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. SiD -
SID Detector

SiD design criteria

Status of work on subsysten(i¢TX, trackeECalHCal FCa)
Emphasis on work/updates since talk at LCWS2017

Weekly optimization study meetingsmanystudentsinvolved!

GOAL be ready for a period of intensive/walpported R&D as
preparation for the writing of a full SID Technical Design Report

While the SID design has been stable for some time, we are
always open to new ideas, new technologies, that could
Improve/maintain performance while reducing cost.



The SiD Design Rationale > D

A compact, cost -constrained detector designed
fo make precision measurements and be
sensitive to a wide range of new phenomena.

Design basics:

Robust silicon vertexing and tracking system 2 excellent
momentum resolution, live for single bunch crossings.

Hi ghl y s e g me ntcaldimetdrsroptimiked forg?article
Flow.

Compact design with 5T field.
Iron flux return/muon identifier 2 component of SiD self -shielding.

Detector is designed for rapid push -pull operation.

-
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5T Coil

. T
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HCAL
40 layers

Vertex detector
5 layers Barrel+disk
Nne=1.4 CM

Silicon Strip Tracker .
5 layers
r...=1.25m

outer
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S-Layer Barrel cos(theta) = 0.99

Support Structure
Connections to

Pixel Disks with >_BeamTube

Support Membranes (4 Places)
— side view

e resolution
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Optioné for the SID Vertex Detector . GID

The Vertex Detector is small 2 late installation 2 no reason to choose
implementation now 2 wait for R&D/advances in technology

-

A Si diode pixels .
(R t cc h | |

A Monolithic designs
(MAPS, Chronopixel )

AVertically Integrated™ 3D°=
Approaches (VIP Chip) B

A High Voltage CMOS
(snappy timing) 5

-> Monitor developing technologieg open to new ideas!



ine for SiD vertex detector | . ¢ ) -

'Chrono "

. ] Past and ongoing R&D: N’
; Worklng on PrOtOtype #3 James Brau, Nikolai Sinev, David Strom — U. Oregon T
’ Chronopixel prototype 3 development board _(;:2;:255 ?;;I:EZ; Keith Baker, Christian Weber :Eﬁtronics
A monolithic CMOS design
90 nm featureI Isize, ————— m———r
7 um epitaxia ayer : €. test for erent sensor options i
280um thick chip T Option2 (DPNW)
10 ohntcm 104 T Ollen dNTIR) i
manufactured by TSMC : Option 5 (NT2F) i e i
L ——— Option 6 (NTGEB) I 3 2.7 59
A store up to 2 hits per pixel,2 bit per st 4 4.9 33
timestamps = 5 4.9 33
A 25um pixel pitch £ o L ° > .
¥ E i X
Chronopixel PIC 16F1527 microcontroller A ImplementS 6 sensor diode OptionS E a Slgnal / n0|Sé 1/SC]I’t(C)
o L Measurementsy Nick
Many problems solved; concept proven valid .
Al ' P | Sinevat SLAC over
1
*New?* - [rradiation tests at Yale 2 e R manyyears
N. Sinev threshold (mV)

Neutron Irradiation
4 MeV proton incident on ’Li target to produce neutrons
total number of neutrons created is eventually determined by radiation assay of target T|D tests

Chronopixel still functional after 103 n.,/cm? 1 MeV protons incident on Chonopixel
\ ‘ Multiple runs, track functionality by Sr90 count rate

150 1 MeV proton irradiation study, 4 mV threshold

. . 0 sensor type 1
1000 . . ] sensor type 2
sop X x =

sensor type 4

Sr90 sensitivity (arb. units)

0 50 100 150
absorbed dose (Mrad)
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All Silicon Tracker
» Using Silicon micro-strips
« 25 um pitch / 50 um readout
» v2 sensor prototype July 2017*
5 barrel layers / 4 disks
Tracking unified with vertex detector
« 10 layers in barrel
Gas-cooled
Material budget < 20% X, in the active region
Readout using KPiX ASIC
« Same readout as ECAL
« Bump-bonded directly to the module
]

kPixMc¢ optimized for track
500mm pixels. Positionesn
2St: sensor +  S/IN >20

SLAC, UNM

Pixel tracke! and alignment methods (Bristol) |
Carbon fiber struct for low material, integrated services (Oxford, Lancaster, L|verp

5/27/2018 A. White SiD ALCW2018



con (Strip) Tracker v D
solin abeamtelescopeatDESY

Goal:build a large active aretelescopein a 1Tsolenoid(deliveryJan,
2019),providingresolution>10mm at bendingdirection, andalong
magneticfield > 1mm.

