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SiD PDAP Review — QOutline

- Review of SiD Detector Design Status
and Accomplishments

- Plans, R&D Studies for 2017

- Funding, SiD path forward



SID Consortium

- Consortium has been in existence since 2014

- Recent significant additions:

1) Tohoku University (Hitoshi Yamamoto) — with interests in
Semiconductor R&D, Physics Analyses, and Detector
Optimization.

2) Glasgow University (Aidan Robson) — with interests in
Silicon Tracking and a implementation of the DD4HEP-based
SiD simulation.

- We now have a established formal, but lightweight,
organization with procedures for adding new members,
making significant changes to the detector design, etc.



Recent SiD Activities

The basic SiD design has been in place for an extended period, but we
are always open to:

- New technologies

- Design optimization

- Performance improvements

- Cost reduction

Design optimization and performance studies (co-lead by Jan Strube
and Aidan Robson) have seen significant and sustained efforts during
the past year. Regular weekly meetings with many contributing
institutions and high level of student participation.

Design variations, simulation development, background studies,
subsystem performance studies are all activities that SiD can pursue in
the present situation of minimal funding. However, it continues to be
challenging to go further, e.g. building and testing significant
prototypes in a pre-TDR phase.

There is hope that the new U.S. — Japan funding will alleviate this
situation somewhat.



The SID Design Rationale

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

Design basics:

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

Highly segmented “tracking” calorimeters optimized for Particle
Flow.

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

Detector Is designed for rapid push-pull operation.
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Review of Activities by
Subsystem

Subsystem description
Summary of activities for this year



S-Layer Barrel cos(theta) = 0.99

Support Structure
.. Connections to

Pixel Disks with ~BeamTube

Support Membranes (4 Places)
- side view

130 pW / mm?

Single bunch time resolution
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With the current beam pipe design, abo
all particles leave tracks outside the bea

Consider reducing the beam pipe radius b
Additional vertex detector layer at a radiu
and a length of (2*30mm=) 60mm.?n :
Physics benefits?

A.Schuetz (DESY)



What options are considered for the SID
Vertex Detector?

The Vertex Detector Is the size of a Coke can — late
Installation — no reason to choose IMplementation now
— walt for advances in technology

« Sidiode pixels (“standard” -—.:-
technology) i IF; O
« Monolithic designs M

(MAPS, Chronopix)

_______

3-D Pixel

« Vertically Integrated (“3D”)
Approaches (VIP Chip)

* High Voltage CMOS | : FIRN
(snappy timing) L ——




Pixels can record time stamps with
300 ns period.

All hit pixels can be read out
between bunch trains (sparse
readout).

Pulsed power will not ruin
comparator performance.

All NIMOS electronics works with

acceptable power consumption —
Question remains: how does it

compare to deep P-well option?

Comparator offset calibration
works.

Sensor diode capacitance an issue
for 90 nm process.

* Prototype 3 had six sensor options
to study sensor diode capacitance.

Status of Chronopixel R&D

N. Sinev et al, Oregon/Yale Collaboration

* Aseries of three Chronopixel
prototypes yielded conclusions:

Fe5% few For dil forent semsor opdons

i ezl ] i i
o @ 5 o) T A0 W
Hits over threshold (mV)

Signal from Fe55 - 5.9 keV X-rays.

Derived cpacitances:

Opt 1—9.04 fF, Opt 2 — 6.2 fF,
Opt 3—2.73fF, Opt 4 & 5 4.9 fF,

Opt 6—8.9fF




Chronopixel R&D - Summary and plans

N. Sinev et al, Oregon/Yale Collaboration

«  Many problems solved — concept proven
to be valid.

» Large sensor capacitance in 90 nm
technology appears solved! i

* Need to fully understand sensor
operations details. We absolutely need mrm-
to measure sensor efficiency for
minimum ionizing particles.

* Cross talk issues have been addressed =
by separating analog and digital power

and adding small decoupling capacitor.
Some minor cross talk persists. Will try

to minimize more.

