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Introduction

Present optimisation studies

Detector-component optimisation in ILD (post DBD):
@ Presently
@ Mainly has been about ECal
@ Aimed at cost-reduction.
@ Only considers JER as metric - mainly for highest energy jets.

@ Studies on:

e Sensitive detector technology
o Number of layers
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Introduction

Present optimisation studies

Detector-component optimisation in ILD (post DBD):
@ Presently
@ Mainly has been about ECal
@ Aimed at cost-reduction.
@ Only considers JER as metric - mainly for highest energy jets.

@ Studies on:

e Sensitive detector technology
o Number of layers
o Radius and/or length

This will have implications on the tracker!
What is the prize to pay in tracker - and
ultimately physics - performance !?
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Effects of Tracking geometry

Effects of Tracking geometry

Reminder:

A(1/p7) L2 (2 purely geometric + ( >) 0.5 because of less
points in TPC).

e But only linear in o0, and B-field

@ Please note: Stored energy in B-field «B°V, so at equal stored
energy, a smaller detector can have a higher field.

B
® Also: 02,1 rpc = 03(SIN ) + 7. ‘éé.n)e Z, C3(B) x 1/(1 + (uB)?) =
complicated relation, but gets better with shorter drift-length and

higher B.

@ Also: Higher B-field = possible to have smaller
beam-pipe/vertex-detector = better IP-resolution.
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Detailed estimation: SGV

@ The description of the point-errors in the TPC have been extended
to include all the terms in the description. Inputs:

@ opy and at oz zero drift length.

Zero B-field diffusion in Re.

Mobility.

Track-radial direction angle dependence of op.
Ratio of diffusion in Z and R¢, default 2.
Numbers (mostly) from Ron Settles for T2K gas.

@ Replace the default simplified TPC layer structure (pad-rows
grouped by 9) to the full 225 layers ILD to simplify scaling.

@ Script to scale the default ILD.
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TPC point-resolution vs. Z and B in SGV and DBD

@ Points:
Prototype
measurements
(from DBD/DBD
SVN)

@ Lines: Formula
used in SGV.

Mikael Berggren (DESY)

6R¢[cm]

0.05

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01

0.005

0 sl b b L
0 25 50 75 1001

ILD tracker size

TR AT AT |
25 150 175 200 225 250
Drift length [cm]

9th ILD opt

6/17



Effects of Tracking geometry

Vertex-detector size and B

@ If the B field goes from
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Effects of Tracking geometry

Vertex-detector size and B
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Effects of Tracking geometry

Vertex-detector size and B

@ If the B field goes from
@ ..35Tto
@ ...5T,

@ the cone of
beam-strahlung pairs
get squeezed.

@ The radius of the edge
of the cone  1/B.
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Effects of Tracking geometry

Vertex-detector size and B

@ If the B field goes from
@ ..35Tto o
0.09
@ ...5T, 008
@ the cone of 007
beam-strahlung pairs 006 ——
get squeezed. 0.05
@ The radius of the edge 22: —
of the cone o 1/B. '
0
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proportion to B = better o,
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Geometry used

Geometries used

| studied five different ways to change the ILD baseline geometry. For
each of these | did modifications in 5 steps:

(All showing the largest modification using SGV:s detector description
visualiser)
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Geometries used

| studied five different ways to change the ILD baseline geometry. For
each of these | did modifications in 5 steps:

@ Keep baseline aspect o

ratio. 250
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© Keep aspect ratio = 1
O Keep baseline length.
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Other options

Apart from the pure modifications of the geometry, | considered

@ Only Outer extent of the TPC modified. Everything outside was
also moved, as was the FTD strip-discs. VTX, SIT and FTD pixels
unchanged.
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Other options

Apart from the pure modifications of the geometry, | considered

@ Only Outer extent of the TPC modified. Everything outside was
also moved, as was the FTD strip-discs. VTX, SIT and FTD pixels
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Results: helix parameters

Effects of Tracking geometry on helix parameters

Check A(1/p) and A(ipr,) at different p and cos 6 (A(ipz) similar to
A(lprg), angles not relevant - the other uncertainties dominate)

@ Red/magenta: fixed
aspect-ratio, decrease size.

