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.Outline

® How to design and optimise Your own ILC detector on the back of an envelope:

® Why size matters.
® Only a TPC: Analytical calculations and fast simulation
® Adding the rest: VD+SIT, SET, forward trackers

® |eading to:
® A modest proposal

Detailed studies of the SIT-SET-ECT
Conclusions

ob
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.Expected momentum resolution

® What we measure directly is curvature(p = 1/R), or more directly the sagita (S) over
the length of the coda ().
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.Expected momentum resolution

L I

What we measure directly is curvature(p = 1/ R), or more directly the sagita (S) over
the length of the coda ().

p =25/ [(L/2)* + 8%| = o(p) = o(S)/L? %8 [11;48(;5/;22]2 ~ 80(S)/L2if

S <« L,buto(S) = 20(S)/L?if S = L/2 (ie. if the track turns back).
o(S) = \/(astart/2)2 + (0end/2)? + o2 ., for 3 evenly spaced points.
psinf =p, = 0.003B/pie. 1/p =330sin6p/B
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.Expected momentum resolution

°

o

What we measure directly is curvature(p = 1/ R), or more directly the sagita (S) over
the length of the coda ().

p =25/ [(L/2)* + 8%| = o(p) = o(S)/L? %8 [11;48(;5/;22]2 ~ 80(S)/L2if

S <« L,buto(S) = 20(S)/L?if S = L/2 (ie. if the track turns back).
o(S) = \/(astart/2)2 + (0end/2)? + o2 ., for 3 evenly spaced points.
psind =p, = 0.003B/pie. 1/p = 330sin0p/B

o(1/p) = (330/B) sin 05 (p) (ie. o (p) = (330/B) p?sin o (p))
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.Expected momentum resolution

» 5O
o(1/p) = (8 ¥ 330/B) sin 6o (S)/L? at high p
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.Expected momentum resolution

» 5O
o(1/p) = (8 ¥ 330/B) sin 6o (S)/L? at high p

Sagita errors:
® Three points, all with the same error: o(S) = 0pointV'6/2
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Expected momentum resolution

» 5o
o(1/p) = (8 ¥ 330/B) sin 6o (S)/L? at high p
Sagita errors:
Three points, all with the same error: o(S) = opoint V6/2
Three points, first point “fixed” o (S) = apo,,;ntﬁ /2

Three points, first and last point “fixed”: o(S) = opoint

L I I

Many points, all with the same error:
® group the points in the first, second and third thirds.
® Theno(S) = (opoint/\/1/3)V6/2.

® L should be reduced by one third since the first point is in the middle of the first
third, the last in the middle of the last third!

This simple rule is good to ~30 %.
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.TPC alone

Lets see what the TPC alone gives. As an exam-
ple: R;nner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmazr = 250 cm, B = 4T,
Opoint =060 p, 25 layers.

300

250

100

50

50

|
100

|
150

|
200

|
250

300

.- p.5/1!



.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: R;nner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmazr = 250 cm, B = 4T,
Opoint =060 p, 25 layers.

TPC

No Multiple Scattering

1
‘ W

A%/p) [GeV/c]™

® Expect 0(1/p) o< sinf/L? in the
barrel, and o sin6/(tan%/269 —
(Zmaz/Rinner) In the forward. The i
extra 1/+/tan 6 because in the forward 4
region, npeints o< L. At 90°. The 10
thu.mb-rule gives 35 % more than the ex-
act result from SGV.
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Lets see what the TPC alone gives. As an exam-
ple: R;nner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmazr = 250 cm, B = 4T,
Opoint =060 p, 25 layers.

1
=

1
=
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——  Constant errors

——  Z dependent errors

A(1lp) [GeVic]
g

® Expect 0(1/p) o< sinf/L? in the 3
barrel, and o sin6/(tan%/269 — ’
(Zmaz/Rinner) In the forward. The [
extra 1/+/tan 6 because in the forward -4

region, npeints o< L. At 90°. The 104
thu.mb-rule gives 35 % more than the ex- f
act result from SGV. 10 -5
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Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T,
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.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T,
Opoint =60 w1, 25 layers.

® Discs: Fight the 1/, /Mpoints. BUt:
What You gain on the outside, You loose

on the inside: as the angle decreases, the
tracks will pass the inner hole of more
and more disks
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.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T,
Opoint =60 w1, 25 layers.

