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Collider Detector Concept
• Nearly 4!, hermetic, redundant, Russian-doll design
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CMS Hermeticity
• CMS calorimeter coverage:

– Central region: |!| < 3.0

– Forward region (HF): 3.0 <|!| < 5.0
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CMS Trigger TDR 3   Calorimeter Trigger Introduction
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3.3.1 Geometry and Definitions

Trigger Tower

The trigger tower (!,") dimension results from a compromise between the background

rate of the electron/photon trigger, which increases with the cell size, and the number of trigger

channels, which must be as small as possible for cost reasons. In total the CMS calorimeter trigger

has 4176 towers, corresponding to 2448, 1584 and 144 towers respectively in the barrel, end-cap

and forward calorimeters (Fig. 3.4). 

Each ECAL half-barrel is divided in 17 towers in ! and 72 towers in ", so that the

calorimeter trigger tower in the barrel has dimensions #!.#"=0.087x0.087. In the barrel the trigger

tower is formed by 5x5 crystals.

The ECAL trigger towers in the barrel are divided in strips. Each trigger cell has 5 !$

strips (one crystal along ! and five crystals along "). The strip information allows for a finer

analysis of the lateral energy spread of electromagnetic showers. The strips are arranged along the

bending plane in order to collect in one or two adjacent strips almost all the energy of electrons

with bremsstrahlung and converted photons (Fig. 3.5). 

In the ECAL endcap where the crystals are arranged in a x-y geometry, the trigger

towers do not follow exact (!,") boundaries (Fig. 3.6). The trigger tower average (!,") boundaries

are #!x#"=0.087x0.087 up to !%2. The ! dimension of trigger towers grows with ! as indicated

in Fig. 3.4 and Table 3.1. The number of crystals per trigger tower varies between 25 at !%1.5 and

10 at !%2.8.   

Fig. 3.4: Layout of the calorimeter trigger towers in the r-z projection.

!=2.1720
!=2.0430

!=1.8300
!=1.7400

!=1.6530

!=1.5660!=1.4790

!
=

1
.3

9
2
0

!
=

1
.3

0
5
0

!
=

1
.2

1
8
0

!
=

1
.1

3
1
0

!
=

1
.0

4
4
0

!
=

0
.9

5
7
0

!
=

0
.8

7
0
0

!
=

0
.7

8
3
0

!
=

0
.6

0
9
0

!
=

0
.6

9
5
0

!
=

0
.5

2
2
0

!
=

0
.4

3
5
0

!
=

0
.3

4
8
0

!
=

0
.2

6
1
0

!
=

0
.1

7
4
0

!
=

0
.0

8
7
0

!
=

0
.0

0
0
0

Scale

(meters)

0 1.00.5

4
.3

3
2
 m

5
.6

8
0
 m

2
.9

3
5
 m

3
.9

0
0
 m

1.290 m

1.811 m

2.900 m 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19

20

21

22

23

27

28

11

EB/1
24

25

26

!=3.0000

!=2.6500
!=2.5000
!=2.3220

!=1.9300

Tracker
EE/1

HE/1

HB/1

HF
!=5.0000

Thursday, April 2, 2009



MET Workshop @ UC Davis, 4/1/09 Greg Landsberg, MET in CMS 4

Monojets: Tainted History

[PL, 139B, 115 (1984)]
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Monojets: Tainted History

•These monojets turned out to be due to 
unaccounted background

•The signature was deemed doomed and 
nearly forgotten

•It took many years for successful monojet 
analyses at a hadron collider to be 
completed (CDF/DØ)

[PL, 139B, 115 (1984)]
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Why MET is Tough?

• Raw MET spectrum at the Tevatron 
and that after thorough clean-up

• Fake MET appears naturally in multijet 
events, which have enormous rate at 
the LHC

• Jets tend to fluctuate wildly:

– Large shower fluctuation

– Fluctuations in the e/h energy ratio

– Non-linear calorimeter response

– Non-compensation (i.e., e/h " 1)

• Instrumental effects:

– Dead or “hot” calorimeter cells

– Cosmic ray bremsstrahlung

– Poorly instrumented area of the 
detector

• Consequently, it will be a challenge to 
use in early LHC running

• Nevertheless, MET is one of the most 
prominent signatures for new physics 
and thus must be pursued
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MET Reconstruction and Performance
• Missing ET is based on the calorimeter information and 

defined as a 2D-vector sum of transverse energy 

deposits in the calorimeter cells:

• In case of muons in the event, it receives an additional 

correction:

• MET resolution in QCD events depends on total 

transverse energy deposit in the calorimeter and is often 

parameterized as a function of scalar ET sum over the 

calorimeter cells, or ST:

6

Noise Stochastic Constant Offset
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MET in CMS
• Parameters:

! A = 1.48 GeV

! B = 1.03 GeV1/2

! C = 0.023 (dominates at large ST)

! D = 82 GeV

! Apart from the resolution an 
important characteristic is the 
non-Gaussian tails

! Very hard to simulate; will have
to wait for real data to see how
large the effect is

! A few special cases have been 
looked at already, e.g. the 
effect of hot/dead channels

7

1%/3%/5%
hot/dead
channels

QCD Sample
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MET in Cosmic Ray Data
• Started commissioning of MET with cosmics data

• Focus on identifying calorimeter noise and developing filters 
to suppress it

• Not the final configuration of the detector; as a result of these 
tests the noisiest readout modules have been replaced

• Nevertheless the noise is under control for the trigger 
purposes and can be further reduced offline
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12-March-2009 / S.Kunori MET in the CRAFT Data 5

HPD Noise Spectrum
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CRAFT

Probability of physics events overlapping with HCAL noise is very small, but large noise 

will be picked up by jet/met trigger.  Need to identify and reject such junk events.

