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Anomalous Events in HF

Two main sources of anomalous events in HF

HF PMT Window Events (topic of this review)
Replace PMTs with thinner window
Additional handles to identify anomalous events
Multi-channel readout
Finer time resolution

Late hits from scintillation light
Plan to replace light guides
More details in Taylan’s talk
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Noise Working Groups

The software infrastructure to treat anomalous events was started when they
were first observed

HCAL DPG Noise Task Force was established to study the properties of
Noise

CMS established the Anomalous Signals in Calorimeters Task Force
(ASCTF) to coordinate the treatment of noise filtering and to provide official
recommendations to CMS

Provided recommendations for the ICHEP dataset

HCAL DPG Noise Working Group established to develop filters to treat
residual noise

Represents the work of many people... including work needed to develop
the software framework
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Hadronic Forward Calorimeter
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Forward Calorimeter (HF)

HF is located about 11 m from the interaction
point, covers 3 < |n| <5 with depth 10 A4,y | Ay (143 cm)

Consists of iron absorber embedded with quartz
fibers parallel to the beam direction in
a 5x5 mm matrix

EM (165 cm)

Charged particles from showers produce
Cherenkov light

HF signal generation and collection is very

fast ~10 ns
Short Fibers Start
| HF Digi
HF PU|SjI —
_‘ —___ e —
25 ns time samples 100 GeV e-
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Filters to Remove HF Anomalous Events

Filters based on topology (isolation)
PMT window events typically have large energy in
either the long or short sections with no significant
energy in the corresponding short or long sections

Filters using timing or pulse shape

PMT window events produce pulses that arrive earlier
than the scintilation light produced in the absorber

Detalls of the filters can be found in: CMS DN-2010/008
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Evolution of the Topological Algorithm

Algo 1) HCAL DPG, tcMET
R =|L-S|/(L+S) > R_Th
EorEt>E Th

Original algorithm
E, ET thresholds were too low

Algo 2) HCAL DPG
Polynomial Energy Threshold (PET)
R = (L-S)/(L+S)

E > E_Th(iEta) Optimization of E threshold

Algo 3) PFlow, HCAL DPG
Short; S/L Simple cuts (Algo 1) were removing
Long: S9/S1 energy in physics MC

Isolation criteria introduced by PFlow
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Topological Filter
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Algorithm 2: E > E_Th(iEta)
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Algorithm 3: S9/S1

Introduce Isolation to make the E > E_PET(iEta)

algorithm “safer” S9/S1 < f(E, iEta)
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Flagged Noise in the 7 TeV Data
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Mis-ldentified Noise in MC Samples

[ h_HFRecHRET_S |

h_HFRecHIET &

MC MinBias Ns=7 TeV

I I Flagged by V2 cleaning

Entriss 1752042808
Mean 0.5078
RMS 0.1008
Undarfice ]
Crvsrflow ]
Integral 1752808
n_HFRecHRET_%_Flagpsd
Enfries 33,
Mean 1.776
RMS 0.855
Underflow 1]
Overflow 1]
Integral 3351

MC QCD_FlatPt Js=7 TeV

All
I I Flagged by V2 cleaning

180 200 220
E; [GeV]
h_HFRecHItET_S
Entriss 530453688-07
Mzan 0538
IIIIIII|IR“s 04518
Undarficw 0
Crveriow 0
Integral 5305807
M_AFRecHRET_%_Fiagpsd
Enfries 1200
Mean 1.889
RMS 0.8539
Underflow 0
Overflow ]
Integral 1200

[ h_HFRecHItET_S | h_HFRecHIET_S
= = Enfrles 5530276807
1@ LI | TTT | TTrT | TTT | TTT | TTrT | TTT | T 1T T 17T | TT1 7T | ;:1 :
MC QCD_PtB0 \s=T TeV Ingsriow o

10 Cvarfiow 0
— A integral 5.938+07

g h_HFRecHIET_5_Flagged

10 | I Flagged by V2 cleaning Entries 1467
Mean 1.951

1w RMS 0.9336
Underflow 0

Overflow 0

ot Integral 1467

[ h_HFRecHIET_S |

MC SinglePhotons

All
I ’ I Flagged by V2 cleaning

! 20 40 &0 80 100 120 140 160 180 20&[%%%]
E. of mis-flagged rechits is very small...

