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ILD worlodwide
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Latest ILD workshop in J.apan (2012)
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DBD ILD detector

Concept is not so changed from Lol,
but much more reality included

Optimized for not only 500 GeV but also 1 Te

ILD

Yoke/! Muon HCAL FTD
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FCAL ECAL IP

ILD is larger than SiD

Components:
Vertex
Silicon tracking
(SIT/SET/ETD/FTD)
Gas TPC
ECAL/HCAL/FCAL
SC Coil (3.5 Tesla)
Muon in lron Yoke

)13 @ DESY, 27 May 2013 page 4



ILD Tracking System
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0
0/ degrees

Technology Silicon Pixel W Time Projection Chamber

Detector VTX/ SIT/SET/ETD/ TPC
FTD (inner) FTD (outer)

Point resolution
Time resolution

Occupancy
NDF of fits




1. Vertex Detector

Target: 5 um IP resolution for high-p tracks
within high background environment

3x2layers:r=16 & 18, 35 & 37, 58 & 60 mm

(option: equally spaced 5 layers at 15-60 mm)

Length: 125 mm (first 2 layers) & 250 mm (others)
cosO up to 0.9-0.97 is covered

Technology CMOS FPCCD DEPFET
Pixel size 17 / 34 um

Readout time _ Slow (intra-train)
Resolution 2.8/4 pm 14729um " similar to CMOS

Occupancy OK OK OK

Cooling Air or N, CO, (two phase) Airor N,
Radiation Tested Will be checked Tested
Technology Matured Developing Used in Belle2




2. Silicon Tracking

Detectors

« SIT - 2 double layers of strips between VTX & TPC
« SET, ETD - 1 layer strip after TPC (barrel, endcap)
« FTD -7 discs

— Inner 2 discs: pixel (similar to the vertex detector)
— Outer 5 discs: strip (similar to SIT/SET/ETD)

Functions / merits

« Time stamping (80 ns standalone, 2 ns with TPC)
* Precise points (7 um) to connect VIX/TPC/ECAL
« Calibration of TPC

Close collaboration with
SILC / SiD / LHC groups

Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 7/



3. Time Projection Chamber

Target: 8(1/p;) ~ 104 /GeV/c (TPC only)

TPC characteristics:
« Continuous tracks
strong for off-axis tracks
* PID by dE/dx possible
 Low material in barrel region
TPC options/issues
« Field distortion by ions
* Primary ion effect is not critical
* Ion-gate to avoid secondary ion
« Gas amplification
 Micromegas
- GEM

- Readout N 4;
« Pad (1 x 6 mm?) track at test beam

e Pixel Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 8




Tracking Software / Performance

Current design of the tracking

 Silicon tracking

(pattern rec. + Kalman)
using VIX + SIT + FTD

-> SiTracks

* Clupatra for TPC tracking
« Refitting SiTracks

SCRIECATEeKS

par -+
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1

2015 Reg .Jlreme-r- -
-GS _He...]lreme-r._ :
B=20" {CMOS)
B=B57 |
B=20" (FRCCO)
3 B=E57 (FRCCO)

3 p>1 GeV §
g 4500 GeV ]
n <41 TeV ]
IR AT AT R BT TR
0 02 04 06 08 1

cos(0)

tracking efficiency on ttbar events

10 10°
Momentum/GeV

track momentum resolution

with pair-ba overlaved Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 9



ILD Calorimeter System

4340 f‘:ﬂ—‘_, | ‘ I

+—— Coil !

3440 |

Highly granular calorimetry
_ 1 is essential to Particle Flow.
Good coverage in forward

| T region is also important.