SiDstrip sensor

Thicknes®f 320nm A materialbudget0.3% X0
Pitch 25mm -> resolution~7.2mm, Alternate strip readout

KPlX chip

R um P~ onm g

Readoutsystem
KPiXchip:integratedpitch adapter and 1024¢hannel digitateadout
ASIC, 920 out of 10Zbnnectedto strips(2*920) 20 J‘
Goodbehaviorin IV/CVAully <o l

depleted @~50Vquite bare o | L

’ sensor(~106200nA). 5 J
ZZT.‘..I...‘I..HIHH\HHMHJ HJ_L.JJ_._.J_._L
=50 40 -30 =20 —10 O Slope [ADC/fC]




0
- ABased orKPi

ABeamtested at SLAC (first generationskd?iX

ADesign and fabricate two types of MAPS:

A For ECALkPixM-Cal)
A For tracking KPixMtrk)
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kPixM Test structure submission:

Technology LFoundry 150nm on high resistivity substrate

(2kQcm) thinned to 150um (fully depleted with 80V)

SR BER S

-~

=8

—— -

kPixM architchture

g
z Pixel size
g Array
i
z Full Size
g Max. Signal
3 Effective ENC
v Filtering
L. S/IN
In pix mem.
depth

ADC resolution
DC Power cons.

Power pulsing

monolithic pixel sensor. MA
eadout chip experiences

If funding

avalilable!

KPixM-Trk
50x500 pm?
200x2400

Stitched 5x5
reticles

1fC
<200e

LP + CDS
=20

1 bucket

12 bits
~ 20uW/pix
Yes

kPixM-Cal
1000x1000 pm?
100x94

Stitched 5x5
reticles

1pC
<1000e
LP + CDS
=4

16 buckets

12 bits
~ 20uW/pix
Yes




SID Electromagnetic Calorimeter . ¢ p -

Hi g h | Yy gr andu | a 1o
calorimetry essential for ILC
physics program:

A Particle id/reconstruction

A Tracking charged particles

A Integral part of Particle Flow
detector design

Baseline design: Silicon/Tungsten

Compact Electromagnetic Calorimeter w 13 mm Moliere Radius

20 layers 2.5 mm W (5/7 X0)
10 layers 5 mm W (10/7 X0)
30 gaps 1.25 mm w Si pixels sensors
29 X,; 1 A

AE/E’= 17%/VE

L4.36m

t142 mm

Oregon, SLAC, UC Davis




SID SIW ECal Test Beam Analysis + $ilD -

U of Oregon, SLAC, UC Davis

Test Beam Profile s

x10° GeV
o
‘STBO 1.6
9 layer Si/W
Calorimeter
~6 XO 0; 1

13 mm? pixels N r 08
—0.6

g3
12.1 GeV electrons soF- 04
_8ol- 0.2

10q 00 -80 -60 -40 -20 0 20 40 60 80 100 0
x (mm)

Simulation vs. data

Total Measured Charge per Cleaned or Simulated Electron Events (GXO) 1= I
10 [
§ Beam Test Run 43 r
5 0.8
w Beam Test Run 28 5
Simulation [
0.6
! 37.3% simulated I
events had > 1 =
One electron 'E\‘/M_O Electron
electron .
107 events T [ Separ tion
WO ..
electron EAEDCJ ncy
events =
1072 ol v b b b b b b bewnn B 1

o} 5 10 15 20 25 30 35 40 45 50
Separation (mm)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100
Tatal Measured Charae [{C]



e Enogy pr Layer v aciaton Langh X, ECal an HCal (6000 100 GV oo, hta =30, 1-0) Scaled Energy Resolution
Leakage into HCal

) ECal| HCal
% Shower Energy in HCal

Average Number of MIPs

Energy Resolutions +E

Additional signal detected in pixels along sor design
trace of activated pixel (cross talk) d shield layer