Er [GeV]
h_HFRecHItET_S
Entries ABATT20
Mean 1.028
RMS 1.487
Underflow o
Overflow o
Integral 4 84Be+06
T_RFReCcHlE]_S_Frlagged
Entries 20
Mean 2.229
RMS 0.7251
Underflow 0
Overflow 0
Integral 20

1 IIIIII| 1 IIIIII‘ 1 Illllli 1L

HCAL DPG

Frank Chlebana



Mis-ldentified Noise in MC Samples
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Expected HF PMT Hit Rate
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HF Timing Global Phase
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Early pulses will have some signal in previous TS
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HF Timing to Identify Early Hits

7 TeV collision data was used to align the phase of the HF
channels to within a few ns .
HF Digi
Particles hitting the PMT window can arrive earlier than the :
light signal from showing particles in HF =

Pulse
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Time vs Pulse Shape

Pulse Shape Timing algorithm is still being commissioned
i Uses:
i _— Average pulse shape (obtained from scans)
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= Pulse shape will depend on energy and

t, ns

TS=N TS=N+1 varies from channel to channel

Can use a pulse shape variable to identify anomalous signals
In HF (TS4/4TS)

1S4 Charge in nominal TS

4TS Sumof4 TS (N-1... N+2)
Less sensitive to some assumptions used in the time algorithm
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HF Anomalous Event Filter Performance

Pulse Shape filter (TS4/4TS) has similar rejection power as a time based cut
Apply both the topology and pulse shape filters

Long fibers Short fibers

| _tRecLE>40 | [Infegrall 1:0626%05]] | tRec S E>40 %
10° = non-PMT | Integral  1.924e+05 | Integral 1.838e+05
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10°E PMT Al Al
AL TS4/4TS 10° TS4/4TS
V1 HF PMT Hit | ¢ ; V1 HF PMT Hit
10° | e
10

102

1 1

=30 20 10 0 10 20 30 40 50 60 =30 20 10 0 10 20 30 40 50 60
t, ns t, ns
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Filter Development/Software Infrastructure

A flexible software framework was developed to flag/remove
channels (rechit) that have been identified as noise

Flagged channels are removed from the basic reconstructed
object (CaloTower) from which the physics objects using
Calorimeter information are derived (jets, MET, ...)

Digitized Data — Reconstructed Energy — Calorimeter Towers — Physics Objects

Filter development included feedback from the physics objects
groups and their approval

HF Filters are applied during data processing and all analyses
start from the same cleaned objects...
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MET

MET — V1 HF PMT Hit

MET — TS4/4TS

MET — TS4/4TS + V1 HF PMT Hit

Hi JT”IMTHHH.H.H.W | P

0 50 100 150 200 250 300
MET, GeV

Recommend to apply both the HF PMT Hit filter and the new
pulse shape filter to remove anomalous HF signals
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h_CaloMET

h_CaloMET clean
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G4 Simulation - Production points of (parent) particles
hitting PMT Windows and leaving signal > 50GeV
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Most HF Window Hits are from muons produced by decays in flight (62%)
and hadronic shower punch through (38%)
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HF PMT Hit Simulation
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For events with irreducible noise, e.g. jets with PMT hits another approach
maybe needed: Simulate the noise production mechanism.

Substantial effort to put HF PMT hits in simulation. Preliminary results are
very encouraging. Fiber bundles are being put into simulation.

Similarly HPD ion feedback noise simulation, HPD/RBX noise data mixing
with MC data are being developed

HCAL DPG
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fiber bundle
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Reconstructed timing distribution has several time bands:

3.7% PMT hits
96% HF absorber hits mostly

0.65%
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0.02% _
Long Fibers
407 L_tRec L E>40 Integral  3.851e+05 |
[ Integral _ 6.731e+05 | 1¢°
10° [ Integral _ 2.345e+07 |
All 10°
10° Time/Shape

Topological

10°
10°

10°
10

|||||rrr| | |||||rrr|_|_|'|'|'|TI]_I_I'ITI1Tr|_I_|'|1TrrF— U‘] _r_\., m M |_'4.

