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Introduction

Anomalous events studied and characterized in CRAFT08, CRAFT09, and TB

HE/HB dominated by anomalous electronic noise
lon feedback, HPD discharge, RBX electronics noise

HF dominated by anomalous interactions
Observed muon interactions in PMT windows in the Test Beam data

Software framework and filters developed to flag/remove anomalous rechits

More details can be found in:

CFT-09-019 Accepted by JINST
“Identification and Filtering of Uncharacteristic Noise in the CMS Hadron Calorimeter”

CFT-09-009 Accepted by JINST
“Performance of the CMS hadron calorimeter with cosmic ray muons and LHC beam data”

Now looking at first collisions
Noise rates in HE/HB look as expected
HF more complicated - indications of additional contributions
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Introduction

HF Noise Filters Working Group

Optimize filters to reject HF PMT Hit events
http://indico.cern.ch/conferenceDisplay.py?confld=85887

HF Noise Sources Working Group

Understand sources of HF PMT Hit events
http://indico.cern.ch/conferenceDisplay.py?confld=85878

Group reports presented in the DPG meeting of March 13
http://indico.cern.ch/conferenceDisplay.py?confld=85629

Contributions from many people

|. Vodopiyanov, D. Ferencek, F. Santanastasio, J. Temple,
T. Yetkin, E. Yazgan, S. Kunori, Kai Yi, Yi Chen, B. Bilki,
S. Banerjee, N. Akchurin, V. Gavrilov, F. Chlebana
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HPD and RBX Noise

CRAFT 09 Data, EHBKMD GeV Et[GeV]
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# of Hits with Energy > 1.5 GeV lon feedback
HPD lon Feedback (1-9 hits/RBX)
Emission of electrons (thermal,
photoelectric,...) which feedback into the
HPD resulting in avalanche and a high
signal
HPD Discharge (10-18 hits/RBX)

Possibly related to electrical discharge
emanating from the wall of the HPD
RBX Noise (19-72 hits/RBX) 0

Anomalous noise characterized by high :
multiplicity in all four HPDs in a RBX RBX noise - -
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Noise Rate as a Function of Run Number
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Total rate of HPD and RBX noise is

~10-20 Hz for E > 20 GeV
for all 288 HPDs

Rate is random
— overlap with physics expected to be low
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HB/HE Noise Rates

Noise rate not a problem at L1,
but may be an issue at HLT

Filters to identify HPD/RBX noise
use pulse shape, timing, and hit
multiplicity

Ready to be applied at the HLT for
the Jet and MET paths if needed

CRAFT 09

102

1E31 Menu (/s =10 TeV)

Trigger Prescale Noise Rate (Hz) Physics Rate (Hz)

Jet 15 x 10000 ~ 13 x 107 1.34 = 0.33
Jet 30 x 5000 ~15x 1073 1.17 = 0.31
Jet 50 %200 ~25x 107 1.84 +0.39
Jet 80 x20 ~ 0.12 1.42 +0.34
Jet 110 x1 ~ 1.3 711+ 0.77
Jet 180 x1 ~ (.60 1.17 = 0.31
MET 20 x2000 ~5.0x1073 0.17 £+ 0.12
MET 35 x20 ~ 0.37 0.33 £0.17
MET 60 x1 ~ 5.1 ~ 0.5
MET 100 x1 ~ 2.2 ~ 0.0

Noise rates in table not gated by trigger

% ‘0 ~ lon Feedback Scale=(4 TS x Bunches) / Total buckets
. nrobeciaee  Total buckets = 3564
107! 60
1020 e e Bunches Scale Factor MET100
102 43 0.048 ~0.1 Hz
10 156 0.175 ~0.4 Hz
0% 1000 2000 3000 4000 5000 OSO 1.000 ~2.2Hz
RBX Energy Threshold [GeV]
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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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HF

150GeV Muon / Wedge 2-6

[ EM=HAD response prafile |Gov) |

- 24 PMTs
| ring shape -

=200-150-100 -50 0 50 100 150 200
X (mim)

TB2004 elog 3601 Aug. 2, 2004

TB calibration for 100 GeV

so L energy =100 GeV; L+S =130 GeV

For current calibration peak would occur

at 120/ (130/100) = 92 GeV

its

'MT Window

Eur.Phys.J. C53, 139-166 (2008)

E 600

In the test beam data, we
observed anomalous
signalsin HF L or S
sections from particles
interacting in the PMT

Fiber
Bundles

window. o5 - PMT
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Algorithm 1
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40
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Es (GeV)

Particles travelling through HF and hitting the
PMT window would produce signals a few ns
(~3-5 ns) earlier than signals produced by energy
loss within HF

