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BeamCal Detector at CLIC ﬂb

m Absorber for incoherent pairs, mask
for downstream elements (QDO,

BPM)

m Radiation hard sensors required 4
(similar radiation levels as 0.5 TeV M
ILC) -

m Tungsten sandwich calorimeter,
Moliere radius of about 1 cm

m Position (including 10 cm graphite):
Z = 3181 mm to 3450 mm
m Radius: 32 mmto 150 mm

m Polar angle coverage: 10 mrad to
45 mrad

m Pad size 8 x 8 mm?
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Why Electron Tagging? 17

m Searches for slepton pairs
m Event topology: lepton pair and missing energy
m Energy of lepton depends on mass difference between slepton and neutralino
(here SuSy Point K’ as at CLIC09 workshop)
> mz =896 GeV
> my, =554 GeV
» Cross-section: 1.4 fb
m Largest cross-section of background: ee — eett

» Total cross-section: 1.33 nb (from BDKRC/RADCOR, including lumi spectrum,
Q% > m?)

» Cross-section growing with log(s), lower rate of low energy electrons

» With 2 t-leptons in the detector acceptance (6 > 20°) and no electrons above
35 mrad: 2.94 pb

m Tag electrons to reject this background

LCWS12, Arlington, Texas, Oct. 2012 A. Sailer: Electron Tagging with the BeamCal at 3 TeV CLIC an7


mailto:andre.philippe.sailer@cern.ch?subject=Electron Tagging with the BeamCal at 3~TeV CLIC
http://lcd.web.cern.ch

Two-Photon Spectator Electrons

@

m Electrons from two-photon events: High energy electrons, and forward peaked

m Only events with two t-leptons inside detector acceptance and no electrons
above 35 mrad (assuming excellent electron in LumiCal and above)

10

e
E > 1000 GeV E
E [500, 1000] GeV ]
Ec[0,500]GeV
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Signal from high Energy Electrons &[b

Dense showers from electrons

26 GeV total deposited energy (in the sensitive material) from 1.5 TeV electron
Reduced to 8 GeV for 0.5 TeV electrons
Maximum near layer 10

Maximum deposited energy per pad 2 GeV (1.5 TeV electrons) to 0.7 GeV
(0.5 TeV electrons)

— 40—' T T T o L bren) 25_| T LU S L
% 3 Electron Energy - [ L Electron Energy ]
G I — 1500 GeV & I — 1500 GeV ]
= [ — 1000 GeV | < oF — 1000 GeV -
& 30r 500 GeV > F 500 GeV ]
5 L X ] 0] r
& 1 = 1.5F ]
5 ook BeamCal LumiCal 3 I
2 0 ~ ] e _
g I g 3 1
o 10l LA - Qo r
(ew i 'g 0.5 ]
= i ey [
I9 .. .0 AINTEAEA L TR 8 ol A B e il
0 10 20 30 40 50 0 10 20 30 40
Electron Angle 6 [mrad] Layer

LCWS12, Arlington, Texas, Oct. 2012 A. Sailer: Electron Tagging with the BeamCal at 3 TeV CLIC 6/17


mailto:andre.philippe.sailer@cern.ch?subject=Electron Tagging with the BeamCal at 3~TeV CLIC
http://lcd.web.cern.ch

Background in the BeamCal 6[9

m Occupancy: Almost every pad sees
a hit in every BX (coming every
0.5 ns)
m Energy deposits
> From incoherent pairs: 33 TeV/BX
» From yy — hadrons: 150 GeV/BX,
will be ignored, other backgrounds
also negligible

10"

102

m Will have to integrate several BX
during one sampling window

103

Deposited Energy per Pad [GeV]

m |deas for multiple readout during BX
through correlated double sampling | ayer 4: 10 BX (5 ns sampling window)
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Background and Fluctuations AR

m Beam-offsets affect number and

angular distribution of incoherent Nominal only
pairs
: . < ' o ' 'Nr'Jm_ilnaI' BX ]
m Integrated 40 BX, maximum deposit @ 30[- - —Fng 1
30 GeV in single pad in layer 10 ~ .. Ring 3
m Lower average with mixed St . =i H
background samples (50% 0 nm 3 20 * o, : ]
offset, 50% 1 nm offset) o N -