@ Blue: fixed R, decrease Z.

@ Green/orange: fixed Z,
decrease R.

@ Black: TDR detector.
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Results: helix parameters

Effects of Tracking geometry on helix parameters

Check A(1/p) and A(ipr,) at different p and cos 6 (A(ipz) similar to

A(lprg), angles not relevant - the other uncertainties dominate)
Geometry reldp Geometry+B etc.
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@ Red/magenta: fixed
aspect-ratio, decrease size.
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Effects of Tracking geometry on helix parameters
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Results: helix parameters

Effects of Tracking geometry on helix parameters

The point of the exercise is to reduce the size (=area) of the

calorimeters (in particular ECal). Here | show the performance as a
function of AECaI/AECaI, TDR

@ Circles/triangles: fixed
aspect-ratio.

@ Squares: fixed R.

@ Stars/inv. triangles:
fixed Z.

Filled: OnI‘ modif‘ i eometry; Open: also do other changes.
Mikael Berggren (DESY)
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Effects of Tracking geometry on helix parameters

The point of the exercise is to reduce the size (=area) of the

calorimeters (in particular ECal). Here | show theJo

function of Agca/AEcal oR

5 1.2
@ Circles/triangles: fixed ;i'(lj
aspect-ratio. 0'9;
@ Squares: fixed R. 098.2
@ Stars/inv. triangles: 038
fixed Z. 12
A(1/p), barrel. st :
1/p), endcap. “Los :

(
A(iprg), barrel.
A(ipgy), endcap.

Filled: Only modify geometry; Open: also do other changes.
Mikael Berggren (DESY) ILD tracker size 9th ILD opt

erformance asa

ip, theta=30
= 1.2
N 115 |
P & 3 L1
yTB VLV L
¥ QN 1.0? . 7
095F % T
09 &
7 0.85 |-
P R P R
06 08 1 08 06 08 1
Rel. surface Rel. surface
s 1.2
5115 |
3 1.1
#1.05 |
- prn— 1 - T-
| 0o b o
%cg 0.9 F %M
Fo< 085 F <&
Y N R | NN M
0.6 038 1 08 0.6 0.8 1
Rel. surface Rel. surface

11/17



Results: helix parameters

Effects of Tracking geometry on helix parameters, 4T

The same, but assume increasing B to 4T already in the baseline:

@ Circles/triangles: fixed
aspect-ratio.

@ Squares: fixed R.

@ Stars/inv. triangles:
fixed Z.

Filled: Only modify geometry; Open: also do other changes.
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Effects of Tracking geometry on helix parameters, 4T

The same, but assume increasing B to 4T already in the baseline:
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Results: helix parameters

Effects of Tracking geometry on helix parameters, 4T

The same, but assume increasing B to 4T already in the baseline:

@ Circles/triangles: fixed
aspect-ratio.

@ Squares: fixed R.

@ Stars/inv. triangles:
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@ A(1/p), barrel.
@ A(1/p), endcap.
@ A(iprg), barrel.

Rel. error
—_
o=

—_ =

dip, theta=90

Filled: Only modify geometry; Open: also do other changes.
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Results: helix parameters

Effects of Tracking geometry on helix parameters, 4T

The same, but assume increasing B to 4T already in the baseline:
dip, theta=30

@ Circles/triangles: fixed
aspect-ratio.

@ Squares: fixed R.

@ Stars/inv. triangles:
fixed Z.

@ A(1/p), barrel.
@ A(1/p), endcap.
@ A(iprg), barrel.

@ A(iprg), endcap.