10°

10°

10°

10

Short Fibers

tRec S E>40 | Integral __8.307e+05 |
Integral  6.432e+05
_Integral  7.124e+06

All
Time/Shape
Topological

T IIIII|T| T IIIIIII| T IIIIIII| T IIIIIII|

30 20 10 O 10 20 30 40 50 60 130 20 -10 0 10 20 30 40 50 60
t, ns t, ns
HCAL DPG Frank Chlebana 28



107
10°
10°
10°
10°

10°
10

Default

vs New Time Reconstruction

10°

Time/Shape
Topological

-30

| tRee L E>a0 | Integral __ 3.851e+05 |
[ Integral  6.731e+05 |
[ Integral 2.345e+07 |

All

10°

10*

10°

10°

10

tRec SE>40 | | Integral  8307e:05 |
[Integral  6.432e+05
[Integral _ 7.124e+06
Al Default
Time/Shape

Topological

20 -10 O 10 20 30 40 50 &0 =30 -20 -10 0 10 20 30 40 50 60
t, ns t, ns
¥ T B
tRec LE>40 |~ [Integral 9.601e+05 | tRecSE>40 | [lIntegral 2 784e+05
1052 [ Integral 2.904e+04 | n“f Integral 2.75e+04
- 10°
104 All - All New
. - Time/Shape 10° Time/Shape
10°¢ Topological - Topological
B 10°
10° ¢ -
10 i 10
: N

-20

-20 10 © 10 20 20 40 S0 &0

t, ns

=10 0

10 20 30 40 50 60
t, ns

HCAL DPG

Frank Chlebana

29



New Time Reconstruction Algorithm

Structure in the time distribution is an artifact of the time algorithm, pulse
shape (10 ns), and wide sampling window (25 ns)

Default time reconstruction algorithm uses correction function based on
old pulse shape from test beam data and 3TS
TSMax-1, TSMax, TSMax+1

The new time reconstruction algorithm uses a fit to the measure pulse shape
from collision data and 2TS
2 adjacent Maximum TS
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Late Energy Deposits in HF

Covered PMTS (iIEta=29)

Non-covered PMTS (iEta=29)
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HCAL DPG Frank Chlebana 31



RecHits Flagged as Noise in HF

Covered PMTS (iIEta=29) Non-covered PMTS (iEta=29)

10% = L 10° E L
[ 107 =
10 3 i | ! =
- J 10
B 1; 2 1.3 4 5 3 5
15 5 -
N o o L I gl
20 -1 D 0 10 20 30 40 50 ) Eli_.li'.; = 20 30 40 50 60
t,ns
B htLtot
Bl h Total Entries 521 10° | L
i Mean 105.2 o 1
-1 RMS 52.95 2
Underflow 0 .
; 2 Overflow 0 1“2 E 2
10 _ 3 Integral 521 o 4
4 L 10l 5
5 :
1 J-l 1E
0" 100 200 300 400 500 600 700 500 0 100 200 300 400 500 600 700 800 900 1000
E., GeV E, GeV

Late hits in “band 3” do not appear in the covered PMTs
Band 3 events have a harder energy spectrum
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t Time Bands
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Time for RecHits Identified as Noise

IEta = 30 IEta =35 ~ IEta=41
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Better separation of early/nominal pulses for larger iEta
Fiber path length is shorter for low IEta
Higher rate of late hits for HFM
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Number of Noise Events for E>EXx
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We observe a higher rate of late hits for HFM
Light guide different in iphi=3

Covered
PMTs

N 6-15ns HFP

40 -38 -36 -34 -32 -30 38 40
in+1-depth/2 m-1+depth/2

30 32 34 36

|lgor Vodopivanov, HF noise hits, Juky 2010

13
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E Spectra for Band 3 Events (E>40 GeV)

HFEM/HFP = 39032/22436 = 1.7x
iEta=3: 14120/(22436/35) = 22x
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Summary of HEM/HFP Rates

