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The CMS Level 1 Trigger
Algorithms & Performance
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Level-1 Trigger

! Calorimeter Trigger
" E/gamma
" Jet (inc Tau)
" Total/Missing Et

" Hadronic Et

! Muon Trigger
" Muons ...

! Trigger Tables
" 2x1033  cm-2s-1

" 1034  cm-2s-1

! Some figures...
" pp interaction rate : 109 Hz
" Crossing rate : 40 MHz
" L1 accept rate : < 100 kHz
" L1 latency : < 3 µs

! Sub-detectors :
" EM calorimeter
" Hadronic calorimeter
" Muon chambers
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L1 Calorimeter Trigger

HCAL
Trigger

Primitives
Generator

Regional
Calorimeter

Trigger

ECAL
Trigger

Primitives
Generator

Global
Calorimeter

Trigger

4 Isolated EM
4 Non-isolated EM
4 Central jets
4 Forward jets
4 Tau jets
Missing Et
Total Et
'Hadronic' Et

18 crates
x

4 Isolated EM
4 Non-iso EM

Et Sums

MIP & Quiet bits

To Global Trigger :

To Global Muon Trigger :
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L1 Trigger Towers
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# 1 tower = 5 x 5 crystals # 28 towers in η, 72 towers in φ

# Forward calorimeters have 
coarser granularity
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Electron/Photon Algorithm

Sliding window centered on all
ECAL/HCAL trigger tower pairs

Max E
t
 of 4

Neighbors

Hit + Max
E

t
 > Threshold

Hit

Max

Candidate Energy:

Hit

0.087φ 

0.087 η 

Max

Had

EM

0.0175 η

0.0175 φ
η

φ! All candidates
" Central tower hit
" H/E < threshold (5%)
" FG veto (lateral shower 

shape)

! Isolation criteria :
" Neighbours quiet
" FG & H/E veto on 

neighbours
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Jet Algorithm

Trigger
Tower

ECAL

HCAL
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4x4
Region

PbWO4
Crystal

 = 02 4
!

C
e

n
t

r
a

l
 

r
e

g
i

o
n

 
" Et>  t h r e s h o l d" Et>  n e i g h b o u r s

! =

1 2
1 2

x t o w e r t j e t t E E



Jim Brooke, University of Bristol B/Tau Workshop, Helsinki 2002

Tau Algorithm

Trigger
Tower

ECAL

HCAL

 = 0.348
4x4

Region

PbWO4
Crystal

 = 1.04

{
! Improve efficiency for 

hadronic τ decays

! Regional τ tag
" hit towers not in one 

of 8 patterns

! Jet τ tag
" all 9 regions 

conform

Full details in talk by A. Nikitenko !
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Muon Barrel
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Muon Endcap

# 6 layers radial strips / station

# 6 layers tangential wires / station

# 540 CSCs

# RPCs also used
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L1 Muon Trigger

RPC
hits

CSC
hits

DT
hits

PAttern
Comparator

Trigger

local trigger

track segments

local trigger

track segments

regional trigger
Endcap Track Finder

regional trigger
Barrel Track Finder
≤ 4 muon candidates

(pt, η, φ, quality)
≤ 4 muon candidates

(pt, η, φ, quality)

≤ 4 barrel +
≤ 4 endcap

muon candidates
(pt, η, φ, quality)

≤ 4 muon candidates
(pt, η, φ, quality)

Global Muon Trigger
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Drift Tube Local Trigger

Phi Trigger Board 1

Theta Trigger Board 1
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Outer
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X

K

D = 23.7 cm cor

cor

BTI

TRACO

Outer SL

Inner SL

TRIGGER SERVER

Server Board

9+2

25

full tracks

 To Sector
Collector

TSMS

TSMD

TSMD

25

full tracks

16

previews

20 bit 

BTI

x 32

BTI sel

30 bit 

Bunch & Track ID -
for each superlayer 
(2 × φ, 1 × θ)

Track Correlator -
match φ segments

Trigger Server �
sort matched tracks 
(φ) and qualify (θ)
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Barrel Track Finder

extrapolation
result "1/0"

track found
(TS1, TS2, TS3, TS4)

Track
Assembler

Pairwise Matching
- Extrapolation

TS1, TS2,
TS3, TS4

pt

A
ss

ig
nm

en
tU

ni
t

tr
ac

k
cl

as
se

le
ct

orextrapolation
window

muon station 4

muon station 3

muon station 2

muon
station 1

track segment

φ2 - φ1

Assignment
Unit

 

 

quality

72 VME boards
 in Counting Room

Extrapolate track 
segments to outer 
stations (6 pairs)

Find all tracks with ≥ 2 
segments

Validate tracks by 
requiring all possible 
matches e.g.