* Currently (2016) Yale University group
doing measurements with prototype 3
ChIpS mcludlng measurement of
minimum ionizing particles (beta-
source) and radiation hardness tests.
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Vertex Endcap Radial Occupancy for 5 Bunch Crossings
Various geometries with pixel size of 30x30 microns
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All
o Usi g
¢ 50 pr
rec
5 barrel la 4 disks
Tracking unified with verte
detector
« 10 layers in barrel
Gas-cooled
Material budget < 20% X, in
active region
Readout using KPIXASIC
« Same readout as ECAL
 Bump-bonded directly to
module
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pe test - se

25/50 pm strip pitch
Double metal layers

- Two KPiX per sensor, bump
bonded to sensor
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SiD Tracker Sensors

In 2008, SiD completed a design for Tracker Sensors and
ordered 20 prototypes from Hamamatsu.

The prototypes and test structures were received in 2008, and
we soon found that wirebonds to the sensor caused damage
to the sensors, presumably due to the oxide layer between
Metal 1 and 2 being inadequate.

At that time, Hamamatsu was told about the problem, but
negotiations were unsatisfactory and the matter was dropped
for several years.

In 2016, there was renewed interest in these sensors from
both ILD and SiD, and the subject was re-opened with
Hamamatsu. The negotiations this time seem quite favorable.
Hamamatsu will increase the oxide layer thickness which
should fix the wirebonding problem, and they will provide
Under Bump Metallization [)UBI\/I) which we have learned is
much more cost effective for the sensor vendor to provide.
We are proceeding with Hamamatsu.
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Su p pO rt U. Oxford/U. Liverpool
structures Georg Viehhauser; Joost Vossebeld

e The goal is to build structures (including services and
cooling) with less than 1% X, with lengths of several
metres

 The idea is for local supports consisting of CFRP box
channels, which combine ultra-high modulus skins, high
moment of inertia and manageable dimensions
e Services are co-cured into the structure
e Also investigating possibilities to link the box channels

Modules on top and
bottom for two strip
system adjacent
layers

\Tongue—and-groove for
possible linking to next
channel




Ongoing work in the SID Consortium

Alignment (J. Goldstein (Bristol))

* Requirements for tracking elements: Few um for vertex detector, 10-20 um for
tracker
e Survey of individual modules
* Real-time monitoring systems
» Track-based methods - ~10% high P; tracks/month
« Need studies as function of Vs, theta, momentum

Z-pole running ??

_  o(fb)
H

« SiD and ILD have been asked to make statements on the
need for Z-pole running

for 5006

Number of events

« Significant potential impact on accelerator B P

design/operation S
« Cross-sections higher at Z, but luminosity lower ﬁ f
« Impact on detector (push-pull) running schedule

« SID makes no assumption on Z-pole running for
calibration purposes.



Z-Pole Running for SiD

The 511 Consortium

DRAFT
November ¥, 2016

Abstract

The ILC detectors wall need extensive calibration and alignment, much
of which will rely on physics data  The ultimate statistical precision
achievable s hkely to depend primanly on the number of well-measured
charged tracks incdent on specific detector elements. It has been sug-
gested that it will be advantageous (or even necessary) to have significant
ILC running at /5 = 01 GaV to take advantage of the Z-pole cross sec-
tion enhancement, even if the accelerstor can only provide a much-reduced
harmanosity.

Thes preliminary study examines the expected charged particle fuxes
from all processes at 5 = 91 GeV oand 500 GeV oas a function of po-
lar angle and momentum m the transverse plane. It s found that the
ratic of the 300 GeV Hux to that at the #-pole has only a weak depen-
dence on transverse momentum and s smallest when perpendicular to the
beambline, rapudly nsing in the foreard regions. Even in the most central
region, however, the lower cross section at high energies will be largely
compensated by the expected higher luminosity. It therefore appears that
there is no advantage in taking data at the Z-pole unless the luminceity
is sagnificantly higher than that currently forseen.