Need to have a very precise phase alignment for
HF in order to be able to use timing information
to identify punch through

102 i

E, + E¢ > 50 GeV

Identify HF PMT hit events by
looking at the ratio R=(L-S)/(L+S)
and require Eor E; > E_Th

V R p

10°E

|— HF+

— HF-

Entries 13449
Mean 0.2204
RMS  0.5245

VR m

Entries 12468

IMean 0.2314

RMS  0.5283

10 .....
A g g o L
-1 -0.5 0 0.5 1
(L-S)/(L+S)
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Possible Sources of HF Anomalous Signals
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HF PMT Window Events

heS
Entries 1689624
- Mean 5.202
R< ()98 RMS 3.353
Underflow 0
Overflow 0
Beam data e e

Eur.Phys.J. C53, 139-166 (2008)
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Spectra of PMT Hit events does not extend
to very high energies

Forward region — Low ET

TB calibration for 100 GeV electrons set so L energy = 100 GeV; L+S =130 GeV
For current calibration peak would occur at 120/ (130/100) = 92 GeV
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Number of HF PMT Hits per Event

N, selected 1408372 1855746 1908061 164703 9685
# PMT Hits 70 89 80 1058 79
# ';“:Je':'tts (5.0£0.6) X 105 (4.8£0.5) X105 (4.20.5)x10° (6.4+0.2) x 103 (8.1 0.9) x 10

Rate of HF PMT Hits for random triggers, single, and two

“non-colliding” beams is similar
No significant contribution from Beam Halo

Due to intrinsic noise and possibly cosmics

Rate of HF PMT Hits ~130 times larger during 900 GeV collisions than
for random, single beam, or “non-colliding” beams

With the limited statistics at 2360 GeV, rate of HF PMT Hits in the
single collision run at 2360 GeV is 25% larger than 900 GeV collisions
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Eta distribution ofi PMiFhits (mostly single hit)

70E- . N. of fibers.
: — Long Fibers No strong eta dependence 211 4~5
60— . :
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" r Consistent with light source | 39 32
ot .| from PMT glass window (not | 38: 41
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G4 Simulation Results (Very preliminary)

900 GeV min-bias 100k events simulated
65606 events after cut on particle energy flow to HF (*)
(*) HFM>10GeV and HFP>10GeV (|n| = 3.1-4.0). S
(energy scale not perfect at his stage) 2 &2 2%e% ] Data 900GeV

A T
MC PMT hits (E>50GeV) 3.9 PMT hits/1k events 5 |
- 58% pion/kaon decay in flight to muon %10'2:— HFE+ f
- 30% hadron punch through s | - | ]
- 12% unknown (available in next version) S —e—
3 -
7 TeV min-bias 20k events & 4
14410 events after cut on energy flow to HF(*) g‘o_ﬁ ;#ﬁk E
MC PMT hits (E>50GeV) 5.9 PMT hits/1k events § I
- 53% pion/kaon decay in flight to muon ‘““;'0 "' 1;2
- 32% hadron punch through Z(E-Ehaggea) [GeV]

- 15% unknown (available in next version)

<Data> ~ 6.4x10-3 hits/evt

Simulation of BSC trigger not used (yet) <MC> ~ 3.9%x10-3 hits/evt
No signal simulation for HF body (yet)

No light guide and no gap between HF wedges in MC geometry
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Simulation of PMT Hit Events

Energy of PMT hits
(scale off by 20%) Production point of particles

hitting PMT windows

10—

| SimTrack VTX RZ muon (pmt2) | _%:::::;“Z"'""-"*;;
1 200 Mean x, -48.45
Meany! 41.34
HH|.||| 180 Red — muons RMSx |  601.6
0 50 100 150 200 250 300 350 400 4 1605— Blue—piOnS RMS y 28.59
120 Magenta — kaons
PMT }jg‘ji—
Windows o ol Most of pions/kaons are
(120 cm) s at primary vertex. .
Majority of HF PMT Hits can 0oL
be explained by muons from 40}
particles that decay in flight 20 v A
and hadronic shower punch e e
through that interacts in the
PMT window T T
Front face of HF (-11m) Front face of HF (11m)
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Algorithm 2