LumiCal
oad

ECAL, HCAL, FCAL(LumiCal, LHCAL, BeamCal)
Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 10



1. Electromagnetic Calorimeter
Granularity of ECAL SIECAL ScECAL Fmmm

IS Crltlcal for PFA W Heat shield: 1004400 pm
-> 5 mm “pixel” for ILD & —— e
Two options (with FE emmbedded) st x 2o
« Silicon tiles alue: 75 um

« Scintillator strips _ wafer: 32§ ym

Beam test at larger tiles Kapton®tim: 100 | 8 ="°. .._
gives 6 ~ 15 % / VE m—
with good linearity in both ——

Tungsten W slab: 2. 1mm

o~
o

I
T LI

Absorber Tungsten
Sensor Si tile Plastic sci. strip

o
wn

2
T T T 17T T T T

®  uds81GeV
udz200GeV
¥ ud=380GeV

Granularity 5 x 5 mm? 5 x 45 mm? ; sy

Perf.at Zpoleqq ~4% ~4% "0 02 04 06 ;g-gmgh

RMSS0(E )/ mean(E) [%]

Perf. at high E qq  better moderate Hybrid option is

| (optimization needed) being investigated
Taikan Suehara, ECFA2013 @ DESY, L1 viay LU IV payc | |




2. Hadron Calorimeter

Particle separation at HCAL is also SDHCAL S coppr
very important in PFA resolution Anode resiive costing

Glass plate (0.7 mm)

3 ] G it
Two optlons. I Chamber wall (1.2 mm)
Glass plate (1.1 mm)

Analog HCAL vs. Semi-Digital HCAL N Calhods reisive costing

Spacer (1.2 mm)

ASIC (HARDROC)
PCB
Pads (copper, 1 cm2)

Flexlead on
0. 8mm connector

| UVLED

_ Reflector Foils
Palyimide Faoil

A\

non

absorber|

Absorber Iron, 2 cm thick x 48 layers, 6 A,

"|':'|TD'IE|Z:
Sensor Sci + SiPM Glass RPC e ey
Granularity 3 x 3 cm? 1x1cm? sy
Readout analog 2-bit _sp.ntér:;z; ,
neu OUJ; / -'II Cooling P;n
Cost Moderate Moderate Tile with SIPM. ., % % Circur Boara)
: ! o LA RS B 3 )
Cell sizes optimized for D) e { ; P
AHCAL as 3x3 by jets, 5“0 kmcev e <& © ok —
and 1x1 by kaon o .
for SDHCAL e ¥ YE e
Similar result shown P2 T
in ttbar analysis at 500 GeV aL ; | .
T |:|” -2-- 4 I Iﬁ” Ig 10 :.. | P P P FER FUTTE AT PR IR

Coanalsvas g 1 L1 el
. @ 10 20 30 40 S0 60 70 S0 90 100
HiCAL Call Sizafrm =TS



Particle Flow Performance

Particle flow (PandoraPFA) is updated from Lol, gives better
performance esp. at higher energies

DBD, |cos6| < 0.7

cf. Lol
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(3.17 £ 0.05) %

Jet Energy Imsgy  IMSge/\/E;;/GeV og, /E; og, [E;

15 GeV 2.4 GeV 24.7%  (3.66 £0.05)% (3.71 = 0.05)
100 GeV 4.0 GeV 28.3% (2.83+0.04)% (2.95 £+ 0.04) %
180 GeV  7.3GeV 385% (2.86+0.04)% (2.00 + 0.04) %
250 GeV 104 GeV 16.6% (2.95+0.04) %

¥
1

60

BDI | 100 B m‘IEG
(m +m,)/2 [GeV]

vwWW & vwZZ separation

at 1 TeV, Lol detector



Other Components

 Coil/Yoke/Muon

— Coil: 4 Tesla design
(ILD nominal: 3.5 T)
with integrated Anti-DID

— Yoke: Fe + Muon sandwich
— Muon: Sci (7-10 x 27-30 mm)
or RPC (1 x 1 cm?, 1-bit) worked
also as tail catcher of HCAL
 FCAL (LumiCal/BeamCal)
for e*e pair and two-y tag
— LumiCal: Silicon pads with
10-bit readout

— BeamCal: GaAs or
CVD diamond

Taikan Suehara,



ILD Engineering Study

* “First engineering model” appeared after studies on
— Mechanical Structure, Support Structure
— Cabling, Cooling, Power pulsing
— Detector Integration, Installation

— Detector Alignment, Calibration, push-pull study
— DAQ etc.