1 Introduction

The physics reach of the 5iD detector st the ILC depends critically on the
calibration and alignment of the different subdetectoms. In particular, tracking
elements will need to be aligned to an socuracy of microns (vertex detector), tens
of microns (tracker) or hundreds of mierons (muon detectors), and calorimeters
will needd calibrating to achiove a jot energy resolution at the few percent level.

‘The detailed calibration and alignment stretegies for SiD will depend on
the final detector technologies, and studies have just barely started. They will
inewitahly require a combinstion of detailed survey dats, real-time monitor-
ing and physics data from collisions (and possibly even cosmic reys and beam
backgrounds).

‘The physics collizion dets available for these purposes will depend on the
integrated luminosity delivered, the cross sections of the physics processes, and
the kinematic distributions of the particles produced.

The ILC will deliver physics collisions at an energy of 250 GeV and above,
with luminosities of the order of 107 em~"s". As deseribed in the March 2016
paper from the ILC Peremeters Joint Working Group, it should also be possible




etic

Highly g
calorimetry ntial for ILC
physics program:

« Particle id/reconstruction

« Tracking charged particles
» Integral part of Particle Flow
detector design

Baseline design: Silicon/Tungs

Metallization on detector from
KPix to cable

Baseline
configuration:

+ transverse:
12 mm? pixels

+ longitudinal:
(20 x 5/7 X;)

+ (10 x 10/7 X;)
= 17%/sqrt(E)

* 1 mm readout
gaps = 13 mm
effective Moliere
radius
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Marco Oriunno
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e Parasitic crosstalk — new design has additional shield layer
e [Issue with KPiX resets causing “monster events” — understood/small change
e Move from aluminum bond pads to gold for next sensors



Test Beam Profile
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Ongoing work in the SID Consortium

 Electromagnetic Calorimeter (U. Oregon)
« New sensors w/gold bond pads and additional shielding layer
received —> next round of beam tests

« Study of required KPiX buffer depth (B. Schumm - UCSC)
for the endcap calorimeter.

n of Butfer Depth and Radius for all events

KPiX fractional hit loss as a function of
buffer depth and radius




Hadron Calorimeter
12-fold barrel geometry

F |
._.
|

Following a review — new baseline _— )
technology for the SID HCal is | / Y S
Scintillator/SIPM/Steel 4



SID Hadron Calorimeter

Steel 19mm

Reflector Foils
i

Flexlead on
0.8mm connector paopyst Interface

CALICE design
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SID Hadron Calorimeter
Simulation: DD4HEP geometry

implementation by teel 19mm
Air 2.0 mm op plate 0.5 mm
UTA (undergraduate students: S
—Eopper8:068-mm——————prpr e
And reW MyerS, ROSS MCcoy) Reftector foil 0.1 mm

Scintillator 3.0mm

Reflector foil 6.1 mm
Bottom plate 0.5 mm

Steel 19mm

l Active layer thickness = 7.383 mm

Latest UTA AHCAL Simulation
results




F.Olngo‘MK IN the SID Consortiu

« Hadron Calorimeter
« Mechanical design following re-baselining to
Ll(e{-)

Scintillator/Steel
 Follow CALICE developments




Illator strips with WLS fiber and SIPM
of the baseline HCal scintillator techno

ber of layers, strip dimensions.

Flashe_llr LED Cable connectorto  Counter mather board

Th front-end board
ermosensor SiPM mounting block

holes
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Creation time of particles hitting subdetector SiVertexEndcap | Radial position of hits over hit time, SiVertexEndcap
|

Entries 1890754 Entries 1479

Mean 30.52 £ 0.2735
Std Dev 147.4 £0.1934

rom IP/Iinner
detector

10° 1?:151 60 7

10 -
Particle creation time Hit time [ns]
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Ongoing work in the SID Consortium

« Beam-related muon background - study started
* (A. Schuetz - DESY), L. Keller (SLAC)