» Each sampling window selects AN .- b
randomly from the available L0 - T
simulated BX 8 P — - ]

m Fluctuations of deposited energy e = . - ——
from backgrounds important for 0 100 Azi 200 300
zimuthal Angle ¢ [deg]
tagging algorithm

> Standard deviation Energy deposit for 40 BX of incoherent

Opag ~ 0.4 GeVo 0.5 GeV pair background in layer 10

» Larger fluctuations for mixed
background samples
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Background and Fluctuations

m Beam-offsets affect number and
angular distribution of incoherent
pairs

m Integrated 40 BX, maximum deposit

30 GeV in single pad in layer 10

m Lower average with mixed
background samples (50% 0 nm
offset, 50% 1 nm offset)

» Each sampling window selects
randomly from the available
simulated BX

m Fluctuations of deposited energy
from backgrounds important for
tagging algorithm

» Standard deviation
Opag ~ 0.4 GeV to 0.5 GeV
» Larger fluctuations for mixed
background samples

Mixed backgrounds
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Background and Fluctuations m

m Beam-offsets affect number and
angular distribution of incoherent
pairs

m Integrated 40 BX, maximum deposit
30 GeV in single pad in layer 10

m Lower average with mixed
background samples (50% 0 nm
offset, 50% 1 nm offset)

» Each sampling window selects
randomly from the available
simulated BX

m Fluctuations of deposited energy
from backgrounds important for
tagging algorithm

» Standard deviation

Nominal only

T 3
Nominal BX 4
—Ring1 -
—Ring 2
Ring 3
—Ring 4
—Ring5 7
—Ring 6

o o o o
N wW D [6)]
S ST N S
1

o
iy

ST

1 1
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Azimuthal Angle ¢ [deg]

Std. Dev. Dep. Energy [GeV/40BX]

Standard deviation of energy deposit for

63;? ~0.4 GeVto 0.5 GeV 40 BX of incoherent pair background in
» Larger fluctuations for mixed layer 10

background samples
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Background and Fluctuations m

m Beam-offsets affect number and
angular distribution of incoherent
pairs

m Integrated 40 BX, maximum deposit
30 GeV in single pad in layer 10

m Lower average with mixed

background samples (50% 0 nm
offset, 50% 1 nm offset)

Mixed backgrounds
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» Each sampling window selects ;
randomly from the available 0.1:1
simulated BX Hs
1 1 &
m Fluctuations of deposited energy G0 100 200 300

Std. Dev. Dep. Energy [GeV/40BX]

from backgrounds important for Azimuthal Angle ¢ [deg]

tagging algorithm o )
» Standard deviation Standard deviation of energy deposit for
max 0.4 GeV to0 0.5 GeV 40 BX of incoherent pair background in

Jpad layer 10
» Larger fluctuations for mixed ayer

background samples
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Tagging Algorithm éh

m Re-implemented algorithm existing in Marlin
m Basically:

» Overlay signal with background from N BX

» Subtract average energy deposit

» Cluster pads which have significant energy deposit above background

» Create electron candidates from clusters and select electrons based on cuts
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Reconstruction Purity

Simulated single electrons from 0.5
to 1.5 TeV

Tuned cuts to reject all clusters not
caused by these high energy
electrons

Started with single cut for all pads
and clusters

Chose cuts, so that no fake electron
remains

In the end: One fake electron cluster
is found in 50k events

Could also use a cut based on
variance G (e.9. 1 x6...5x G)

a

Fake rate
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Reconstruction Purity

Simulated single electrons from 0.5
to 1.5 TeV

Tuned cuts to reject all clusters not
caused by these high energy
electrons

Started with single cut for all pads
and clusters

Chose cuts, so that no fake electron
remains

In the end: One fake electron cluster
is found in 50k events

Could also use a cut based on
variance G (e.9. 1 x6...5x G)