HFM/HFP
Time Band 1 1.02
Time Band 2 0.96
Time Band 2 (noise) 1.23
Time Band 3 1.58
Time Band 4 3.74
Time Band 5 2.45

Error
0.01
0.01
0.01
0.01
0.06
0.10

Similar rate of PMT Window events (Time Band 1) for HFM and HFP

Similar rate of in-time physics signal (Time Band 2) for HFM and HFP

We observe a higher rate of in-time noise (Time Band 2) for HFM

We observe a higher rate of late noise (Time Band 3-5) for HFM
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Rates for Events in Different Time Bands

Rate for E>Ex |_ | _ Rate for E>Ex |_

i3 r*;ois

1 1 1 1 1 | 1 1 1 1 | L1 11 | 1 1 L | 1 11 £ 1 1 1 i 1 11 1 | 1 1 1 1 | 11 1 1 | 1 11 | 1 1 J_. 1 1
0 100 200 300 400 500 0 100 200 300 400 500
Ex, GeV Ex., GeV

Band 3 noise has a harder E spectrum and will dominate at
higher energies
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Triggers

HF does not participate in the trigger

Anomalous events in HF mostly have a low E; with a low rate
of events extending to higher E;

Early hits could lead to an early trigger
Do not see any evidence that this happens a

If needed we can enable HF cleaning in the HLT
Same cleaning as is done during offline processing
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Limitations of Current Filters

Topological filter becomes less effective as occupancy increases

Pulse shape filters will have to be reexamined once we have
significant pileup

Difficult to treat punch through or hits in a jet
In time noise cannot be removed
Difficult to model precisely

Reduce bunch spacing
May start seeing late hits from previous collision
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Summary

We have multiple contributions to the HF anomalous events
HF PMT Window events (early hits)
Late pulses (thought to originate from scintillation in the light guide)

HF PMT Hits is the dominant source of anomalous events in HCAL
(for E>40 GeV)

Topological and Pulse shape filters have been developed and are used
by default to remove HF anomalous events

We have some residual in-time noise
Topological filter is more effective at tagging in-time noise
becomes less effective as occupancy increases

HF PMT thin window will help with the in-time PMT hit events
We still have to contend with in-time broad pulses...
Plan to replace light guide to mitigate late pulses
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Possible Sources of HF Anomalous Signals
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RBX/HPD Noise RecHit Removal

Uses existing software framework (same as for HF PMT Hit Filter) to flag
and eventually remove rechit from the CaloTower

ECAL ECAL Severity
RecHit Level Computer
flag
A 4
HC,A L HitReconstructor> HCAL, CaloTowerMaker\ Calo
Digi [ & RecHit ) Tower
flag flag
saves
result into e
Anomalous Default RBX/HPD rechit filter
can kil Signal Algos uses:
channels (trueftalse) ) HPD channels >= 17
HCAL Severity Ch Energy > 1 GeV
channel status (DB) > Level Computer Being tuned. .

This is not being applied as a default for everyone...
Users have to reconstruct CaloTower and downstream physics objects
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Development Framework to Treat Noise

Access to pulse shape
In 10 TS window

RecHits Revise | RecHits !
(with flags) Flags |___{devel) _

Official User and
Reconstruction Development
Path Path
CaloTower i " CaloTower |
(cleaned) i (devel)
Physics i"“i’_ﬂ\_lSi_ES_ ““i
Objects | ___Objects !
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HCAL DPG Recommendations

HCAL DPG recommendations for cleaning up Anomalous HCAL Signals

1) V2 of HF PMT Filter Applied by default

2) V1 of HF Pulse Filter Applied by default in CMSSW370p2
3) V1 of RBX/HPD Event Filter To be applied at analysis level

4) Additional cleaning algorithms available at the user analysis level

Details can be found at:
https://twiki.cern.ch/twiki/bin/view/CMS/HcalDPGAnomalousSignals

General framework allows possibility to explore more aggressive cleaning
In addition to the recommended filters
» HF rechit filter using the timing information is available

» RBX/HPD rechit filter is available
» More aggressive event filters using the Noise Summary Object
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