« Simulation model also gets much more reality




Software in DBD

DBD Condition

— Detector gets much reality (ladders, dead regions, etc.)
— Background included - yy->hadrons, pairs
— Requirement of more performance

Software Updates
— Tracking rewritten from fortran to C++ for dense tracks
— PandoraPFA rewritten as modular framework
— KT jet clustering for yy->hadron removal
— Isolated lepton finder with lepton p/E after jet clustering
— Vertex clustering for better flavor tagging

— LCFIPlus (vertex finder rewritten with intensive tuning,
TMVA BDT used, more input variables)

Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 16



Some plots with new software

yy->hadron with kT jet Flavor tagging performance

[ Inoyy bkg.
[~71vy -= had., Durham
Flyy-=had, KtR=1.3

a)Z—qg
—Js =91 GeV
\Js =250 GeV

0

0

i Iﬁerrlnile;;tnnli{: t:np:
¢ Full hadronic top ]

\
[ a)d)2 enqdsGICRVGEY S
—VTX-DL :
---VTX-SL
-\ TX-DL with background

02 04 06 08 1
m'Suehara, ECFA201 Efficiency




DBD Physics Analyses

DBD detectors, yy->hadron overlaid (except hhh analysis)

Vs =
TeV

L=0.5
ab
for each
P =
(-80,+20)
/
(+80,-20)

500 GeV

vvh->vvbb
vvh->vvce
vvh->vvgg
vvh->vwWW*(4))
vvh->vvupu
ee->\WW

tth
tt->bbqgqqq

tt->bblvqq

Zhh + vwhh
vvhh

AcBR
/cBR

for each P

AP/P
for e-/e+

AQin/Guin
Ars

0.54/2.1 %
5.7/36.8 %
3.9/25.7 %
3.6/23.7 %
41% |/ -

0.19/1.13 %

4.3 %
3.0/3.2 %

1.7/1.3 %
3.3/3.7 %

44 %

6 + 8 jets

0.25 ab! at each pol,
Consistent to Lol

0.25 ab! at each pol

e e*g only, 2ab"

Z\PAY



Conditions:

1 TeV Analysis: vvh -> vvqq

H.Ono

DBD, my = 125 GeV
vy->hadron overlayed
Kt jet clustering 2

forced 2-jet, R = 1.1 = - SR
LCFIPIlus re-JC & flavor tag Reconstructed mass (GeV)

Cuts on: Including b-likeness cut -

Thrust < 0.95
100 < E,;, <400 GeV

Pr>50GeV NN

NchargedPFo > 15 o
|cos6, | < 0.95 Pur. ~ 33%

, 50 100 150
110 < M” <150 GeV Taikan Sueharz Higgs mass (GeV)




1 TeV Analysis: vvh -> vvqq

Template fit with b-, c-, bc- likeness; Toy-MC with 5000 data sets
SM bkg I

1000

so0d L
good- e
40047

SO0004=

4ooood -
300004 T T
zoo004-- "

H.Ono

.;;-118 5 |
*%EE‘;D-E n 0.2 0.4 LOI, mH=120

[u]

1 TeV DBD gt

500 fh—1

1 ab—1

my=125 EGEKe

P(—0.8, +0.2)

P(+0.8,

P(—0.8, +0.2)

AoBR /aBR(h — bb)

0.54%

0.39%

AaBR/aeBR(h — cg)

3.9%

AcBR/oBR(h — gg)

:-'_]:.l’:‘:lsrrli:'l

Ma

500 fh—1

P(—0.8,

+0.3)

0.6%




1 TeV Analysis: vvh -> vwWW?

H.Ono

bb

Higgs decay channels

Z "-:r"