‘5 1.2 a ‘5 1.2 [
5115 F = 4 51.15 |-
3 LI P LT
1.05 | 8] !’B 1.05
1 ;}Ej{»g}é 1 I PEPEEE g —
095 095 - o™
0.9 | 09 &%’
A
0.85 - 0.85 -
P R BN N R B
08 0.6 0.8 1 0.8 0.6 0.8 1
Rel. surface Rel. surface
s 1.2 5 1.2
5115 | 51.15
3 1.1} 5 1.1
#1.05 [ #1.05 [
l A GF OO ¥ GENENS- l A OF O V0 ¥ GENENS-
095 | 095 |
0.9 09
0.85 [ LT | 0ss | i
0.8 L1 oK | 0.8 MRS oKk M|
06 08 1 06 08 1
Rel. surface Rel. surface

Filled: Only modify geometry; Open: also do other changes.
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: mesurables

@ Look at ete™ —ZH,
Z—utu ,H— X.

@ Signal only, perfect u
finding, SGV.

Mikael Berggren (DESY) ILD tracker size 9th ILD opt 13/17



Higgs recoil-mass @ 350 GeV: mesurables

@ Look at ete™ —ZH,
Z—utu ,H— X.
@ Signal only, perfect u
finding, SGV.
@ Recoil-mass =
\/(Ez — Ecus)? — P2,
where
E;= EH+ + EM—,,[_)Z =
pu+ + pufs
Ecms =nominal=350.
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: mesurables

@ Look at ete™ —ZH,
Z—utu ,H— X.

@ Signal only, perfect u 700 £
finding, SGV. S0 £
@ Recoil-mass = 00
2 A2 200 F
\/(EZ - ECMS) — Pz, 100 f
where 5000 150200 R R N T
EZ — Eu+ + EM_ le — Sum of E, Angle between s
— — 80 F
Pu+ =+ Py 70 W
Ecims =nominal=350. ol
@ So,it’s all about ol
. i 2 F
measuring the p:s ! o b
5000 1s0 00703 04 06 08 1
E}J cos(@p)
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: mesurables

@ Look at ete™ —ZH,
Z—utu ,H— X.

@ Signal only, perfect 250 | 700 £
. . E 600
finding, SGV. };5)3 3 500 f
. E 400 F
@ Recoil-mass = 1000 £ oo b
> —5 750 | 200
(EZ - ECMS) - sz ;(5]8 : 100 |
where 067750100 150 200 R R N T
EZ — Eu+ + EM_ le — Sum of E, Angle between s
— — E 80 F
P+ + By mE 0 W
Ecms =nominal=350. s | 50
@ So,it's all about i Wl
; . 50 F 20 F
measuring the p:s ! s E o0 |
@ Note: E range 20 to 0650 0180 0070204 06 08 1
160, 6 in barrel. B R
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: The recoil mass

@ Ecps #nominal, due to
beam spectrum.

500 E 1800 FTrue B
3 1600 £
@ Assume Ecps known 200 b 1400 |
E 1200 E
= see effect of 300 [ 1000
r 800
detector alone. 200 | 600 F
100 | 400 £
iumwm‘m‘u 200 F
0342 344 346 348 350 352 0

S I s i
120 122 124 126 128 130
E\s[GeVl Recoil mass [GeV]
350 fTrue B,

250 [Seen

200 f
150 F
100 |

50 [

0

Bl nl it 10 - N R
120 122 124 126 128 130 120 122 124 126 128 130
Recoil mass [GeV] Recoil mass [GeV]
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: The recoil mass

@ Ecps #nominal, due to

beam spectrum. c .
P o | o [T By
@ Assume Ecps known 200 b 1400 |
E 1200 E
= see effect of 300 [ 1000
£ 800 |
detector alone. 200 £ 600 F
100 [ 400
@ Or: Assume p:s I AT L ) STV T N
342 344 346 348 350 352 120 122 124 126 128 130
perfeCtIy measured = Eqys[GeVl Recoil mass [GeV]
see effect of 350 FTrue E, 250 [Seen
beam-spectrum alone. wE | 20 |
200 £ 150
150 100 [
100 £ F
50 F 0 b
0 020125 124 126 128 130