: : L29-31 10°E _ L40-41
] Longfibersz 7z "1 Long fibersi™
1’ | OW eta RMS 3.637 10 11‘ I’] I g I’] et a RMS 4.938
1 04 Underflow 0 4 Underflow 0 ) )
LL ot h ‘llL e 1| Use a sliding energy
" ! L B threshold to improve
L — b filter efficiency
g Increasing iEta :
10 S b 10 yr
e e 1y
1 -:: Tﬂi‘-m il 1 |4L|:' o]l
OHHSOHI‘IIOOH JIS(llllﬁliO||25(}llll300 OHHSOHI‘IIOOIH‘IISOIH200HI250HI:‘300
E, GeV E, GeV
E (PM.Twindo.wISignaI-1}vs ieta | ]
[ s Polynomial Energy Threshold (PET)
1000 zgoh 129.9+ 3.992
ln e / R = (L-S)/(L+S)
90~ 2 [ ndf - 1.6;49.-+04I1 1
= | Prob 0 / E> E_Th(l Eta)
80| PO 162.4 + 5.226 : o

i /——+——*’ E_Th(iEta) optimized using
. 900 GeV MinBias MC and

T PRt 900 GeV collision data
40E I e Y
T30 32 34 36 38 40 Set threshold where physics = noise rate

in
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Algorith

| h_HFRecHitE_L |

h_HFRecHitE_L
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Entries 2461066
1 y __|_‘_ T T T T l T T T T T T | Mean 4.648
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— - _ A" Underflow o
10°: Overflow 47
- Flagged integral  2.461¢+406
104 — = h_HFRecHHE_S_Flagged
E - Entries 689
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- Underflow 0
107 = Overflow 40
E Integral 649
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1=
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10 0
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El— T T T T T T T T T T T T T Mean 0.1519
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B Overflow 0
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100 = Entries 689
- Mean 4.84
10°= RMS 8.564
E Underflow 1]
Overflow 0
102 Integral 689
10 =
1
1 L s L L L | L L L
1077 50 100
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MC MinBias\/s=7 TeV
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COverflow 853
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1L 1 L L L
10'0

Entries 65
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RMS 10.46
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Overflow o
e, *, Integral 65
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_L T T T T T 1 Mean 0.1807 _L T T T T T T T T Mean 01678
107 = MC MinBias\s=7 TeV rms 02078 107 = MC MinBias \/s=7 TeV s o782
= Underflow o - Underflow o
106 = Cverflow o 106 = Sverfiow o
— Intagral 1.7070+07 E Integral 1.6860+07
105 E_ h_HFRecHItET_L_Flagged 105 E_— h_HFRecHItET_S_Flagged
E Entries 706 E Entries 65
10% = _ Mean 2.829 10* Mean 1.968
= RMS 1.102 = RMS 0.8172
100 - Underflow 0 10° T - Underflow [1]
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= 1 El
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E; of flagged rechits is very small...
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Algorithm 3

Introduce isolation to make the E > E_PET(iEta)
algorithm “safer” S9/S1 < f(E, iEta)

% " 'h2_S90S1_vs_E_L_ieta_35| S0 Lo 38

- G len il Dl s bl = Entries 737953

% % % 2 05 - Meanx  174.4

i w Meany 0.3149

' T : 1 RMSx  113.7

ol % RMSy w0.1227

7 %

LIl - :

i

— >
P
g — L o . T =0.064'10g(x)-0.266
L " | il \ E [GeV]
. E._ (35) cut -
Slope optimized such that only 0.1% per(35) cu Fliagge;i |RECH:S arel'
of the simulated photons above the those below the cut line

E_PET(in) threshold is flagged
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h2_S90S1_vs_E_L

| h2_S90S1_vs_E_L
b 0.5 C

$9/;

0.4

Entries 4.25375e+07
BB Mean x 14.19
Mean y 0.1762
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0.1713
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10 10°
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Entries 9298524
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Entries 1.026775e+08|

Mean x 15.15
Mean y 0.1992
RMS x 1.73
RMS y 0.1718

-0.1 N L L 1 P R T
10 10°

E [GeV]

5 05 Meanx  128.4
-% Meany 0.2842 10
0.4 RMS x 85.96 . . -
e Optimize S9/S1 cut using the
0.3 N25794 1 -
single photon sample
02 v representing the worst case
10
R 1;’2 E [GeV] 1
Frank Chlebana 20

ASCTF, Feb 17 2010



MinBias MIC tor 7 TeV

| h2_S9081_vs_E_L _ieta 3D| h2 59051 vs_E_L_ieta_30

-—

S9/s

Entries 1394274
Meanx  14.35
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49504246010 1
o 10*
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— 2644 4| 0
107 B o . ' -
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.': . 1
10 e — 10
f(x)=0.044*log(x)- 0 177 J
1 -0_1 1 1 1 Lo 1

10 10
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S9/S1 cut optimized for
single photon events as a
function of iEta