Probe-Tested Sensor

Dead Pixel

UBM built at fab'; bump bonding of KPiX easy

testing beginning ofnew* sensor bumgbonde
new cable wirdoonded. Sensor andPiXcalibrateg

ections are good.
A. White SiD ALCW2018




Scaled Energy Resolution vs True Energ

Simple Stack Electrons -- 1000 Events, Phi=0
Photons -- 5000 Events, Phi=0

Photons -- 2000 Events, Random Phi
Electrons -- 2000 Events, Random Phi

Scaled Energy Resolution vs # Thin Layers

-+- 100 GeV Simple Stack Electrons

15




12-fold barrel
geometry

Marco Oriunno
(SLAC)

Baseline technology for the SiD
HCal is Scintillator/ SiPM/Steel

UTA, SLAC

5/27/2018 A. White SiD ALCW2018
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F ;!Smadron Calorimeter S,D °

A Hadron Calorimeter
A Mechanical design following re -baselining to Ll@
Scintillator/Steel
A Follow CALICE developments, contribute to CALICE
activities.

q Start to develop SiD-specific designs for

barrel, endcaps (funding dependent). UTA SLAC



Electronics height: 17mm max
Reflector Foils Flexlead on 2
Polyimide Foil 0.8mm connector Robust Interface \ DIF, CALIB and POWER
UVLED \ Connerr mezzanine cards
\ e 2
non- il 2 Nk ~7.5|max
absorber Q/‘ 6
material e =
¥ 25 < [©
5.4mm = S
il X
. . !
sintiflator3.0mm  ff [ . (@) — / Ros
SPIRO i’ 100 J
in gt - \ Central Interface Board-
|
- kc°° ng e CIB (1.7mm thick)
Tile with Sipm _ HBU, 0.9mm thic Cassette Bottom Plate
(Printed Circuit Board) (Steel, 0.5mm thick) CIB socket (~2.4mm)

Steel 19mm

CALI@
le particle studies. ,

studies with PANDORA as prelude
physics studies

. 70GeV

"\ chargedp

UTA, SLAC
A. White SiD ALCW2018



Energy Deposit in HCalBarrel ECalBarrel SiD_o2_v03

)
"Total_E_Sigma_over_Mean_vs_E_data_05162018.6¢" weing 1:2  »
X)

"Total_E_Sigma_over_Mean_vs_E CALICE TB datad” using1:2 =

CALICE
AHCAL
Test Beam

6 =90°
/
S
SiD HCal
simulation
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Unwrapped and wrapped tiles

MPPCs on HBU backside
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varrel/
fficient flux 1l
r transport/han :
Marco Oriunno
(SLAC)
v
g""l ~-45deg
:

s ¥y 8 838 &

<50 Gauss at 15m
from beamline

.
.
e
.......

A. White SiD ALCW2018



|

" Thickness is.
3.38 cm

Flasher LED Cable connectorto  Counter mother board
Th front-end board 4
Sland\-off lermosensar ™~ / siPM mounting block

N N A

strips with WLS fiber and  SiPM readou
baseline HCal scintillator technology

layers, strip dimensions.

o

Events /1.0 cm

f
I
|
|
+

—————— S ———— =

Time resolution

v U = 1.3 Uy,
* Ulhr =0.6 Upix HWM

& IMA,848, 5459, 2017
5/27/2018 A. White SiD ALCW2018




Forward calorimetry - 5D -

A Sensor irradiation studies for Forward Calorimetry
(B. Schumm et al. UCSC 2 SLAC Expt. T-506)
BeamCal radlatlon dose at inner radius ~ 100 Mrad /year

- Gallium Arsenide sensor provided
by Georgy Shelkov, JINR

- Sn-doped Liquid-Encapsulated
Czochralski fabrication

- 300 mm thick

- 0.16 cm? area

GaAs Charge Collection afté®0 Mrad
Exposurgnew result)
(previously only for 2IMrad)

2 X, pre-radiator;
introduces a little
divergence in
shower

Sensor sample

Not shown: 4 X,
“post radiator” and
8 X, “backstop”

A A Median Charge vs. Bias Voltage for GaAs26

. GaAs26 24hr Room Temperature Anneal IV *—+ Pre-lrrad Cold

GaAs Dark |- i
Current

g g’

Z 3

=3 _
Thermal 5,
runaway?