Fake Rate
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Tagging Efficiency vs. Electron Energy

m Excluding events near the incoming
beam pipe hole, and 8 < 10 mrad

m Efficiency depends on energy and
angle

m Highest efficiency (€ = 1_0.003)

m Near boundaries and between rings
the efficiency drops
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Tagging Efficiency vs. Electron Energy &[b

Electron Energy: 1.0 and 1.5 TeV

U AT el BRI
0.8F %+ : .
m Including events near the incoming o6l & Energy ]
beam pipe hole Lo —1500 GeV 1
m About 5% of azimuthal angle not 0.4 . 1000 GeV ]
covered [ i
0.2 & b
Lo ]

G- 1 ! ! m
10 20 30 40 5
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Tagging Efficiency vs. Electron Energy Qp

Electron Energy: 1.0 TeV

m Including events near the incoming i

. 200

beam pipe hole :

m About 5% of azimuthal angle not
covered

30

4
6 [mrad]
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Tagging Efficiency vs. Number of BX

m For differently sized sampling
windows

m For each case tuned cuts to reduce
fakes

m Up to 10 BX basically every electron
found

m Small difference between 40 and
50 BX (but background sample is
limited)

LCWS12, Arlington, Texas, Oct. 2012
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Electron Tagging and Stau Signal éh

m Qualitative Generator level study

Only % 3| 1 —ee—>T i
» ete™ TR =107 1L —ee—een
» ete~ s ete—1t = Y ee — eett after Tag]
. L 10°E E
m Apply electron tagging efficiencies ; E
from full simulation studies 10:_ ]
m Reject two-photon events if one I E
electron found in the BeamCal 1k -
m Tagging by itself insufficient to : ]
. 1 Il Il
remove two-photon background 107, 500 1000 1500
m Anyway, cuts are needed to remove E;77 [GeV]

other SM background
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Applying additional Cuts &[b

T T
—ee—>T
—— ee > eett E
—— ee — eetr after Tag]

Chose cuts that remove 10% of signal, =
angular cuts do not bias stau sample L10°
Z

m Acollinearity < 70.5°

. o 102; <
m Acoplanarity > 9.3 E
m Onss > 30.5° 10; E
Need additional cut to further reduce ]
background 1k 3
-1 L P P I | ]
10 500 1000 1500

E¥isible [Gev]
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Applying additional Cuts &[b

Chose cuts that remove 10% of signal,
—ee—>T

= [ ]

i S ook ]

angular cuts do not bias stau sample =10° e eert
s

ee — eett after TagE

m Acollinearity < 70.5°
m Acoplanarity > 9.3°
B Omiss > 30.5° 10;.
Need additional cut to further reduce ;
background 1E
m Sum of transverse momenta of taus i

py'" = pr +pf > 115.5 GeV 10" 5001009 1500
(removes 5% of signal) EVSP [GeV)
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Remaining events

ete” sete 1T

Cut ete” — "%~ Beforetag Aftertag
Without cuts 1261 2914251 2643332
Acollinearity 1139 1465347 1317124
Acoplanarity 1125 675960 432541
Angle of missing momentum 1133 683375 531055
Angular cuts combined 956 228218 117956
Sum of transverse momenta 1186 40345 34293
All cuts combined 902 864 47
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Summary éh

Electron tagging is possible at CLIC, even with moderately large sampling
windows of 25 ns, and moderate background fluctuations

m For larger angles (8 ~ 20 mrad) all electrons with E > 0.5 TeV found

m Shorter sampling windows is better

m At low angles boundaries between rings reduce efficiencies

m Cuts tuned for minimal fake rate, but few percent probably acceptable

m Looked only down to 500 GeV electrons

m Electron tagging at 3 TeV CLIC is feasible and can help reject two-photon
background
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Bhabha Event Rate in the BeamCal

a

m Radiative Bhabhas with huge 1 1. T GoneaPig
cross-section 5 10 —— BHWide

m Longitudinal boost can give lower E Whizard
energy electron large angle 510%E

e

m Compared %1073 il
GUINEAPIG/BHWIDE/WHIZARD . E

m GP underestimates rate at 10'4é— \ﬁﬂ’\u\;
interesting angles > 10 mrad i ]