Cut line shown for 7 TeV
MinBias MC
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Comparison of PET and S9/S1 in Data
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Comparison of PET @9/51 in MC MinBias

| h_HFRecHitE_L | h_HFRecHHE_L_Flaggedh HFRecHitE_L_Flagged h_ HFRecHiItE_L | h_H FRecHitET_L | h_HFRecHItET L Flagged h HFRecHItET L Flaggedh_HFRecHItET L
L — : Entries 23 | Entries 118 | Entries  1.9631440+07 A ———] Entries 23 | Entries 118 | Entries 19631440407
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Entries 30 | Entries 238 | Entries  2.4435566+07 — Entries 30 | Entries 238 | Entries  2.4435566+07
105 Mean 73.88 | Mean 80.02 | Mean 4.988 Mean 3.504 | Mean 2.84 | Mean 0.5117
RMS 24,55 | RMS 20.45| rms 5105 10° RMS 1.154 | RMS 1.057 | rms 0.1195
10° Underflow 0 | Underflow 0 | Underflow 0 Underflow 0 | Underflow 0 | Underflow 0
Qverflow 0 | Overflow 0 | overflow 0 10t Qverflow 0 | Overflow 0 | overflow 0
10° Integral 0.5233 | Integral  4.152 | Integral 4.2630+05 Integral 0.5233 | Integral  4.152 | Integral 2.9580+05
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Cleanup Performwr PET and S9/S1

ECAL spikes are cleaned using the selection defined on the “recipes” twiki

Crystals with ET>5 GeV and E(four neighbors)/E<0.05

HB and HE noise events were removed using the method described on
https://twiki.cern.ch/twiki/bin/viewauth/CMS/HcalNoiselnfoLibrary

hmetce hmetcc
105 B Entries 182412 [{ Entries 182412
{| Mean 2.281 || Mean 2.261
/| RMS 1.551 || RMS 1.48
{| Underflow 0 || Underflow 0
10* /| Overflow 2 || Overflow 1
| Integral  1.824e+05 || Integral  1.824e+05

MET - ECAL spikes
MET-ECALSpikeS-PMThitSR&E\ ..................

]

= %l ______ T |§ _______ T I|'|]_|
30

0 10 20 40 50

MET, GeV

A few outliers due
to multihit events
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Calorimeter Missing E-

From PAS JME-10-002 “Missing ET in 0.9 and 2.36 TeV pp Collisions”

Algorithm 1 is already being used by the physics groups

L L L Y =~ > UL L L L L B R LR B
% CMS Preliminary 2009 O CMS Preliminary 2009 |
O \'s=900 GeV ] O \'5=2360 GeV
~40* Data B [ Data 4
0 = 2] ]
o &
Lﬁ 10° — +— Nocleaning - LE : —— No cleaning
B After HF noise cleaning B 10 After HF noise cleaning E
E 1 02 : - After HF+ECAL noise cleaning _: é - After HF+ECAL noise cleaning
S y Multihit]  §,, .
Z 10 event 7 < :
1 "ﬁ ] ﬁ | ] 1 m dE
1 “ | ‘I ‘ ‘ IM | Ll 11 | MI | IE | ‘ L 111 | 1 111 | L 111 | 1 11 | 111
0 10 20 30\40 /50 60 70 80 0 10 20 30 40 50 60 70 80
Calo £, [GeV] Calo E; [GeV]
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Multihit Event

Multihit event were one hit is identified depending on the
choice of algorithm

G:05 Z008 CEST

Views I

3D Lego |'J|.J| |J| Rho 2 |-~'| «*| |'~)

w [E[M@E ECal =i

semet] eta] p . emE =E (L)-E (S)

T T T
mEECa 113] 58| 36 -15!
OEECa 195 03| 31| 2
—_ *

CEECal 1165 04| -39| -1 . had ET - 2 ET(S)
Cm Fral 200 nal 31] =l EtfGeV]

S - 0.8G
» [EHE HZal =+ 30 . 4 . eV

~rhadEt| outerE PMT Hlt 1
EE HCal 104 252 P . Cal O MET
EEHca 113 204 0E i
B HCal 196 1.8 o 20 PMT Hlt 2 : . - .\
T RE 13 =l \ i .

L3 B 1

» E[O Jets =>»@F )
» E[E Tracks e i@ oy, 1 -
» EE Huons =@ 10 t !
» E[E Electrons =@ 2 s L
» B[O verices > @ = ~~“~
» EE DT-segments = >0 ey -
» EE CSC-segments = » (@D - -
» E[E FPhotons =+ @ 0 . —
» E[O cosmichuons + @Y -
» E[ muonsFromCos = » (0
w [EE met =@ 4 e “h

pt| eta| phi -
[BEmet0]40s] 00| 20

-2

Event display view being developed to show energy in the HF Long and
Short sections
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mSé
1u“é
103é
102é

