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— ECAL group wants to reduce the radius of calorimeter to 1600 mm or 1400 mm.

     to reduce the high cost of SiECAL

Trong Hieu TRAN SiW ECAL-sDHCAL dimension-performance optimisation 7/15

Jet energy resolution vs RadiusJet energy resolution vs Radius
JER is determined using Z → uds
(Z decaying at rest– qqbar)
CM energies:
91, 125, 200, 380, 500 GeV
→ Jet energies:
45, 62, 100, 180, 250 GeV

This study: This study: solid lines, solid lines, 

PandoraPFANew v0.09PandoraPFANew v0.09

Results for AHCAL @ LoI Results for AHCAL @ LoI 

– – dashed lines, dashed lines, PandoraPFAPandoraPFA

recent updates for AHCALrecent updates for AHCAL

– – dotted lines, dotted lines, 

PandoraPFANew v0.12PandoraPFANew v0.12

(cf. J. Marshall's @ LCWS13.)(cf. J. Marshall's @ LCWS13.)

sDHCAL seems to have 

similar resolution at medium 

energies as AHCAL

SiW ECAL: 5×5 mm2, AHCAL: 3×3 cm2, sDHCAL: 1×1 cm2

Trong Hieu TRAN (LLR) @ LCWS13

1. Small ILD.

— In that case,

     TPC also has to reduce the radius to about 1600 mm or 1400 mm.

2. Our main purpose.

— ILC project exists, firstly, for high precision measurement of higgs.

— Precise measurement of σzh and Mh using recoil mass technique with l-channel

     is one of the KEY measurement to study higgs. 

— For precise measurement, the radius is important in terms of momentum resolution (1/L^2.5) 

— With smaller radius,  we will not be able to achieve the precision which we want to.

Motivation
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JER vs inner R_ECAL



1. Using SGV fast simulation, I checked detector performance or its tendency.

SGV Tracker simulation

SGV: How tracking works
SGV is a machine to calculate covariance matrices

Tracking: Follow track-helix through
the detector.

Calculate cov. mat. at perigee,
including material,
measurement errors and
extrapolation. NB: this is
exactly what Your track fit
does!
Smear perigee parameters
(Choleski decomposition:
takes all correlations into
account)
Helix parameters exactly
calculated, errors with one
approximation: helix moved to
(0,0,0) for this.

Mikael Berggren (DESY-HH) SGV CSS-EF WS, Apr 2013 7 / 18

mm Full(DBD) Geom1 Geom2 Geom3 Geom4 Geom5 Geom6
1808 1818 1709 1600 1491 1382 1273
2350 2403 2225 2048 1871 1694 1517

LAYER           :  TPC
REPEAT         :  TIMES=26, DELTA_R=5.448
GEOMETRY :  R=39.5  , ZMIN=0.0, ZMAX=230.25

2. Concerning geometry.

— Geometry of TPC is made by iteration of sensitive object.

ILD_00 
Mikael Default setting

From Mikael(DESY) slides

— I changed “TIMES” to make small TPC,     like 26, 24, 22, 20, .…

— Same time, make geometries  be small, proportionally,
     keeping thickness of geometries and empty part in default thickness. 

DELTA_R=5.448
DELTA_Z=230.25/26~8.85

LAYER             :  TPC-OWALL       
GEOMETRY   :  R=181.8 , ZMIN=0.0, ZMAX=240.25
MATERIAL     :  X0=.0200082718,  A=6
MEASUREMENT  :  CODE=0

TPC_Outer Wall R
TPC_Outer Wall Z

Simulation - Geometry
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1. Signal and all Bkg are reconstructed using each TPC radiuses.

2. Condition.

— √s is 250GeV (L=250fb^-1)   and   350GeV (L=350fb^-1).

— Beam polarization is (-0.8, +0.3)

— Reconstruct Z (with best µ-pair) and apply γ recovering  (cosθ > 0.9992).

3. Particle identification.

— In case of full simulation, we can apply particle identification.
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Efficiency and purity of µ-ID is  more than 99%.

— In case of SGV simulation, we can not apply particle identification, 
    (apply only momentum cut).
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Look MC-truth-link, take it if particle type is µ. 

— 9 processes. ( Sig & SM bkg)

Simulation - Condition
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At ILC all but the σ measurement using recoil mass 
technique is σ×BR measurements. 

37
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At LHC all the measurements are σ×BR measurements. 