10-5 Il Il Il

1
m WHIZARD and BHWIDE are similar, 0 10 20 30 40
6 [mrad]

but WHIZARD Q® > 4 GeV also cuts
400 GeV at 10 mrad (py = 4 GeV

. Rate of electrons with more than
particles)

100 GeV in the BeamCal
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Background and Vertical Beam Offsets ﬁb

m Energy distribution in the BeamCal from pairs affected by vertical offset in
bunch crossing (due to deflection of incoherent pairs)

m For small offsets (ca. 1 nm) constant in some, decreased in other parts
m Mixing of background events leads to larger fluctuation of backgrounds

4 4
58 1. T T ABX: 40, Layer 10, Rlng ' 58 1. T T ABX: 40, Layler 10, Ring 2 '
{UD I 90% Nominal ZLL,D I 90% Nominal
SN N —— 100% 0.5 nm Offset N —— 100% 0.5 nm Offset
2 — 100% 1.0 nm Offset 2 — 100% 1.0 nm Offset

i . 1 i i # #

Jae ++++++H {
0.9EH+ &h i mﬁ 4[ Hﬁ* % Qﬂi ﬁ ﬁ

Azimuthal Angle ¢ [deg] Azimuthal Angle ¢ [deg]
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Energy Resolution Glb

% ' " Electron Energles-

m Electron cluster energy distribution §0'12_ E 1388 Gev '

» Somewhat Gaussian shaped 0.1 —1200Gey

(better at lower energies) 0.08F —1000Gev 4

m Calculate calibration between 0.06F IV

electron and cluster energy 004k — 800Gey E

> Linear in this region (0.5 to U

1.5 TeV) 0.02F ]

m And energy resolution: 0% '
100%/ v/ E[GeV] +20% © 0 edgyicen
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Energy Resolution [ i)

;‘15—"'|"'|"'|"'|"'I"'—
© L %2/ ndf 0.05239/9
m Electron cluster energy distribution % [ Slope 0.008588:+0.001317
» Somewhat Gaussian shaped g ) POt Lo
(better at lower energies) O 0_
m Calculate calibration between g i
electron and cluster energy 2
> Linear in this region (0.5 to g 5.
1.5TeV) §
= And energy resolution: 400 600 800 1000 1200 1400 1600
100%/+/ E[GeV] +20% Electron Energy [GeV]
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Energy Resolution (i)

'@' 30. T T T T T T
m Electron cluster energy distribution | EPpy E
» Somewhat Gaussian shaped w . —s PR
(better at lower energies) 1P 200 E
m Calculate calibration between R 3
electron and cluster energy g o /E=o/VE +B ]
» Linear in this region (0.5 to 10F 2 nat 2806/9
1.5 TeV g o 108+ 28.91
) . 5 [ B 18.68 + 0.9686
m And energy resolution: E

100%/+/ E[GeV] +20% b0 600 8001000 1200 1400 1600
Electron Energy [GeV]
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Tagging Algorithm

Calculate back-
ground Efyent

I

Add signal from event:
FEvent _ pEvent , pEvent
E = EpKG + Esignal

List of BX
EBX1__EBXn

Random selection
Total

=

(" Subtract Average and |
Once: Calculate Use =

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o| Sigma: ERvent . =
FAverage and G ] ‘Remaining

v

FEvent _ FAverage _ 3
Eqgal —E @

Check for High

For every event

Check for Low

FEvent  _
Eemaining =

FEvent
I Egenmainin

or too low?

EEvent P
Egemaining —0-16

Find clusters
i FEvent
in Egemaining
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too high Low

FEvent
ERemaining

: Electron Tagging with the BeamCal at 3 TeV CLIC

m Event: One

sampling

window
m E: Pad

energies
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Tagging Algorithm | ah
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