10§

[N hit |R[>0.98 & E>E_thr || hnPMThit

313151
Mean 0.006035
RMS
Underflow 0

Entries

0.07917

Overflow 0
Integral 3.132e+05

HF Multihit Events

. T
HF PMT Layout in ROBX *) . e 7.
LR TN PO P e &
* . + o ‘. ‘ & %
e 2 + * :.
¢ o o LI S ~.
ve? o 74 L »
' o
particle from beam e bl " ., *
pipe region B o
P s
. ok
v 4
Z :
VY4

| Every second channel pattern suggests
PMT hits are produced by particles

from the beam pipe going through fiber
bundles at light guide, fibers, or PMT

(L-S)/(L+S) filter does not select all multi hit events since
there is some energy in both L and S sections

Rate of multi-hit events is low need to monitor this as the
beam intensity increases...
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Possible Punch Through Sighature

Radial pattern Cluster-like

Run: 124230 Event: 17698677

HitMap_HF+_5S

Will need to develop
filters to identify
— multihitevents...
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Pulse Shape

Particles hitting the PMT window can arrive

~5ns earlier than the light signal from showing

particles in HF

We can align the HF signal to the front edge of

the TS

Plan to use the 900 GeV data to do atime scan

R123596 Ewvent TId:

12079248

HF Digi

HF PuISj

25 ns time samples

R123596 Event Id: 12079248

T
Algo Custom : O
[Algo official: O
o —

Charge [fC]

[PMT Hit: O

-, Nominal
- Pulse

HE Enerq lphl 57 1eta 30 depth 1
T T | T

B
fHist

Entries 10 (]

RMS 0.9444

4.975 ||

Charge [fC]

HE Enerq Lphl 59 1eta 36 depth 1

T T | T
Algo Custom: O
[ARlgo COfficial: 1

| PMT Hit: 1

L LI
fHist
Entries 10 :
Mean 4.798

RMS 0.7534 |4
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HF PMi Upgrade

Thin window replacement PMTs

The Research of Proposal 09.02 for upgrade of the HF PMTs was
approved by CMS UMB

Raw signal through the window is at least 2-5 times lower than that
of the existing PMT consistent with the glass thickness profiles of
the PMTs

Multi channel readout for the Fibers would allow elimination of HF
PMT anomalous signals

CMS DN 2009/011, CMS DN 2009/012
CMS NOTE 2010/003 (to be submitted to JINST)

Also looking at the development of “ Anti-Cherenkov” PMTs
CMS IN-2009/028
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Filtering Events

General framework exists to flag/remove rechits identified as having
anomalous signals

Filters exist and rechits are being flagged
Pulse shape, RBX/HPD, HF (L,S),...
Improvements to filters need to be migrated to CMSSW
Filters need to be tuned and studied by Physics Groups

Modular design allowing new filters to be added

User framework to allow testing of new filter ideas
Migrate new ideas into the default cleanup

Noise summary object is saved in the data to identify HPD/RBX noise
Can be used to flag/reject events identified as having
significant noise
RBX/HPD noise overlap with physics will be very low...
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Development Framework to Treat Noise

Access to pulse shape
In 10 TS window

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

User and

Official

Reconstruction Development
Path Path
CaloTower | CaloTower !
(cleaned) i (devel)
Physics i"“i’_ﬂ\_lSi_ES_ ““i
Objects ___Objects |
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Cleanup Roadmap

Provide safe cleanup (S9/S1) to be applied to CaloTower
User framework available to test more aggressive cleanup
Can undo any cleanup and produce “unclean” CaloTower

Migrate any improvements for the filters into the default cleanup
Reprocess datato make default cleaned CaloTower available

As occupancy increases we can relax the isolation criteria (PET)
May be able to use HF pulse shape to identify early arriving signals

Expect time scan to be done with 900 GeV Data
Need to adjust global phase several weeks after 7 TeV running

Long term mitigation plan

Plan to replace PMTs with ones less sensitive to window interaction
May add multiple readout channels / fiber
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Summary

RBX/HPD noise is random, overlap with physics is expected to be low
Use noise summary to remove events

A flexible software framework exists that allows flagging bad rechits
and eventually their removal from CaloTower

Filters to remove HF PMT hits have been optimized and characterized
E. from HF PMT hits is low

User framework to test new filters is under development and we will
have the ability to undo any cleaning applied to CaloTower

MC simulation and event characteristics suggest that the HF PMT

events are due to particles hitting the PMT window originating from
decays in flight and hadronic shower punch through

Mitigation plan: software filter, pulse shape, replace PMT
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Anomalous HCAL Signals

Two Classes

1) Electronics noise from the Hybrid Photo Diode, HPD,
(18 cells) and Readout BoX, RBX, (4 HPDs) in the
Hadronic Barrel and Endcap calorimeters