The Key

Key Point

σ 
from recoil mass

g2HAA / �(H ! AA) = �H ·BR(H ! AA)

sig)



Only Signal
σ_reso from contribution of beam and detector .

δMh  ~  σpt  ~  1/L
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1.  Contributions from the beam spread and the uncertainty of detector response.

σpt  ~  1/L^2.5 Not subtract
beam spread

Fit only sharper region withGPET

— σ_detector (detector contribution) is   300 MeV  ( at TPC outer R 1.8 m ).
                                                                    400 MeV  ( at TPC outer R 1.4 m ).

⇧
 (SG

V
) Tracking perform

ance degrades ~ 33 %
 ( R
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Resolution degrades   ~   33 % ( R: 1.8 m ⇨ 1.4 m ).  

Detector Resolution  √s=250GeV
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Subtract 
beam spread

σ_beam< 400 MeV

— Include beam spread.
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 σ_reso^2 = σ_beam^2 + σ_detector^2

⇧
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ance degrades ~ 33 %
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Resolution degrades   ~   10 % ( R: 1.8 m ⇨ 1.4 m ).  
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Fit only sharper region withGPET

1.  Contributions from the beam spread and the uncertainty of detector response.

Not subtract
beam spread

Subtract 
beam spread

σ_beam< 600 MeV

⇧
 (SG

V
) Tracking perform

ance degrades ~ 33 %
 ( R

: 1.8 m
 

 σ_reso^2 = σ_beam^2 + σ_detector^2

— σ_detector (detector contribution) is   850 MeV  ( at TPC outer R 1.8 m ).
                                                                   1200 MeV  ( at TPC outer R 1.4 m ).

⇧
 (SG

V
) Tracking perform

ance degrades ~ 33 %
 ( R

: 1.8 m
 

Resolution degrades   ~   41 % ( R: 1.8 m ⇨ 1.4 m ).  
— Include beam spread.

⇧
 (SG

V
) Tracking perform

ance degrades ~ 33 %
 ( R

: 1.8 m
 

Resolution degrades   ~   25 % ( R: 1.8 m ⇨ 1.4 m ).  

※ Detector contribution is more dominant, compared with 250GeV.



Together with BG
Precision of σzh and Mh.
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Do not use “recoil”,
because this variable effects on
peak region strongly.
It will cause the bias of estimation. 

— After applied all cut, input remaining events to MVA

1.  Same cut values are applied for each detector model.

Variables to Suppress BG  
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1.  GPET(sig) + 4th Pol(bkg).
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Combined p.d.f. = YieldSig * GPET ➕ YieldBkg * 4thPoly.

2.  Kernel(sig) + 4th Poly(bkg).
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Note the use the container class RooArgList to pass a list of objects as a single argument in a 
function. RooFit has two container classes: RooArgList and RooArgSet. Each can contain any 
number RooFit value objects, i.e. any object that derives from RooAbsArg such a RooRealVar, 
RooAbsPdf etc. The distinction is that a list is ordered, you can access the elements through a 
positional reference (2nd, 3rd,…), and can may contain multiple objects with the same name, while a 
set has no order but requires instead each member to have a unique name.  You can read more 
about the properties of RooArgSet and RooArgList in Section 11. 
 
The number of components a RooAddPdf can sum together is not restricted to 2, you can add any 
arbitrary number of components. Here is an example that adds three p.d.f.s with two coefficients: 
 

 
// model2(x) = fsig*sig(x) + fbkg1*bkg1(x) + (1-fsig-fbkg)*bkg2(x) 
 
RooAddPdf model2(“model2”,”model2”,RooArgList(sig,bkg1,bkg2), 
                                   RooArgList(fsig,fbkg1)) ; 
 

 
When you build a ‘regular’ p.d.f, i.e. when you fit for fractions rather than numbers of events, the 
number of coefficients should always be one less than the number of p.d.f.s. 
 