Higgs BRs 57.8%

0.23%

0.16%

Conditions: Almost the same as qq
* 4-jet clustering instead of 2j
Cuts on:
EgcaL - Thrust, E, Pr, Nepro > 29
lcos6;| < 0.9
Y,3 and Y, (JC threshold)
Anti-btag (sum b-like < 0.8)
60 < My, <95 GeV
15 <My, <60 GeV
110 < M,, < 140 GeV

Just Integrated lnminosity

- Signal+All BG

500 fb—1

I v v . | | All BG {h— gg,others+SM Bi
800 |- [ swss
|:| Signal (h— WW*— 4j)
------- h— gg
w) BDD N h—s others
@
Lﬁ 400 |+
200 |

Higgs mass (GeV)

500 fb—1 1 ab—1

Beam polarization Ple—, e™)

counting

P(—0.8, +0.2)

P(+0.8, —0.2)||P(—-0.8, +0.2)

S&N

after cuts

Signal significance (5//S + B) 27.9 4.2 30.7
AcBR/eBR(h — WW™ — 4j) 3.6% 23.7% 2.5%




1 Tev AnaIyS|S VVh -> va‘p’ C.Calancha

Higgs decay channels|bb cC oo |WWT

Higes BRs 57.8%|2.7% 8.6 |21.6%

preselection cuts

Muons

Opposite sign charges
Emuonl + E?nuonz < 400 GeV
|M(pu+, p~) — 125 < 30 GeV/c?
F > 300 GeV
# charged PFO’s with F > 15 GeV< 4
# charged leptons with £ > 15 GeV< 3

optimized cuts for S/NS+B

Table 3: Result of the optimization.

Er> 40 GeV

E> 550 GeV

SISl 124 — 126 GeV window: S=14.95, B=21.96, ~2.3c
BCal < 70 GeV

charged PFO -
o] D | T T T I T T T I T T T I T T T 1 II i T T
E > 15 GeV @ 10 BN b +BG
EcaiE—'flr(EccﬂE' + Ecai__H) < 0.5 o) : E_.G
(EcuIE' + ECQEH}HP' < 0.3 E 8 — :
\do/Adp| < 5 7] i
Dimuon system = -
o 6F
:, -
L _
) ]D—

ik
~

QED 122 124 126 128 130
M(p) [GeV/c?]

S/NS+B = 0.444 + 0.015, AcBr/cBr =44 + 3 %




1 TeV Analysis: WW  jasse

Target: luminosity-weighted HM . E;"].
polarization measurement e Jo Bifem

Procedure: o

* Use only semileptonic WW 1000

(for charge/mass reconstruction) 0 o0

« Preselection by Npgo, P+, E.ie, My 0025 —

» |solated lepton selection > 002F \

KT jet clustering: R=1.3, 2-jet Cootsp, O

« 2C kinematic fit 001f "

« Tau veto & Mass & cos0,, cut 0005Fu Tt

POlarization CaICUIation: 0 hf;n*mn;“il’ﬂ: .l-zuz'j:;cf
» Blondel scheme: use o for 1 Luminosity [fb”]
(+4),(+-),(-+),(--) = (1:1:1:1) data 1ab™ result AP /P AP+ [P
» Angular fit: use cos6,, distribution f’}“ﬁfﬂ“i P
to be compared with templates Fit method ~ 0.11% 0.6%

— (4-N-A- (10% ++/—-)

(++4),(+-),(-+),(--) = (1:4:4:1) or (0% 47—

+-),(-+) onl Fit method 0.19% 1.13%
( )’( ) y Taikan Suehara, EC QRGP ey B S




1 TeV Analysis: tth  [Tedssi

Direct measurement of top-Yukawa coupling
N, (6glv) = 629, ny, (8q) = 653 at 500 fb-! each pol.

o
=]
=

.
(=]

Procedure:

« Use 8q/ 6qglv final states

* |solated lepton search
based on E,/E,

* 4-momentum cons. for p,

* Ky JC w/R=1.2 for yy->hadron

« y*-based jet-pair selection
with b-tag value by L CFIPIlus Semileptonic (Cut)