Bl nl it 10
120 122 124 126 128 130
Recoil mass [GeV] Recoil mass [GeV]
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Results: Higgs recoil-mass @ 350 GeV

Higgs recoil-mass @ 350 GeV: The recoil mass

@ Ecps #nominal, due to

beam spectrum. wo F 10 FTrae Epys
@ Assume Ecps known 200 b 1400 £
E 1200
= see effect of 300 [ 1000
£ 800
detector alone. 200 | 600 |
100 F 400
@ Or: Assume p:s I AT L ) SO T N
342 344 346 348 350 352 120 122 124 126 128 130
perfeCtIy measured = Eqys[GeVl] Recoil mass [GeV]
see effect of 350 fTrue B, 250 [Seen
beam-spectrum alone. wE | 20 |
@ Fold the two: the 20 20
observable distribution. 100 o1
50 0 F
0 0120125 124 126 128 130

S N I
120 122 124 126 128 130
Recoil mass [GeV] Recoil mass [GeV]
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Higgs recoil-mass @ 350 GeV: The good, the bad, the
ugly

@ This shows observable
recoil-mass for the r
nominal ILD (black), the 250 [
worst case (red) and i
the best case (blue) 200 [

150
100

50

0 IS L T I T T T D D T
120 121 122 123 124 125 126 127 128 129 130
Recoil mass [GeV]
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Higgs recoil-mass @ 350 GeV: The good, the bad, the

ugly

@ This shows observable
recoil-mass for the

nominal ILD (black), the ™|
worst case (red) and 100 F
the best case (blue) 1400 -

@ ... and this shows the 1200 |
case if Ecys would be 1000 |
known, ie. the pure 800 [
detector effect. 600 |
400 —

200 ,

o L O et I I TSP N
120 121 122 123 124 125 126 127 128 129 130
Reeoil mass-(true Eqy,o) [GeV]

Mikael Berggren (DESY) ILD tracker size 9th ILD opt 15/17



Higgs recoil-mass @ 350 GeV: fits with different
options

To substantiate: Fit the recoil-mass (Gaussian from 120 to 126.5 GeV
in the observable case, free Gaussian in the Egys-known case)

) g 14l | |
® oM recoil for a = . . §
representative set of CIRTY A T 1
: © r | . |
options. L i R IN
1E T 3 ;
0.8 -
06 |
0.4 ;
[ Shrink with Some | Shrink and
r const.asp. iother | increase B.
02 T ratio ishrink  junchanged  reduced
r ‘options | vtx detector
e b b b b b b b 1y
0 0 2 4 6 8 10 12 14 16
Detector
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Higgs recoil-mass @ 350 GeV: fits with different
options

To substantiate: Fit the recoil-mass (Gaussian from 120 to 126.5 GeV
in the observable case, free Gaussian in the Egys-known case)

® oM recoil for a = “r _
representative set of g 1l o |
X 5 t N | |
options. Yo et
. 18 O i 0 0 o
@ Same, but in the “4T” o
case. 08 -
06 [
04 § § 1
[ Shrink with {Some Shrink and
r const. asp. iother ! increase B.
02 ratio ishrink {unchanged  reduced
r ‘options ! vtx detector
e b b e b b e
0 0 2 4 6 8 10 12 14 16
Detector
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Higgs recoil-mass @ 350 GeV: fits with different
options

To substantiate: Fit the recoil-mass (Gaussian from 120 to 126.5 GeV
in the observable case, free Gaussian in the Egys-known case)

@ o recoil fOr @ E T
representative set of g Ll
. 5 T} 1 1
options. 5 5
H “ Eh r i i
@ Same, but in the “4T [ N §
case. 08 [ o ‘
| ¢ R B
® oM recoil for a 06, * 3 i sie .
representative set of ; ; ;
. . 04 - : : '
options, if Ecys would [ Shrink with Some |  Shrink and
F const. asp. iother increase B.
be known. 02 ratio P ishrink {unchanged  reduced
r ‘options ! vtx detector
T e Y 0 16