The extended likelihood formalism 
Here is a revision of the first example that uses the extended likelihood formalism, i.e it implements 
formula (2) rather than formula (1): 
 

 
RooRealVar x(“x”,”x”,-10,10) ; 
 
RooRealVar mean(“mean”,”mean”,0,-10,10) ; 
RooRealVar sigma(“sigma”,”sigma”,2,0.,10.) ; 
RooGaussian sig(“sig”,”signal p.d.f.”,x,mean,sigma) ; 
 
RooRealVar c0(“c0”,”coefficient #0”, 1.0,-1.,1.) ; 
RooRealVar c1(“c1”,”coefficient #1”, 0.1,-1.,1.) ; 
RooRealVar c2(“c2”,”coefficient #2”,-0.1,-1.,1.) ; 
RooChebychev bkg(“bkg”,”background p.d.f.”,x,RooArgList(c0,c1,c2)) ; 
 
RooRealVar nsig(“nsig”,”signal fraction”,500,0.,10000.) ; 
RooRealVar nbkg(“nbkg”,”background fraction”,500,0.,10000.) ; 
 
RooAddPdf model(“model”,”model”,RooArgList(sig,bkg),RooArgList(nsig,nbkg)) ; 
 
// shape: model(x) = nsig/(nsig+nbkg)*sig(x) + nbkg/(nsig+nbkg)*bkg(x) 
// norm:  Nexpect  = nsig + nbkg 
 
// Combined: Nexpect*model(x) = nsig*sig(*x) + nbkg*bkg(x) 
 
 

Example 5 – Adding two pdfs using two event count coefficients 
 
The only difference between Example 4 and Example 5 is that you supply RooAddPdf with an equal 
number of models and coefficients. 
  
In practical terms the difference between the first and the second example is that in the second form 
the RooAbsPdf object model is capable of predicting the expected number of data events (i.e. 
nsig+nbkg) through its member function expectedEvents(), while model in the first form cannot. 
This extra functionality provides the information necessary to construct the extended likelihood. 
 
NB: When you fit extended likelihood models such as Example 5 you should explicitly invoke the 
construction of extended likelihood term in the fitTo() operation using the Extended() option as will 
explained shortly in the fitting section  

From RooFit manual
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UnbinnedUnbinned likelihood fitlikelihood fit
1. Fit:

• Use the sidebands to build the background Pdf
Pdf_bg = GL(RooKeysPdf) Bs(Pol)

• Use control channel to build the signal Pdf
Pdf_sg = GL(RooKeysPdf) Bs(gauss) 

2. Build the Signal+ background Pdf:
Pdf_peak = Ns Pdf_bg + Nb Pdf_bg

3. Simulneous fit of side-bands and peak to extract Ns

5429.6

5309.6

0.5 1.0

Kernel estimation in High energy Physics 
(K. Cranmer): (non parametric Pdf)
http://cdsweb.cern.ch/record/477713?ln=en

Kernel is 

Fitting Functions

- Impact of the Radius   -10

— Normalize Sig events to 1, and also Bkg.

— Fit Sig with GPET and Bkg with 4th Poly, respectively, 

      to determine the shape of distributions.

— Combine two functions and make all parameters (except mean of gaussian) fix,

      and add two parameters ,“Yield-Sig”, ”Yield-Bkg” to combined function.
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1. Typical distribution of data & combined p.d.f.
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— All information from analysis.
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— Result from ToyMC.

GPET(sig) + 4th Poly(bkg)    √s=250GeV
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— All information from analysis.
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- Impact of the Radius   -13
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1. Typical distribution of data & combined p.d.f.
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— Result from ToyMC.
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— All information from analysis.
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Fitting function : GPET(sig) + 4Poly(bkg)
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— Result from ToyMC.
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— All information from analysis.
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— All information from analysis.

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

)
S+

B
Si

gn
ifi

ca
nc

e 
(S

/
16

18

20

22

24

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

/S
)

S+
B

A
cc

ur
ac

y 
(

0.04

0.045

0.05

0.055

0.06

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

/D
O

F 
S+

B 
w

/ c
om

bP
D

F
2

Χ
(1

st
 F

it)
 

0

0.5

1

1.5

2

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2(1

st
 F

it)
 N

sig
 fr

om
 b

kg
 w

/ c
om

bP
D

F

0

50

100

150

200

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

N
sig

 fo
r 

in
pu

t

500

1000

1500

2000

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

(T
oy

M
C

) #
 N

sig
 / 

N
in

pu
t

0.9

0.95

1

1.05

1.1

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

(T
oy

M
C

) #
 N

bk
g 

/ N
in

pu
t

0.9

0.95

1

1.05

1.1

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

ZH
σ

(T
oy

M
C

) B
ac

k-
C

al
cu

la
te

d 

6.6

6.8

7

7.2

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

 [%
]

ZH
σδ

(T
oy

M
C

) 

5

5.5

6

6.5

L cut  
-0.8 -0.6 -0.4 -0.2 0 0.2

 [M
eV

]
H

Mδ
(T

oy
M

C
) 

