling at 40 MHz with BCID

ATLAS study with full simulation:
electron ef ciency Is maintained (81% ! 78%)
jet rejection decreases 1.5 (10*! 7 10°)

End caps need redesign
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SLHC Calorimetr y EaHES w0 [(cRM13y]=

scintillator time constants: HPD time constant: 4 ns

8, 10, 29 ns preamp time constant: 5 ns
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SLHC Calorimetr y EaHES w0 [(cRM13y]=

scintillator time constants: HPD time constant: 4 ns

8, 10, 29 ns preamp time constant: 5 ns

Phase adjusted
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S (o0 o] dIn (1@ CMS HCAL pulse measurement

QIE pulse e 30 GeV (1ns)
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S (o0 o] dIn (1@ CMS HCAL pulse measurement

Signal fraction e 30 GeV
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SLHC Calorimetr y gRsgis
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SLHC Calorimetr y ElntERESe)Eiie]y

- 225 GeV piop:
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SLHC Calorimetr y ElntERESe)Eiie]y

- 225 GeV piop:
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SLHC Calorimetr y gelolgiilglil=le

Replace CMS endcap scintillator with quartz?

Test beam results with production HF wedges, Aug. 2003

full width = 7 ns

250 300

Issues: Time [ns]

tting In existing geometry
photodetector (4 T eld)
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SLHC New scintillator S Ix&ApRteRic oMM

Pulses from tiles read with multiclad WSF

R. Ruchti et al., COMO 2003. RoNIf/SLHC — p.17/2¢



SLHC HCAL [giggfe]lfef=Nile]alS

Scintillators can work in the barrel
BC ID Is essential; faster iIs better.

End caps need redesign

Forward calorimetry needs to be upgraded
Can give up some rapidity coverage to get out of
most severe radiation zone (3< | | < 4:2 instead

of 3< | | < 5.0 keeps dose constant).
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l:. Hadron Collider- Dijet dM/M

& A series of Monte Carlo studies were done in order to
identify the elementscontributing to the masserror.
Eventsarelow P;, Z -> JJ. dM/M ~ 13% without FSR.

Z ->JJ , Mass Resolution FSR iS the
biggest effect.
The
underlying

@ dE (Calor) a/ent IS the
Fragmentation second lar geg:
O Underlying Event .
0O Radiation error (If Cone
ws =47 R ~0.7).
Calorimeter
resolution isa

minor effect.

J. Freeman FNAL Oct 17, 2003




SLHC Trig ger QS

Occupancy: pileup & increased event size
affects electron, muon, jet, missing E

Rates
) Increase thresholds

Radiation
single event upsets in on-detector electronics

High-Level Trigger (100kHz! 100Hz)
10,000 CPUs needed
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SLHC DAQ LeElalolWilolis

LHC event size is 1 MByte.

Level-1 trigger rate is 100 kHz.

Number of CMS data links is 500.

Average data rate on DAQ link (with large uctuations!):

_ (10° Bytes)(10° s 1) _
This iIs dominated by tracker data ! 10 at SLHC.
An order of magnitude increase in bandwidth is needed.
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SLHC Trig ger [elYExe=1lelglp =11

Current Algorithms

er 2003 - 3
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SLHC Trig ger [elYExe=1lelglp =11

Jets

granularity = 0:37 037! 0:.087 0:087
Missing Et

granularity = 0:37! 0:.087

Electron

0 veto and track match
Tau

ISolation =1 1! 05 05

) Increased data sharing, adders, and memory
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SLHC Trig ger Hlollfelie]gs

80 MHz level-1 pipeline “seems” to be essential
BC ID is for each subsystem

Level-1 thresholds (GeV)

CMS DAQ TDR | estimate

inclusive muon

muon pair

Isolated €= pair

inclusive isolated €=

30
20
55
30
350

Inclusive jet

jet MET 113 70 150 80
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SLHC Data Links [eiYEiz[e7:\R

TTC TTC TTC

trigger timing
& control

Readout

Module >

LVDS
200 links
32 bits @ 40 MHz

Vitesse
500 links
1.2 Ghit/s

Level-1

Trigger

RohIf/SLHC — p.25/2¢



SLHC Electr onics gi=ealgle]le]e}%

LHC now uses 0.25 m technology. In 2010, the
microelectronics industry will be using 40 nm.
SLHC can look at 130 nm now and 65 nm in
2008-9. This would give 16 more gates.

Fabrication on 12-inch wafers implies complex
software for layout.

Present links use 1-2.5 Gbits/s. Industry now uses
10 Gbits/s and R&D is on 40 Gbits/s. SLHC needs
the bandwidth of these fast links.

Use wireless for communication to reduce material
INn tracker.

see P. Sharp, LECC 2003 for more detailed list.
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SLHC Boston R&D Interests

80 MHz HCAL pipeline
Con gur able Trigger based on high-speed FPGAs
HLT Bandwidth

Rohlf/SLHC — p.27/2¢€



SLHC Boston prototype board

Adaptive
Cable
Equalizer

Teradyne VHDM

Backplane Connector

"Infiniband" Connectors (HSSDC2)

Stratos Optical Tx/Rx
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Local bus

VME Interface

VMEDbus

Test Site
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