Mehmet Deliomeroglu

12-March-2009 / S.Kunori MET in the CRAFT Data 10

MET rates in CRAFT

Muon trigger

Jet trigger

after filter

no filter
4Hz at MET=100GeV

- x2 higher than CRUZET

A simple noise event filter using

- # of hits in HPD

- pulse shape

~20 (30) rate reduction 

at MET=40 (100) GeV

Additional cut using timing may 

reduce the rate further, but can not 

remove the HCAL noise events 

completely.

Next:  use hit pattern in eta-phi-

depth space and correlation with 

Muon and Tracker.

HCAL noise, in E

!"#$%&'(%')*+,%-&./+ 0$/1*23
! !"#$%& '()*+(,+,"%&-."'/+"01!2"(+34%&")&5"6(%5$7+,"-)(3+"

)#%$&',"%8"+&+(3."4&"01!29

!"#$%&'()$*$+,-#.$/$&%0)12($
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MET vs. MHT
• MET is prone to instrumental effects

– Hot/Dead calorimeter cells

– Muon halo

• On the other hand, true MET is dominated by clustered 

energy (jets, EM clusters)

– Unclustered energy is typically uniformly distributed

– Consequently, the effect on MET goes as sqrt("ET) (“random 
walk”) - equivalent to a slight increase in the stochastic term

• Most of instrumental effects won’t be reconstructed as 

clustered energy (passing basic quality cuts)

• Thus, an alternative to MET is MHT = -"E(j)
T

– Note that EM objects of sufficient energy are also reconstructed 
as jets

• CMS now uses MHT at both trigger levels and offline!
9
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MET Significance
• Consider event topology as well as resolution of individual 

objects,e.g. jets vs. EM objects

• Smear each object with its resolution and find the effect on 
MET

• Express the 
result in terms 
of significance 
(S) of MET not 
be consistent 
with zero

10
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(a) indicates that W → eν signal events exhibit large SH at the expected H/ T ∼ 40 GeV, and cor-644

respondingly the signal efficiency versus background efficiency shown in panel (b) confirms645

that the SH cut is the (slightly) more favorable choice. The non-smoothness in the efficiency646

curves in panel (b) is due to the use of weighted events in the background sample. For LM1,647

the scatter plot in panel (c) reveals that SH will have little impact on the analysis as H/ T is by648

itself an effective variable and significance has little to add. The efficiency plot in panel (d)649

shows that in fact the SH cut is less useful than the direct cut on H/ T for this mode.650

MHT ∼ 40 GeV, and correspondingly the signal efficiency versus background efficiency
shown in panel (b) confirms that the SH cut is the (slightly) more favorable choice. The
non-smoothness in the efficiency curves in panel (b) is due to the use of weighted events in
the background sample. For LM1, the scatter plot in panel (c) reveals that SH will have
little impact on the analysis as MHT is by itself an effective variable and significance has
little to add. The efficiency plot in panel (d) shows that in fact the SH cut is less useful than
the direct cut on MHT for this mode.

( )

W->enu W->enu

Figure 1: (a) SH versus MHT for W → eν; (b) signal efficiency versus background efficiency
for W → eν; (c) SH versus MHT for LM1; (d) signal efficiency versus background efficiency
for LM1.

5

Figure 14: (a) SH versus H/ T for W → eν; (b) signal efficiency versus background efficiency for
W → eν; (c) SH versus H/ T for LM1; (d) signal efficiency versus background efficiency for LM1.

12 E/T in Global Runs651

Data from CMS Global Runs enable us to study E/T measurement with the actual CMS detec-652

tor. We look at E/T in CRAFT run 67141, during which the CMS magnet was operated at full653

magnetic field (3.8 T). We consider three different level one triggers: random, cosmic muon,654

and calorimeter noise. The cosmic muon trigger was provided by the muon subsystems. The655

predominant contribution to the calorimeter trigger was noise in the HCAL barrel and end-656

caps (HBHE). The trigger was fired when and only when the sum of the (total) energy mea-657

MET

MET

MET is easy 
to fake, S # 0

MET is hard 
to fake, S $ 0

Significant improvement in signal 
vs. background separation for 

intermediate MET values
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MET Corrections and Clean-Up
• To improve the resolution 

and remove possible bias 

for events with true MET, 

we correct MET for

– Jet energy scale

– Hadronic tau’s

– Muons

• The non-Gaussian tails are 

reduced by jet quality cuts, 

e.g. pT/ET or EMF

• Philosophy: make MET 

look as good as possible
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JES corrections

EMF 
cut
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Conclusions
• Robust MET is crucial for many early searches at the LHC (cf. 

Meenakshi Narain’s talk)

• Yet, MET is one of the hardest objects to understand because of 
numerous instrumental effects

• At CMS, we have developed a number of handles for robust 
MET determination and a number of corrections to optimize MET 
performance

• MET triggering can be made robust using the MHT variable

• First MET validation results using cosmics look quite promising: 
MET trigger rate is under control

• MET clean-up tools based on cosmic data experience are being 
commissioned

• Number of tools exist to monitor MET performance online and 
offline

• Eagerly anticipate collision data to validate MET performance
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