® Discs: Fight the 1/, /Mpoints. BUt:
What You gain on the outside, You loose

on the inside: as the angle decreases, the
tracks will pass the inner hole of more
and more disks

® Better Discs: Extend to lower inner
radius for lower Z, ie. the tracks traverse
all disks down to the edge of the
acceptance. Big effect:
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.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T, 1

Opoint =60 w, 25 layers. %10
-. ' . % — TPC
Discs: Fight the 1/, /M points- BUL: O 4 | et s
What You gain on the outside, You loose = =10 F withconstart mini aocptnce
on the inside: as the angle decreases, the 2 |
tracks will pass the inner hole of more = a
and more disks 10 ¢ -

® Better Discs: Extend to lower inner ,
radius for lower Z, ie. the tracks traverse -4
all disks down to the edge of the :
acceptance. Big effect: [
o(1/P) o sin §/(tan? ), ie the term 5
Zmaz | Rinner above vanishes. 10 07010203040506070809 1

tan(©)

.- p.5/1!



.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T,

Opoint

9

=60 u, 25 layers.

Discs: Fight the 1/, /mpoints. BUL:
What You gain on the outside, You loose

on the inside: as the angle decreases, the
tracks will pass the inner hole of more
and more disks

Better Discs: Extend to lower inner
radius for lower Z, ie. the tracks traverse
all disks down to the edge of the
acceptance. Big effect:

o(1/P) o sin §/(tan? ), ie the term
Zmaz | Rinner @b0ve vanishes.

Almost equivalent: The FTD, ie. only
disks inside the TPC.
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.T PC alone

Lets see what the TPC alone gives. As an exam-
ple: Ripnner = 36.2CM Royter = 168.2 cm,
(ie L = 132cm), Zmaz = 250 cm, B = 4T,

Opoint

9

=60 u, 25 layers.

Discs: Fight the 1/, /mpoints. BUL:
What You gain on the outside, You loose

on the inside: as the angle decreases, the
tracks will pass the inner hole of more
and more disks

Better Discs: Extend to lower inner
radius for lower Z, ie. the tracks traverse
all disks down to the edge of the
acceptance. Big effect:

o(1/P) o sin §/(tan? ), ie the term
Zmaz | Rinner @b0ve vanishes.

Almost equivalent: The FTD, ie. only
disks inside the TPC.
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.A full tracking system

Now add the other elements
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.A full tracking system

Now add the other elements

9

Vertex detector and SIT: The effective L
Increases from 88 cm to 146 cm, ie
1/L?decreases by a factor 2.8. The
start-point is now “fixed”” so o (.S)
decreases by 10 %. Expect a factor 3
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.A full tracking system

Now add the other elements

%) i
® \ertex detector and SIT: The effective L~ =, o Tromeoease
increases from 88 cm to 146 cm, ie Q10 — advorsT
1/L?decreases by a factor 2.8. The ;O-‘ L sETHRCH
start-point is now “fixed”” so o (.S) 3

decreases by 10 %. Expect a factor 3 ,
® SET: effective L increases from 146 to -4

10 ¢
170 cm, and o (.S) decreases by 10 %. :
Expect 35% better. Forward chambers:
similar to the SET
-5HH\HH\HH\H\\\\u\\HH\HH\HH\HH\HH
10 0 0102030405060.70809 1

tan(©)
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.A full tracking system

Now add the other elements

——  TPCwith small forward disks

® \ertex detector and SIT: The effective L
Increases from 88 cm to 146 cm, ie
1/L?decreases by a factor 2.8. The
start-point is now “fixed”” so o (.S) 7 reToR
decreases by 10 %. Expect a factor 3 , \\

® SET: effective L increases from 146 to 10 4
170 cm, and o (.S) decreases by 10 %.
Expect 35% better. Forward chambers:
similar to the SET

® The base-line LDC (“TDR”): Differs in 5
the geometry of the FTD 10 G561 02 030405 06070809 1
tan(©)

[
o
T

—  ...andVD+SIT

—— .. and SET+FCH = New FTD

A(Lp) [GeV/c] ™
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.A full tracking system

Note: 3 -3
(=)
3
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4 0D
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10 0 0102030405060.70809 1
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.~ p.7/1!