(1-2, 2-3, 1-3)

(1-2, 1-3, 1-4, 2-3, 2-4, 
4-3)

Assign quality based 
on # segments
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CSC Local Trigger

Anode LCT ca rds

Hits

LCT
(>=4)

Time (Xings)

1
2
3
4
5
6

Early
n/
hit

Xing
(>=2)

Ca thode LCT cards

Strips

Layer

2
3
4
5
6

1

Anode wires perp. to strips -
measure η

Also used in trigger for BX ID

Radial cathode strips measure φ 
coordinate & bending angle

(+ vertex constraint → pt )
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Endcap Track Finder
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L1 Muon Trigger
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RPC Trigger

2T

4T ×

...  9   8   7   6   5   4   3   2   1   0

4     0

5     1
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8     5

MS 4

MS 3

MS 2
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L
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T
C
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S

LATCHES

pt

coding

! Algorithm now extended to include all 6 RPC layers
" Reduces fake rate due to noise...



Jim Brooke, University of Bristol B/Tau Workshop, Helsinki 2002

L1 Global Trigger

! e.g.
" ee + Et

miss OR  µµ + Et
miss

! 128 trigger algorithms
! Including cuts on

" Et (or pt)
" η, φ, ∆η, ∆φ

! e.g.
" 2 back to back electrons

ET
missing

OR

Particle Condition for
missing ET

Particle Conditions 
for muons

Particle Conditions 
for isolated electrons

ET(eis.) > ET(eis.)
threshold pT(µ) > pT( )thresholdET

missing > ET
threshold

OR

ALGORITHM  AND-OR

ANDAND

eis.

ET
missing

eis.

µ

eis.(1)

eis.(2)

ET(1) > ET(1)threshold

ET(2) > ET(2)threshold

0o < φ(1) < 360o

0o < φ(2) < 360o

170o  |φ(1) - φ(2)| < 190o<
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Tau jets
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improved τ efficiency 
at lower Et

! Full efficiency 
requires jet trigger as 
well

! Turn-on curve not 
really meaningful...

See talk by 

A. Nikitenko !
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! Vector sum of L1 towers

! Output to Global Trigger includes azimuthal angle

Missing Et
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Total Et & �Ht�
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Muon Trigger Turn-on

 (GeV/c)T,genp
0 20 40 60 80 100

D
T

 E
ff

ic
ie

n
cy

 (
%

)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

DTBX

 (GeV/c)T,genp
0 20 40 60 80 100

R
P

C
 E

ff
ic

ie
n

cy
 (

%
)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

brlRPC

 (GeV/c)T,genp
0 20 40 60 80

G
M

T
 E

ff
ic

ie
n

cy
 (

%
)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

brlGMT

 (GeV/c)T,genp
0 20 40 60 80 100

C
S

C
 E

ff
ic

ie
n

cy
 (

%
)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

CSC

 (GeV/c)T,genp
0 20 40 60 80 100

R
P

C
 E

ff
ic

ie
n

cy
 (

%
)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

fwdRPC

 (GeV/c)T,genp
0 20 40 60 80

G
M

T
 E

ff
ic

ie
n

cy
 (

%
)

0

20

40

60

80

100

10 GeV/c
20 GeV/c

30 GeV/c
40 GeV/c
50 GeV/c
60 GeV/c

fwdGMT

H
. S

ak
ul

in
 (u

pd
at

ed
 fr

om
 C

M
S 

N
ot

e 
20

01
/0

03
)



Jim Brooke, University of Bristol B/Tau Workshop, Helsinki 2002

GMT Efficiency
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GMT Efficiency
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Muon Rate

Rate from whole detector, |η| < 2.4
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Calo Triggers
2x1033 cm-2s-1 luminosity