80

100

120

140

TPC_DBD_Full
TPC_OuterR_181.800_OuterZ_240.256
TPC_OuterR_170.904_OuterZ_222.544
TPC_OuterR_160.008_OuterZ_204.832
TPC_OuterR_149.112_OuterZ_187.120
TPC_OuterR_138.216_OuterZ_169.408
TPC_OuterR_127.320_OuterZ_151.696

-1Ldt=350fb∫ = 350  s

Fitting function : GPET(sig) + 4Poly(bkg)

)=P(-80%,+30%)+,e-P(e

ToyMC 
δσzh

ToyMC 
δMh



Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100  0.16±RMS =  9.15 
 0.23±Mean =  132.49 

Entries =  1601

 0.054±RecoilShift =  0.011 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

 0.12±RMS =  12.18 
 0.17±Mean =  137.14 

Entries =  5044

 40±pram0 =  1564 
 0.30±pram1 = -33.075 
 0.0020±pram2 =  0.2706 

 0.000012±pram3 = -0.0009957 
 0.000000057±pram4 =  0.000001381 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Pr
oj

ec
tio

n 
of

 S
ig

 a
nd

 B
G

 P
D

F’
s

0

0.005

0.01

0.015

0.02

0.025
BkgYield =  5044.30

 0.054±RecoilShift =  0.011 
RooRecoil =  125.12
SigYield =  1601.08

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100  26±BkgYield =  0 

 0.054±RecoilShift =  0.011 
 40±SigYield =  1601 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

 94±BkgYield =  5032 

 1.2±RecoilShift =  0.6 
 76±SigYield =  12 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

50

100

150
 106±BkgYield =  5006 

 0.085±RecoilShift = -0.0018 
 89±SigYield =  1639 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80  0.16±RMS =  9.19 
 0.23±Mean =  132.50 

Entries =  1602

 0.069±RecoilShift =  0.003 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

 0.12±RMS =  12.18 
 0.17±Mean =  137.18 

Entries =  5057

 26±pram0 =  855 
 0.16±pram1 = -15.704 
 0.00099±pram2 =  0.11754 

 0.0000058±pram3 = -0.00043089 
 0.000000030±pram4 =  0.000000674 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Pr
oj

ec
tio

n 
of

 S
ig

 a
nd

 B
G

 P
D

F’
s

0

0.005

0.01

0.015

0.02 BkgYield =  5056.52

 0.069±RecoilShift =  0.003 
RooRecoil =  124.21
SigYield =  1601.75

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80  27±BkgYield =  0 

 0.069±RecoilShift =  0.003 
 40±SigYield =  1602 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

 71±BkgYield =  5057 

 0.84±RecoilShift =  0.00 
 63±SigYield =  0 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

50

100

150
 112±BkgYield =  5065 

 0.12±RecoilShift = -0.041 
 95±SigYield =  1593 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100
 0.17±RMS =  8.76 

 0.24±Mean =  132.03 
Entries =  1354

 0.052±RecoilShift =  0.012 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

10

20

30

40
 0.18±RMS =  11.58 

 0.25±Mean =  135.42 
Entries =  2190

pram0 = -34825.562216931052
 0.086±pram1 =  994.313 

 0.00066±pram2 = -10.576564 
pram3 =  0.04975457904

 0.000000017±pram4 = -0.0000874153 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Pr
oj

ec
tio

n 
of

 S
ig

 a
nd

 B
G

 P
D

F’
s

0

0.01

0.02

0.03
BkgYield =  2189.90

 0.052±RecoilShift =  0.012 
RooRecoil =  125.12
SigYield =  1353.68

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100
 22±BkgYield =  0 

 0.057±RecoilShift =  0.012 
 37±SigYield =  1354 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

10

20

30

40
 64±BkgYield =  2161 

 1.1±RecoilShift =  1.0 
 44±SigYield =  29 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100

120

140
 78±BkgYield =  2151 

 0.077±RecoilShift =  0.016 
 73±SigYield =  1393 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80
 0.17±RMS =  8.87 