2) PMT window Cherenkov interactions in the Forward
Calorimeters
- Y4 photoelectrons per GeV
- Window thickness of 1Imm glass in the center
Increasing to 6.1mm on the edges



Hybrid PhotoDiode (HPD)

PMT Window Geometry

SiI Pixels

|



HPD and RBX Noise

HPD lon Feedback
Photoelectron induced libration of ions from the silicon diode that
accelerate across the HV gap and interact with photocathode to liberate
additional photoelectrons (signals from 3-5 GeV in Energy)
~1 HPD channel participates

HPD Discharge
HPD photocathode operates at -8kV with discharge occurring across

sidewall or sidewall covering within vacuum
up to 18 HPD channels participates

RBX Noise
Source unknown, likely to be external noise source that couples to HV

many channels across whole RBX (up to 72) participate

Total rate of HPD and RBX is ~10-20 Hz for E>20 GeV (total rate contribution
from the OR of all 288 HPDs)

HPD and RBX noise is random and the overlap with physics is very low
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HF PMT Window Hits

In the test beam data, we observed signals from interactions in the PMT windows
and in the fiber bundles for both types of fibers (Long — full length of calorimeter and
Short — all but the first 25 radiation lengths (EM portion) of the HF calorimeter)

Test Beam Data and PMT Window measurements are published in
Eur. Phys.J. C53, 139-166 (2008)

Most of the HF PMT hits can be filtered based on a signal seen in one fiber in a cell
but not the other by forming the discriminating variable (E,-Eg)/(E +Eg)

Rates observed in 2009 collision data (min bias)

~6x10-3 per event identified for 900 GeV data
~8x10-3 per event identified for 2.36 TeV data

Determined for ~1720 PMTs

Dominant sources in the data are muons from decays in flight and hadron shower
punch through
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Hybrid Photo Diode (HPD)

an
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Ceramic feedthrough 30 V Bias

Hybrid Photo Diode photon transducer
used for HB, HE, HO.

Fiber optic front window, conventional
photocathode, pixelated diode

19 channels/device
(one channel used for calibration)
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Readout Module

The readout module (RM) integrates the HPD,
front end electronics, and digital optical drivers

otical

HPD Mount
Electronics Cards HV

(QlEs...)

Interface Card

ASCTF, Feb 17 2010 Frank Chlebana 45



Anatomy of the Hadronic Forward Calorimeter
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Summary of Current Algorithms

Algorithm 1) HCAL DPG, tcMET
R =|L-S|/(L+S)>R_Th
Eor Et>E_Th

Original algorithm
E, ET thresholds were too low

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

E>E Th(iEta) Optimization of E threshold
Algorithm 3) PFlow, HCAL DPG

Short: S/L Simple cuts (Algorithm 1) were

Long: S9/S1 removing energy in physics MC

Isolation criteriaintroduced by PFlow
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CaloTower vs RecHit

CaloTower in HF has EM and HAD sections defined as:

EM = L-S
HAD = 2S
Tot = EM+ HAD = L+S

Tower IEta = 29 contains EndCap cells

Hot/Dead rechits are removed from CaloTower
The list of Hot/Dead channels will change

Need to apply the cleanup at the RecHit level

ASCTF, Feb 17 2010 Frank Chlebana
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CaloTower vs RecHit

CaloTower based flagging RecHit based flagging
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CaloTower iEta=29
Includes energy from HE

IPhi=67 included crystals
that are flagged as hot
and dropped when
constructing CaloTower
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Detail o undles
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HE Signal Around PMT Hits

We found PMT hits:
HEM 2006 events
HEP 2033 events

If PMT hits were created by beam halo
muons, we expect signal in HE. HE
energy in two depths in ieta-22-25 are
summed up in one (five) phi slices
around PMT hits.

Since halo muons do not follow the
projective HE tower geometry, energy
may spread to three cells. With zero
suppression, it is hard to see clean
signal. Although this analysis is not
optimized to see such small signal, we
do not observe many muon hits in HE.