Detector
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Higgs recoil-mass @ 350 GeV: fits with different
options

To substantiate: Fit the recoil-mass (Gaussian from 120 to 126.5 GeV
in the observable case, free Gaussian in the Egys-known case)

@ o recoil fOr @ E T
representative set of g 1l
. 5 | | |
options. 5 5
H “ Eh r i i
@ Same, but in the “4T [ N §
case. 08 | .
[ ¢ 5 e ® ©
® oM recoil for a b, v o VL. ettt
representative set of o ° | °oce ’
. . 04 - : : '
options, if Ecys would [ Shrink with Some |  Shrink and
F const. asp. iother increase B.
be known. 02 ratio P ishrink {unchanged  reduced
H “ ” [ ' i S ! d
@ Same, but in the “4T N SR vt BT Saa Sa
case 0 2 4 6 8 10 12 14 16

Detector
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Conclusions

Conclusions

@ A large number of possible ways to reduce the size of the ILD
tracking system were studied.

@ A number of auxiliary changes that a reduced size would allow for
were also studied: Increased B-field, changes of the inner radius
of the TPC and/or the vertex detector.
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tracking system were studied.

@ A number of auxiliary changes that a reduced size would allow for
were also studied: Increased B-field, changes of the inner radius
of the TPC and/or the vertex detector.

@ The errors of the basic helix parameters were evaluated for all of
these scanning in momentum at a few fixed 6 angles or in § at a
few fixed momenta.
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@ A number of auxiliary changes that a reduced size would allow for
were also studied: Increased B-field, changes of the inner radius
of the TPC and/or the vertex detector.

@ The errors of the basic helix parameters were evaluated for all of
these scanning in momentum at a few fixed 6 angles or in § at a
few fixed momenta.

@ In addition, the precision on My from the recoil-mass method was
evaluated with with SGV for a sub-set of the options.
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Conclusions

Conclusions

@ A large number of possible ways to reduce the size of the ILD
tracking system were studied.

@ A number of auxiliary changes that a reduced size would allow for
were also studied: Increased B-field, changes of the inner radius
of the TPC and/or the vertex detector.

@ The errors of the basic helix parameters were evaluated for all of
these scanning in momentum at a few fixed 6 angles or in § at a
few fixed momenta.

@ In addition, the precision on My from the recoil-mass method was
evaluated with with SGV for a sub-set of the options.

@ All taken together, the option with R7pc=160 cm and/or Z ;.. 7p¢
between 230 and 190 cm would be a viable option, provided the
B-field is increased.
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Conclusions

Conclusions

@ A large number of possible ways to reduce the size of the ILD
tracking system were studied.

@ A number of auxiliary changes that a reduced size would allow for
were also studied: Increased B-field, changes of the inner radius
of the TPC and/or the vertex detector.

@ The errors of the basic helix parameters were evaluated for all of
these scanning in momentum at a few fixed 6 angles or in § at a
few fixed momenta.

@ In addition, the precision on My from the recoil-mass method was
evaluated with with SGV for a sub-set of the options.

@ All taken together, the option with R7pc=160 cm and/or Z ;.. 7p¢
between 230 and 190 cm would be a viable option, provided the
B-field is increased.

@ These values correspond to a reduction of the ECal area of
between 15 and 25 %, and a B-field between 3.7 and 3.9 T (or 4.2

to 4.4, if the baseline field would be increased to'4 T)
Mikael Berggren (DESY) ILD tracker size 9th ILD opt 17/17



	Outline
	Introduction
	Effects of Tracking geometry
	Geometry used
	Results: helix parameters
	Results: Higgs recoil-mass @ 350 GeV
	Conclusions