Hadronic (Cut)

H
>
o
o
1
(o]
T—
=
c
3
o
Q

Count /2.5 GeV

Variables for cuts or TMVA: Semileptonic (TMVA)

° Nisolep’ EViS’ NPFO’ thrust Hadronic (TMVA)

« Jet Clustering y; _

. Helicity of Higgs decay with TMVA BDT results

Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 24



Procedure:

500 GeV: tt hadronic

To repeat the Lol analysis with improved geometry and software

Signal only (no process bkg.)
vy -> hadron is overlaid

6-jet clustering by LCFIPIlus
(Durham based)

2 b-tag by LCFIPIlus -> 2 tops

10000

} -2 = L
—
= u wix

x? based jet-pair selection - _

%2 cut, mass cut jet charge distribution - consistent with Lol
Jet charge determination [ i g o
(LCFIPIlus)

Calculate Arg

almost the same result
as Lol is obtained




tt semileptonic at 500 GeV

Semileptonic is more suitable for Az because of easier charge determination

— lepton angle
—eHeL

_eer ) ------- Generator - Whizard
) . 5 B’ Reconstructed
— Reconstructed with cut on »<

---Generator - Whizard

......

0. *% 10.3)
10.8,-0.3)

(0A¢) stat. O AL ) syst. —
for PP=“ i[;}.&;. +0.3 - usable for determining
(). .. iy
0.016 0.010 top form factors

Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 26



Zhh and vvhh at 500 and 1000 GeV

500 GeV result -l
— 22:1:22(2) ; :;:‘V MR | category S B SHB

T - bbbbbb

qgbbbb

vvbbbb

o h
[A%]

0
o
c
RS
prar]
[&]
8]
w
w
w
o
(@)

O L o et
400 600 800 1000 1200 1400
Center of Mass Energy / GeV

eebbbb

500 GeV - Zhh dominant nubbbb

(67 — heavy tt background)  Combined: o = 0.22 + 0.06 fb, 5.0 & excess
1 TeV —vvhh dominant A | Mo = 44% (incl. event weighting)

Condition: 1 TeV result cf. 57% in Lol
« my =120 GeV, 2 ab’ S =35.7,B=33.7, 7.2 ¢ excess
* Nno yy-> hadrons Ahpnn | Mnn = 18% (incl. event weighting)

* Zhh: 5 categories of Z  petter sensitivity on A, mainly
bb, qq, vv, ee, up comes from larger dependence of  on A,
Durham JC, LCFIPlus 'Much improvement of Lol thanks to new flavor
« Using TMVA MLPs tagging & intensive optimization of analysis

for bkg. separation Tz -> many ideas for improvement still under study



Reprocessing 250/350/500 GeV

For staged construction of ILC, 250 GeV performance
with latest software is critical.

250/350/500 GeV samples in DBD cfg. almost ready.

Higgs recoil & Br. analysis will be redone
for snowmass input

Plenty of other physics programs still ongoing
— tt threshold analysis at 350 GeV for top-Yukawa

— h -> tt analysis (3.5% obtained with Lol sample)
(those two are also for snowmass)

— Zhh with h->bbWW*

— BSM searches (incl. SUSY), Exotic Higgs searches

— more coming...
Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 28



ILD Cost

Sum ILC: 336 — 421 Million ILCU
(ILCU = US$ at Jan. 2012)

mean cost
for ECAL/HCAL

'_-r_IIIII T .-I
i, L
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S

Mo
P W

 Manpower, R&D not included

» Uncertainty: about 20%
Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 29




Summary / Comment

 Many achievements in ILD DBD
— Feasibility and realism of the detector shown
— First engineering design completed
— All DBD benchmarks + o covered

 Post-DBD studies include

— Engineering study of mass production,
large prototype, infrastructure etc.

— Physics with 125 GeV Higgs and more
(mainly lower energy than 1 TeV)

— Detector optimization by physics view

Taikan Suehara, ECFA2013 @ DESY, 27 May 2013 page 30