11.8Total Rate
11.80.33725ee(NI)

11.80.25145e(NI)

11.80.6470400Ht

11.70.041200600Total Et

11.70.780 & 15060 & 90j ⋅ Et
miss

11.50.4125 & 14010 & 75e ⋅ Et
miss

11.20.01200140Et
miss

11.20.8-10 & 75e ⋅ τ

11.00.415 & 12510 & 100e ⋅ jet

10.90.35350jjjj

10.80.87160jjj

10.62.111390jj

10.43.2134110j

8.80.7-75ττ

8.84.9-85τ

4.00.21915ee

3.93.92721e

Cum. Rate 
(kHz)

Ind. Rate 
(kHz)

95% Eff. 
(GeV)

Threshold 
(GeV)

Trigger

CMS IN 2002/019 � P. Chumney, S. Dasu, W. Smith



Signal Efficiencies - 2x1033

τ (15) 46j (30) 43j ⋅ mEt (39) 3946H120 → invisible

jj (29) 52τ (29) 52j (39) 45jjj (23) 2352H120 → bb

j (99) 9999mSUGRA

j (50) 70jj (40) 63jjj (47) 57jjjj (34) 48Ht (39) 3970t → jets

jj (89) 99j (98) 99ττ (64) 94τ (94) 9499H500 → ττ → jj

jj (40) 87j (54) 87ττ (50) 82τ (80) 8087H200 → ττ → jj

j ⋅ mEt (60) 99j (94) 99τ (86) 8699H±
200 →

j (44) 83τ (41) 84e ⋅ j (46) 80e ⋅ τ (46) 76e (67) 6783H135 → ττ → ej

j (39) 86e ⋅ j (39) 84τ (38) 82e ⋅ τ (43) 80e (76) 7686H150 → WW → eνX

ee (82) 99e (99) 9999H115 → γγ

ee (76) 94e (93) 9394Z → ee

e ⋅ j (54) 92τ (59) 89e ⋅ τ (62) 85e (81) 8192t → eX

e (69) 6969W → eν

Trigger efficiencies by type (individual) cumulativeEff. (%)Channel

CMS IN 2002/019 � P. Chumney, S. Dasu, W. Smith
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Calo Triggers
1034 cm-2s-1 luminosity

12.9Total Rate
12.90.23025ee(NI)
12.80.76055e(NI)
12.30.031000Total Et

12.30.180 & 100j ⋅ Et
miss

12.20.00515 & 100e ⋅ Et
miss

12.20.005150Et
miss

12.21.415 & 90e ⋅ τ

11.80.220 & 16515 & 150e ⋅ jet

11.60.210580jjjj
11.60.7125100jjj
11.30.4225200jj
11.20.4285250j
10.92.580ττ

8.71.3150τ

7.50.62015ee
7.27.23530e

Cum. Rate 
(kHz)

Ind. Rate 
(kHz)

95% Eff. 
(GeV)

Threshol
d (GeV)

Trigger

CMS Note 2000/074 � P. Chumney, S. Dasu, W. Smith
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Muon Triggers

1034 cm-2s-1 luminosity

12.90.65, 60µ ⋅ Et
miss

12.9Total Rate

12.60.65, 400µ ⋅ Total Et

12.30.85, 80µ ⋅ j

12.00.45, 70µ ⋅ τ

11.91.75, 22µ ⋅ e

10.42.85, 8µµ

8.18.125µ

Cumul. Rate 
(kHz)

Indiv. Rate 
(kHz)

Threshold 
(GeV)

Trigger

Overlap with pure calorimeter triggers 
deducted from cumulative rate figures

CMS Note 2000/061 � M. Fierro, A. Jeitler, M. Konecki
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Signal Efficiencies - 1034

CMS Note 2000/074 � P. Chumney, S. Dasu, W. Smith

jmEtj ⋅ mEt56H120 → invisible

jjjτττ86H500 → ττ → jj

jjjτττ60H200 → ττ → jj

e ⋅ je ⋅ τjτe74H200 → ττ → ej

e ⋅ je ⋅ τjτe72H135 → ττ → ej

eee99H110 → γγ

Triggers usedTotal Eff. (%)Channel

NB. Total efficiency here is calculated with respect to 
�offline� cuts on generator level quantities
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