May indicate many PMT hits are
not due to halo muons

HE hits:
HEM 28 (99) events
HEP 42 (180) events
in 1 (5) phi slices and
ieta=22-25

HEM HEP
HE- £2 E(depth 1)+E(depth 2) at flagged i¢ ! HE+ x2%, E(depth 1)+E(depth 2) at flagged io ':ﬂ;:?f :;i:
e T na E
5 1¢slice - 38 1 ¢ slice
C L] —_ ] 3? . _ -
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3t B 2= =
i E 15- 4
E 1 1 =
11— -] C
Al L L
[GeV] [GeV]
HE- 523 E(depth 1)+E(depth 2) at flagged ¢ +/- 2 surrounding i L;:i’m:rr:: {E- £23, E(depth 1)+E{depth 2) at flagged io +/- 2 surrounding i T;Zi:ﬁ:l;:
s L R E a8 T |€
7 5 ¢ slices - o 5 ¢ slices
in=2225 1 in = 22-25
; ;
40 = E
r ] 3- -
3F E g
1f = i
ﬂlh.ﬂﬂ LALL. HHH HHHWH.Z LIRe DA DAL
%1 0 1 2 3 4 5 21 0 2 3 4 5
[GeV]
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Algorithm

[ h_HFRecHitE_L | h_HFRecHitE_L
Entries 1.0267750+08
C |_ T T T T T T T T | T T T T | T T Mean 6.443
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1 06 = — —All Overflow 4935004
= —— E:] Flagged Intagral 60610407
10° = = — h_HFRecHItE_L_Flagged
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ET (GeV)
E; of flagged rechits is very small...

| h_HFRecHitE_S|

2: 7' 1eV'MC QCD Flat Pt

h_HFRecHitE_S

Entrics 53045880407
i | _ T T T T T T T T | T T T T | T T Mean B.046
107 - MC QCD_FlatPt\s=7 TeV Rus 740
= - Underflow o
10°% =— - —All Overflow 1.603u+04
= _—___ E:] Flagged Intagral 5A1Bo+07
10° = - h_HFRecHItE_S_Flagged
5 T Entries 184
10 = ~— Mean 45.74
E Te—_ RMS 7.976
10° — T~ | Underflow 0
E Overflow 0
L Integral 184
102 E
10L
1 0-1 | L L i I E i H s | L | L | N | i
0 50 100 150 200

E (GeV

| h_HFRecHitET_S| h_HFRecHItET_S

Entries 5.3045980+07

T L T 02222

107 1= MC QCD_FlatPt\s=7 TeV rus o062

= Underfiow o

10° E - —All Ovarfiow o

= E:] Flagged Intagral 1.7680+07

10° E - h_HFRecHItET_S_Flagged

S Entries 184

100 = Mean 2.093

E B RMS 0.8701

10° = -_—‘ Underflow 0

F - Overflow 0

107 ; -, Integral 184

F 1
105 "
A L L L 1 L L . 1 | L | L L L

1070 50 100 150 200

ET (GeV)

ASCTF, Feb 17 2010

Frank Chlebana

52




CaloMET for HF

| h_CaloMETHF[ h_CaloMETHF h_CaloMETHF| h_CaloMETHF
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The PET algorithm is effective at removing HF PMT Hits
Falsely flags some energy, E; of misflagged rechits is small
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900 GeV MinBias

<5umE in HF> = 208.4 GeV

<N. PMT hits/evt.>:
“Expected” ~2.3x1073

Observed ~(2.520.1)x103

A

2.36 TeV MinBias
<SumE in HF> = 332 G
<M. PMT hits/evt.>:

“Expected” ~3.3x103

el

Observed ~(2.7+0.5)x 103

7 TeV MinBias

<SumE in HF> = 520.0 GeV

<N. PMT hits/evt.>:
“Expected” ~4.9x103

<

T TeV QCD Pts0
<SumE in HF> = 1162 GeV
<N. PMT hits/evt.>:

“Expected” ~9.9x103

v

-

4

This approach can in principle be used to estimate the rate of HF PMT
! hits in a generic sample with a given average sum of energy in HF.

Similar linear dependence also observed for the 59/51 algorithm
E 0.03_ |: T T T T T T T T I,;| T T I T T T T '!,.'| T T ] =' D 1_| T lI!..-"| - T T T T T T T T T I T T T T | T T L
z C 0002360 GeV dota < PMT hits in HF kong fibers _ % | A" h_SumEinHF h_SumEinHF h_SumEinHF -
(. I~ i 1+ ¥ - n == =
g 0.025—} * ' y —] A Entries 180646 Entries 10339 Entries 581618  _
E 0 02:—: +2 | ndf 1.-'-’:-” 14 ‘.."' _: . '_'ﬁ.ﬂﬂ_— Mean 208.4 Mean 332 Mean 529.9 ]
IE o ': pl 0.0006726+ 0:0002013 o 4.7 L RMS 1021 RMS 195.3 RMS 424.5 i
= ! op 7.97e-06% 1.00e-06 " .7 B i 7
& o015 i LI o 0.06 A - -
& | IPET Algorithm o] | iy Entries 1000000 " 7p 9 TeV (data) .
© 0.0 e e mm s n e st e m e e et — ], Mean 162 | 236 TeV (data) ]
g o ; , AN b 0.04" LRMS  584.8 7 TeV (MinBias MC) -
- ; i - ,
0.005r == == === === = dm +# - i 7 TeV (QCD_Pt8BOMC) | -
e S : b 0.02if" —
o : : : : — i b Th e |
'“.Mr_ ! ! s I: s s .' L L l' L ! . 1 - - | - ': | : ‘ _-::'. :""'-I- |-.|. || [ — | .I- . P i_
0 200 400 600 800 1000 1200 % 500 1000 1500 2000 2500
LE - E_,, In HF [GeV] LE in HF [GeV]
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Extrapolation to 7 TeV