Jnn”—~:qu,;;_mm:4 L !
Voltage (V) Bias Voltage (Volts)

Sean Hyslop




Median Charge vs. Bias Voltage for WSI-P4 600MRad
«e Pre-Irrad
«+ Pre-Anneal

R T
570 Mrad - feomreme
s+ 45°C Anneal

EXposure + s 60°C Anneal

Charge (fC)
N
ul

N
[=]

I -4 600
3 : Bias Voltage (Volts)

.
B |

WSI-P4 Charge Collection vs Collection Time at 800V Bias

Median Charge (fC)




BeamCabimulation in FLUKA D -

crossing, resulting in electromagnetic
doses as high as 100 Mrad/year

» Associated neutrons can damage
sensors and generate backgrounds in
the central detector

» GEANT not adequate for simulation of
neutron field = implement FLUKA
simulation

» Design parameters from detailed
basalineldesEilBUEREES Idea: Use FLUKA to extrapolate from UCSC

» Primaries sourced from single Guinea L :
Pig simulation of e*- pairs associated radlatlon'damage studies (T506)

with one bunch crossing Peripheral Fluence Estimates

* Front-end electronics will likely be mounted just

Overall Power Draw vs Temperature . .
outside BeamCal instrument

BeamCal Total Power Draw

J\-;
o
=
=
(=]
o
=,
e

e g Per year of ILC |
” operation

+ Electromagnetic fluence less than 10"/cm? (
) per year at any position

» These levels far below conventional levels of
concern

° Temper:alare _C_V:
Can limit accumulation to less than 100W per
year by operating below -10° C

At -30° C (standard for LHC sensor operation),
accumulation would be of order 15 W per year




BDS muon

00
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- 800 —
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shield wall
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No shielding 39.3
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spoilers + wall
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At ILC250, magnetized
spoilers without wall are
sufficient for occupancy
mitigation.

Wall might me
neccessary at higher
stages, and as a tertiary
containment device.




Tunnel wall

Cryostat
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Computing/Software/Simulation » SiiD -

SID is implemented in the common DD4hep framework, and undergoing various iterati
to incorporate geometry changes and for compatibility with the latest DD4hep
developments:

based on 2015 engineering drawings
includes a Scintillator AHCal

many custom drivers

SiD_02_v0Zobsolete includes Pandora extensions & det_type flags
required for particle flow reconstruction

same as SiD_02_ v02 but AHCal has Cu/brass

SiD 03 v03test )
=0V instead of steel absorbers

includesnew stepped Muon detector with
scintillators instead of RPCs

updated coding conventions

some new custom drivers

incorporates important changes in DDSim and
DDRec

used for current detector optimisation and

/ sensitivity studies

SiD_o02 vO03current

\ /
N\ / Work in progresst.umiCaln the full DD4HEBIDsimulation
Glasgow, PNNL, UTA, Oregon, UCS
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1==nPfoTargetsTotal && 1==nPfoTargetsTracks 1==nPfoTargetsTotal && 1==nPfoTargetsTracks
:

N

N
[=]

jry
o

(3}

i 0 . 0.05 0.1. 0:15 0.2 63.25 0.1 0.15 0.2 0.25
DirectionCorrectedCaloHit Energy ifMuon Chamber (18°GeV) DirectionCorrectedCaloHit Energy irMuon Chamber Ge\f

Hadronic Energy Measured in the ECal / GeV
(4]

=

5 10 15 20 25 30
Hadronic Energy Measured in the HCal / GeV
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https://github.com/iLCSoft/LCCalibration

SID going forward
SID has had a viable and validated design for many years.

A limited amount of very valuable R&D has been carried out
with highly constrained support.

We have a new simulation in the DD4HEP framework 2 now
verifying performance.

Following simulation verification, we anticipate a new series
of physics studies .

Developing a plan for SiD support for R&D towardsa TDR.

We have many interesting opportunities for further hardware
and software studies, and welcome new ideas !

We also welcome new members of SID !

Si D

0
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20 30 40 50
Mumber of hits per cell

» [pm]

By [mm] f, [mm]

TDR
(A)
(B)
©)

[Sx ISy RSy I

13.0
13.0
9.19
9.19

0.41
0.41
0.41
0.58

Occupancy in layer O for the new set
significantly increased with

e

respect to the TD
accommodated in SID VTX design
A whie o acweors  AnneSchuetd DESY




