
SLHC Trig ger Workshop Madison, Feb. 13, 2004

Super -LHC:
HCAL Trig ger & Physics Issues

James W. Rohlf
Boston Univer sity

Rohlf/SLHC – p.1/29



SLHC ZZ ! 4 lepton event

1033 cm� 2s� 1
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SLHC Charged par tic les
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SLHC LHC/SLHC comparison

LHC SLHC
pp c.m. energy 14 TeV 15 TeV

luminosity 1034 cm� 2s� 1 1035 cm� 2s� 1

collision rate 1 GHz 10 GHz

W/Z0 rate 1 kHz 10 kHz

bunch spacing 25 ns 12.5 ns

interactions per crossing 20 100
dNch

d� per crossing 150 750

track �ux @ 1 m 105 cm� 2s� 1 106 cm� 2s� 1

calorimeter pileup noise nominal � 2-3

rad. dose @ 1 m for 2500fb� 1 1 kGy 10 kGy
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PilePile--up Missing Etup Missing Et
Study done for  CMS. Three major  sources of detector  induced  missing ET
– incomplete angular  coverage, B field “ sweeping”  to small anglesand
calor imetr ic energy resolution. 

Clear ly need radiation hard calor imetry to go to smaller  angles – as C.M. 
energy increases particularly. Presently dose < 1 Grad at |hh| = 5.
At SLHC, pileup events create a background of ~ 5GeV *  sqr t(62) = 40 
GeV ET-miss / crossing. Fatal for W’ s, no problem for  SUSY.

Event Missing Et - 6.7 GeV Total

max y

B field

dE calor

<ET-miss>/minbias
event vseta coverage

Contributions to ET-miss for 
minbiasevents
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SLHC Radiation

neutron �ux at
L = 1035 cm� 2s� 1

dose (Gy)
2500 fb� 1
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SLHC Radiation summary

Dose at shower max in calorimetry for 2500 fb� 1

� ECAL (kGy) HCAL (kGy)

< 1.5 15 1
2 100 20
2.9 1000 200
3.5 500
5 5000

The dose rate in the barrel at SLHC is comparable
to that expected in the endcap at LHC.
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SLHC ECAL pulse shape

ATLAS liquid argon CMS crystal
Signal Shapes
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SLHC ECAL implications
� 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 (104 ! 7 � 103)

� End caps need redesign
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SLHC Calorimetr y Pulse structure vs. time

� scintillator time constants:
8, 10, 29 ns

� HPD time constant: 4 ns

� preamp time constant: 5 ns

0 25 50 75

E

0 25 50 75

E Phase adjusted

t (ns)
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SLHC Calorimetr y Pulse structure vs. time

� scintillator time constants:
8, 10, 29 ns

� HPD time constant: 4 ns
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SLHC Calorimetr y CMS HCAL pulse measurement

shift 40 MHz clock edge w.r.t. event time in 1 ns steps
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SLHC Calorimetr y CMS HCAL pulse measurement

time [ns]
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SLHC Calorimetr y CMS HCAL pulse measurement

Signal fraction in 1 timeslice
0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

S
ig

na
l f

ra
ct

io
n 

in
 2

 ti
m

es
lic

es

0.74

0.76

0.78

0.8

0.82

0.84

0.86

0.88

0.9

Signal fraction

13

19

1 25

e 30 GeV

Rohlf/SLHC – p.13/29



SLHC Calorimetr y 12.5 ns
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SLHC Calorimetr y time resolution
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SLHC Calorimetr y time resolution
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SLHC Calorimetr y continued

Replace CMS endcap scintillator with quartz?
Test beam results with production HF wedges, Aug. 2003

Time  [ns]
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full width = 7 ns

Issues:
� �tting in existing geometry
� photodetector (4 T �eld)
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SLHC New scintillator s R&D to make fast, rad. hard., eff.

Pulses from tiles read with multiclad WSF

12.5 ns

R. Ruchti et al., COMO 2003. Rohlf/SLHC – p.17/29



SLHC HCAL implications
� Scintillators can work in the barrel

BC ID is essential; faster is 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 < j� j < 4:2 instead

of 3 < j� j < 5:0 keeps dose constant).

Rohlf/SLHC – p.18/29



J. Freeman   FNAL  Oct 17, 2003 48

Hadron ColliderHadron Collider -- DijetDijet dMdM /M/M
A series of Monte Carlo studies were done in order to 
identify  the elements contributing  to the mass error.  
Events are low PT, Z -> JJ. dM /M ~ 13% without FSR.

Z -> JJ , Mass Resolution 

dE (Calor)

Fragmentation

Underlying Event

Radiation

B = 4 T

FSR is the 
biggest effect. 
The
under lying
event is the 
second largest 
error  (if cone 
R ~ 0.7). 
Calor imeter
resolution is a 
minor  effect.
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SLHC Trig ger issues

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

cone of size
p

(� � )2 + (� � )2 = 0:5
has 70 pion pileup ET = 42 GeV

� 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 bandwidth

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!):

R = (106 Bytes)(105 s� 1)
500 = 200MBytes=s

This is dominated by tracker data ! � 10 at SLHC.

An order of magnitude increase in bandwidth is needed.
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SLHC Trig ger CMS calorimeter

S. Dasu, University of Wisconsin October 2003 -  3

Current AlgorithmsCurrent Algorithms
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SLHC Trig ger CMS calorimeter
� Jets

granularity � � � � � = 0:37� 0:37 ! 0:087� 0:087
� Missing ET

granularity � � = 0:37 ! 0:087
� Electron

� 0 veto and track match
� Tau

isolation � � � � � = 1 � 1 ! 0:5 � 0:5

) increased data sharing, adders, and memory
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SLHC Trig ger implications

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

� Level-1 thresholds (GeV)
LHC SLHC
CMS DAQ TDR estimate

inclusive muon 20 30

muon pair 5 20

inclusive isolated e=
 34 55

isolated e=
 pair 19 30

inclusive jet 250 350

jet �MET 113�70 150�80
lepton � Jet and tau-jet triggers may be important.
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SLHC Data Links CMS HCAL

GOL
3k links

16 bits @ 80 MHz

LVDS
200 links

32 bits @ 40 MHz

Vitesse
500 links
1.2 Gbit/s

Front end Readout
Module

Data
Concen-

trator

Level-1
Trigger

TTC
trigger timing

& control

TTC TTC TTC

SLINK
32 links

64 bits @ 100 MHz
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SLHC Electr onics technology

� 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
in 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
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SLHC Boston prototype boar d
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