 0.24±Mean =  132.14 
Entries =  1371

 0.072±RecoilShift =  0.003 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

10

20

30

40

 0.17±RMS =  11.62 
 0.24±Mean =  135.52 

Entries =  2285

pram0 = -14597.683878729080
 0.070±pram1 =  411.634 

 0.00058±pram2 = -4.312804 
pram3 =  0.01995236980

 0.000000015±pram4 = -0.0000344413 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Pr
oj

ec
tio

n 
of

 S
ig

 a
nd

 B
G

 P
D

F’
s

0

0.01

0.02

0.03
BkgYield =  2285.14

 0.072±RecoilShift =  0.003 
RooRecoil =  124.21
SigYield =  1370.85

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80
 20±BkgYield =  0 

 0.072±RecoilShift =  0.003 
 37±SigYield =  1371 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

10

20

30

40

 48±BkgYield =  2285 

 1.4±RecoilShift =  0.0 
 86±SigYield =  0 

with Poisson error bars

Recoil Mass [GeV]
120 130 140 150 160

Ev
en

ts
 / 

( 0
.4

2 
)

0

20

40

60

80

100
 83±BkgYield =  2287 

 0.015±RecoilShift = -0.0613 
 77±SigYield =  1369 

with Poisson error bars

- Impact of the Radius   -19

TPC
OuterR_1818
OuterZ_2402 
L cut = -0.04 

TPC Outer
Wall R_1818
Wall Z_2402   
L cut = -0.72 

TPC Outer
Wall R_1382
Wall Z_1694   
L cut = -0.72 

TPC Outer
Wall R_1382
Wall Z_1694   
L cut = -0.04 

Kernel(sig) + 4th Poly(bkg)    √s=350GeV

1. Typical distribution of data & combined p.d.f.



Kernel(sig) + 4th Poly(bkg)    √s=350GeV

- Impact of the Radius   -20

— Result from ToyMC.
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— All information from analysis.
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— All information from analysis.
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—  GPET(sig) + 4th Poly(bkg). —  Kernel(sig) + 4th Poly(bkg).
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Fitting function : GPET(sig) + 4Poly(bkg)
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Fitting function : KNel(sig) + 4Poly(bkg)
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1.  √s=250 GeV, L=250fb^-1 my DBD full-simu:     
δσzh = 4.22 ± 0.02 [%],  δMh = 36.4 ± 0.01 [MeV]

2.  √s=350 GeV, L=350fb^-1 my DBD full-simu:     
δσzh = 5.70 ± 0.03 [%],  δMh = 97.1 ± 0.03 [MeV]

Summary (w/ Kernel + 4th Poly) on µ-channel
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SGV momentum resolution

SGV Tracker simulation

SGV and FullSim LDC/ILD: momentum resolution

Lines: SGV, dots: Mokka+Marlin
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The silicon part of the ILD tracking system is made of four components: 
two barrel components, the Silicon Inner Tracker (SIT) and the Silicon External Tracker (SET), 
one end cap component behind the endplate of the TPC (ETD), and the forward tracker (FTD). They form the Silicon Envelope [31]. 

The barrel silicon parts SIT and SET provide precise space points before and after the TPC; 
this improves the overall momentum resolution, helps in linking the VTX detector with the TPC, 
and in extrapolating from the TPC to the calorimeter. 
The coverage of the TPC with silicon tracking is completed by the ETD, 
located within the gap separating the TPC and the end-cap calorimeter. 
Together these systems help in calibrating the overall tracking system, in particular the TPC. 
The good timing resolution of the silicon detectors relative to the time 
between bunches in the ILC together with the high spatial precision helps 
in time-stamping tracks and assigning them to a given bunch within an ILC bunch train.

Part II 2.2. The ILD Silicon Tracking System

Table 2.2.1: Main parameters of the central silicon systems SIT, SET, and
ETD.

SIT characteristics (current baseline = false double-sided Si microstrips)

Geometry Characteristics Material

R [mm] Z [mm] cos ✓ Resolution R-� [µm] Time [ns] RL [%]

153 368 0.910 R: �=7.0, 307.7 (153.8) 0.65

300 644 0.902 z: �=50.0 �=80.0 0.65

SET characteristics (current baseline = false double-sided Si microstrips)

Geometry Characteristics Material

R [mm] Z [mm] cos ✓ Resolution R-� [µm] Time [ns] RL [%]

1811 2350 0.789 R: �=7.0, 307.7 (153.8) 0.65

ETD characteristics (current baseline = single-sided Si micro-strips, same as SET ones)

Geometry Characteristics Material

R [mm] Z [mm] cos ✓ Resolution R-� [µm] RL [%]

419.3-1822.7 2420 0.985-0.799 x: �=7.0 0.65

A central design feature of the silicon envelope detectors is that the same sensor
type is used throughout the system. This minimises the complexity of this large
system, and will help to minimise the costs. Similarly the same mechanical design
for the basic detector unit, the ladder, is used throughout. It is based on modern
silicon detector technology, deep sub-micron (DSM) CMOS technology for the front-
end (FE) electronics with a new on-detector electronics connection and new material
technology for the support structure. Special challenges for ILD are a significant
reduction in material compared to the most recent examples of large scale silicon
detectors (e.g. currently running LHC detectors), operating at very low power, and
reaching excellent point resolution and calibration.