Beam muon hits in SiD: 3 muon spoilers
at z locations
1 bunch from IP:
« 1143m
e 1227m : o+ g |
* 1408m R ]
5m .] 1+ o Cross sw;igr;a(lj view
1 uadrupqlc T AR
"~ ~] ? = < 18.5kG

v__donut spoilef . it




Ongoing work in the SiD Consortium

o Software Development (A. Robson et al (Glasgow))

o Switch to DD4AHEP for alignment with ILD and CLICdp

wiengions

\\
Generic Detector |

Compact Detactar B iptic L—
descrption B construciors L DCECFIDT-!--FI Moce Wit

‘ g///////////////

These were a few examples of the studies being
made by SID to optimize the detector design —

plenty of room for new ideas, opportunities to
make contributions!




ails of DD4HEP simulatior

i
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SiD Plans for 2017 (1)

VTX — Oregon/Yale — continue studies with prototype #3, minimum ionizing particles,
radiation hardness
- Follow development of various technologies: 3-D, HV CMOS,...

TRK - SLAC, UNM - next generation of tracker sensors (Hamamatsu)

SLAC — kPixM development, test structure

U. Bristol — Continue development of Pixel tracker option, develop alignment procedures
Follow CF structures development in UK (Oxford, Liverpool)

Glasgow — tracking software development

ECal — Oregon/SLAC/UC Davis — new sensors (shielding layer), new prototype module
next round of beam tests
- SLAC - kPixM development, test structure

HCal — UTA — continue Scintillator/SiPM/Steel technology implementation in new
simulation framework. Start SiD-specific HCal module design — follow CALICE activities.
Work towards SiD HCal prototype modules (barrel, endcap).



SiD Plans for 2017 (2)

FCal — UCSC — continue radiation hardness studies (more beam tests?)
- Finish collision parameters study/beam cal geometry

- BeamcCal reconstruction/new framework/fast MC

- FLUKA study of neutron production from BeamCal

Computing/Software — Glasgow - DD4HEP simulation commissioning - (with many SiD
groups contributing subsystem implementations).

VD! — SLAC — Interface to ILC/MDI
- DESY/SLAC — Muon background/spoilers, FLUKA beam dump study

Physics studies planned — SLAC (T. Barklow) — general ILC physics studies, backgrounds
- Students: A. Schuetz(DESY), Bogdan(Glasgow), A. Steinhebel (UO, h ->tt), UCSC
(degenerate stau), C. Potter (UO, light MSSM)

General — Engineering (Mechanical, electronics) ?? As support allows.



Moving forward in the climate
of uncertainty

U.S. University groups waiting for the outcome of the comparative
review process (~January).

Collaborative proposal will be submitted to the recently announced U.S.
— Japan Science and Technology Cooperation Program in HEP.

Essentially no support for ILC activity at U.S. Labs.

Ongoing support in UK/Europe for ILC work (SiD and Detector R&D
groups)

Continue to work with/for the Detector R&D groups (e.g. CALICE for SiD
HCal, FCAL for SiD Forward Region).

U.S. will hold the 2017 regional meeting at SLAC — “keep a hand in the
ILC...”



SiD Spokes

Andy White, Marcel Stanitzki
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appoints

Physics
T. Barklow
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Physics

Process

Zh — qgbb
Zh — ZWW*
vTWTW

Zh — T X
prpT ()

Zh + hvv — ps"' p- X

Zh,h — bb, cg, bb, gg

SUSY, eg. [i decay

Measured

Quantity

Triple Higgs coupling
Higgs mass
B(h — WW?™)

olete”™ - voWTW™)

Higgs recoil mass
Luminosity weighted E.pp
BR(h — pTpu™)

Higgs branching fractions
b-quark charge asymmetry

[i mass

Andy White - SiD - PDAP Review 2016

Critical Physical Required
System Magnitude Performance

Tracker Jet Energy
Resolution

AE/E

and

Calorimeter 3% to 4%

Charged
Momentum Resolution

Ap:/p?

Vertex Impact
parameter

Tracker

w detector particle

Tracker 5x 1073 (GeV/e) !

5pumad
10pum/p(GeV /c)sin®/ %6

Momentum Resolution
Calorimeter Hermeticity

w detector
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