h_HFRecHItET_L h_HFRecHIET_L_Flagged h_HFRecHItET_L_Flaggedh_ HFRecHItET_L -
[ -, = | = = [ h HFRecHItET L | h_HFRecHHET L Flagged h_HFRecHItET L Flaggedh_HFRecHItET_L
. . . . . | Entries 445 | Entries 679 | Entries  3.6602680+07 = =
= I I (—r . . . . . | Entries 445 | Entries 5130 | Entries  1.147980+08
- Mean 5.373 | Mean 2.841| Mean 0.5134 108 I I
10 RMS RMS 1.103 Mean 5.373 | Mean 3.593 | Mean 0.5578
4.117 . RMS 0.1449
s 7 RMS 4.117 | RMS 1.471 | RMS 0.784
10° P ET Underflow 0 | Underflow 0 | underflow 0 10 P ET
Overfi ol overni o of Underflow 0 | Underflow 0 | underflow o
. . verflow verflow Overflow o 108 |-
Overfl 0 | Overfl 0 | overflow o
10° E M I n B I aS Integral 2848 | Integral 679 | Integral 3.6610+07 E QC D Pt 80 vertiow vertiow
F 10° = Integral 9934 | Integral 5130 | Integral 1.1480+08
10° MC MinBias\/s=7 TeV E _ =
E 10° — MC QCD_Pt80\/s=7 TeV A
10° L All (MC + expected PMT hits) E =
= E All (MC + exp PMT hits) | |
E - -- Al {MC only) 10°
-- Al {MC only)
Falsely flagged MC

[ ] Falsely flagged MC
EMT hits expected at 7 TeV

107
10

[E5] PMT nits expected at 7 Tev

o 1 2

10" po] M P IR M n E
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e
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B LI R | Entries 349 | Entries 51| Entries  3.660258a+07 Coo Entries 349 | Entries 218 | Entries  1.1479790+08
107 Mean 5.74 | Mean 3.535 | Mean 0.5133 1 08 Mean 5.74 | Mean 3.975 | Mean 0.5578
Sg/S 1 RMS 4.402 | RMS 0.9104 | RMS 0.1441 107 P ET RMS 4.402 | RMS 1.328 | RMs 0.7838
10° . . Underflow 0 | Underflow 0 | underflow o Underflow 0 | Underflow 0 | underfiow 0
10° M In B 1as Overflow 0| Overflow 0 | overflow o 10° QC D Pt 80 Overflow 0 | Overflow 0 | overflow o
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MC MinBias\/s=7 TeV

10 MC QCD_Pt80\s=7 TeV

10°
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All {(MC + expected PMT hits)
-- Al {MC only)
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[E5] PMT nits expected at 7 Tev
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-- Al {MC only)

[ ] Faisely flagged MC
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O—IIIII| 1 WS N
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; IILI .
1 DO L . — o A . i

107, 20 40 60 80 0 10 100
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Shape of the Erspectrum taken from the 900 GeV data and assumed not to
change significantly at 7 TeV
PMT hit rate extrapolated to 7 TeV by scaling by HF energy
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Framework to Treat Noise

We have a well developed software framework to run Anomalous
Signal Filters; Flag RecHit; Remove/Count bad RecHits from CaloTower

ECAL ECAL Severity
RecHit Level Computer
flag
y
HC.A L HitReconstructor> HCAL, CaloTowérMaker\ Calo
Digi [ % RecHit ~ Tower
flag flag
saves
result into
Anomalous :
Signal Algos We can include new
kill : : :
chomnels | IIEESAEES) | filter ideas into
HCAL Severity existing framework
channel status (DB) > | evel Computer
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We are running algorithms to flag bad rechits

User Framework to Test Filters

Several algorithms available and being optimized
Ready to provide a default cleaned CaloTower

User framework to apply new filters is being developed

Currently PET and $9/51 is available

Config file allows easy changing of thresholds

ths

[/ T T
o, I h_JetinHF_pT _|'h_JetinAF_pT_PET . 'h_JetinHF_pT_S051 j
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- 3 25000
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10% = 15000
10 ] 10000
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e | | HAR: :
0 50 100 150 200 0
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