The SIT is positioned in the radial gap between the vertex detector and the
TPC. Its role is to improve the linking e�ciency between the vertex detector and the
TPC; it improves the momentum resolution and the reconstruction of low p

T

charged
particles and improves the reconstruction of long lived stable particles. The SET is
located in the barrel part between the TPC and the central barrel electromagnetic
calorimeter (ECAL). The SET gives an entry point to the ECAL after the TPC field
cage. It acts as the outermost silicon layer in the central barrel and also improves
the overall momentum resolution. The SIT and SET, in addition to improving
momentum resolution, provide time-stamping information; by combining the hits
from these silicon detectors (especially the SET) with the TPC hits, a very precise
time stamping is possible as explained in details in section 4.1.2.5. These two central
silicon components may serve in monitoring the distortion of the TPC and for the
alignment of the overall tracking.

The ETD is positioned between the TPC end plate and the end cap calorimeter
system. The ETD provides an entry point for the calorimeter and improves the

March 1, 2013 23

Silicon Tracking

SIT characteristics (current baseline = false double-sided Si microstrips)

Geometry Characteristics Material

R[mm] Z[mm] cos✓ Resolution R-�[µm] Time [ns] RL[%]

165 371 0.910 R: �=7.0, 307.7 (153.8) 0.65

309 645 0.902 z: �=50.0 �=80.0 0.65

SET characteristics (current baseline = false double-sided Si microstrips)

Geometry Characteristics Material

R[mm] Z[mm] cos✓ Resolution R-�[µm] Time [ns] RL[%]

1833 2350 0.789 R: �=7.0, 307.7 (153.8) 0.65

1835 2350 0.789 z: �=50.0 �=80.0 0.65

FTD characteristics (current baseline = pixels for first 3 disks, microstrips for the other 4))

Geometry Characteristics Material

R[mm] Z[mm] cos✓ Resolution R-�[µm] RL[%]

39-164 220 0.985-0.802 0.25

49.6-164 371.3 0.991-0.914 0.25

70.1-308 644.9 0.994-0.902 0.25

100.3-309 1046.1 0.994-0.959 �=7.0 0.65

130.4-309 1447.3 0.995-0.998 0.65

160.5-309 1848.5 0.996-0.986 0.65

190.5-309 2250 0.996-0.990 0.65

ETD characteristics (current baseline = single-sided Si micro-strips, same as SET ones)

Geometry Characteristics Material

R[mm] Z[mm] cos✓ Resolution R-�[µm] RL[%]

419.3-1822.7 2426 0.985-0.799 x:�=7.0 0.65

419.3-1822.7 2428 0.985-0.799 y:�=7.0 0.65

419.3-1822.7 2430 0.985-0.799 z:�=7.0 0.65

TABLE 4.2-3
The projected values of basic SIT, SET, FTD, and ETD characteristics.

TPC

Beam pipe

FTDSITVTXInner Support Structure
(ISS)

Adjustable support of 
ISS on TPC endflange

VXD supported by 
beam tube

Beampipe supported by cables 
from support structure

Cables/servicesBellows
(both sides)

FIGURE 4.2-2. Silicon tracking components as described in the Table 4.2-3 (GEANT 4-based simulation).
The plot on the right shows a side-view of the inner silicon tracking system, including the support structure.

a number of studies have been performed based on both fast simulation and the MOKKA-
Marlin and GEANT 4 simulation. Some of the most relevant results (evaluation using fast
Monte Carlo, muon tracking) are shown in Figure 4.2-3.

For tracks in the barrel region the present combined Silicon and TPC tracking system

ILD - Letter of Intent 57
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1.  Contributions from the beam spread and the uncertainty of detector response.
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Throw away SET & ETD
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1.  All information from analysis.

1 1 input
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1.  All information from analysis.
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— All information from analysis.
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— All information from analysis.
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