.A full tracking system

? i h
NOteZ % 3 The TDR
I(2'10 I —— NewFTD
® |: The divergence in the TDR: Once the =
last disk is hit, the 1//tan @ is back ! 2 N
4 D
10 | \
\\.
-5HH\HH\HH\u\\\\u\\HHMHT\HH\HH\HH
10 0 0102030405060.70809 1
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.A full tracking system

H',§| 7
NOteZ % 3 The TDR
I(2'10 I —— NewFTD
® |: The divergence in the TDR: Once the =
last disk is hit, the 1//tan @ is back ! 2
® |I: The step: End of The Vertex Detector , \
4 D
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A full tracking system

H',§| 7
Note: % -3 The TDR
I(2'10 I —— NewFTD
® |: The divergence in the TDR: Once the =
last disk is hit, the 1/+/tan 6 is back ! 3 |
® |I: The step: End of The Vertex Detector ! \\
® Remedy I:Add disks all the way to the 10"
end of the TPC (5 more strip-disks) 5 \
, -
s
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.A full tracking system

Note:

© o0

I: The divergence in the TDR: Once the
last disk is hit, the 1/v/tan 6 is back !

I1: The step: End of The Vertex Detector

Remedy I:Add disks all the way to the
end of the TPC (5 more strip-disks)

Remedy II: Add a pixel disk with
Opoint = 4pjust outside the VD

=
o

A(Lp) [GeV/c] ™

10

10

-5
0 010203040506070809 1

The TDR

I — NewFTD

—— New FTD + VD disk

tan(©)
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.A full tracking system

Since the TDR, it has been proposed to modify
the FTD with better point resolution, but keeping
the geometry. How does that compare, and what
happens if | also use these values?
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.A full tracking system

Since the TDR, it has been proposed to modify P
the FTD with better point resolution, but keeping S . The TOR
the geometry. How does that compare, and what ﬁlo e
happens if | also use these values? ;d :
® The TDR <
-4
10
5
10

0 0.10203040506070809 1
tan(©)

.- p.8/1!



.A full tracking system

Since the TDR, it has been proposed to modify
the FTD with better point resolution, but keeping
the geometry. How does that compare, and what
happens if | also use these values?

The TDR

—— TDRwith enhanced FTD

A(L/p) [EeV/c]'l
o

® TheTDR
® The TDR, with the mini-pixel discs 4
replaced by micro-pixels 10 +

(0point = 4p), and the mini-strip discs
by micro-strips (opoint = 71).

-5
0 0102030405060.70809 1
tan(©)
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.A full tracking system

Since the TDR, it has been proposed to modify P
the FTD with better point resolution, but keeping S 3’
the geometry. How does that compare, and what ﬁlo b
happens if | also use these values? ;Q:
® The TDR <
® The TDR, with the mini-pixel discs _47
replaced by micro-pixels 10
(0point = 4p), and the mini-strip discs i
by micro-strips (opoint = 71).
® The redesign, with the 12 discs replaced
by discs with 7uresolution. 10"

0 0.10203040506070809 1
tan(©)
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.A full tracking system

How does it look at lower momenta ?

.- p.o/!



.A full tracking system

How does it look at lower momenta ?

® 25 GeV: The redesign is still much more
performant at low angles

1
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o

A(1lp) [GeVic]
z
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0 010203040506070809 1

The TDR

-2 —— TDR with enhanced FTD

—— New enhanced FTD + VD disk

tan(©)
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.A full tracking system

How does it look at lower momenta ?

® 25 GeV: The redesign is still much more
performant at low angles

® 25 GeV: Dominated by multiple-
scattering. The bump is the VD
electronics and support

A(Lp) [GeV/c]™?
Lol

=
o

10
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0 010203040506070809 1

The TDR

-2 —— TDR with enhanced FTD

—— New enhanced FTD + VD disk

tan(©)
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.Studies of the silicon envelope: ECT

Move ECT by 30 cm: as close as possible, as far
as possible, or evenly spaced. Study the effect of
TPC end-plate
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Studies of the silicon envelope: ECT

Move ECT by 30 cm: as close as possible, as far
as possible, or evenly spaced. Study the effect of

- le—| -3
TPC end-plate §1O ! o
Q
® 250 GeV: 30 cm change corresponds to O, — EcTazsoon
a change of L? by 25 %, which is = _ ccrazmpasmoon
i =
observed. Some effect of the scattering 3 e 5 et
in the end-plate is visible even at this
momentum.
-4
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.Studies of the silicon envelope: ECT

Move ECT by 30 cm: as close as possible, as far
as possible, or evenly spaced. Study the effect of
TPC end-plate

9

250 GeV: 30 cm change corresponds to
a change of L? by 25 %, which is
observed. Some effect of the scattering
in the end-plate is visible even at this
momentum.

25 GeV: Dominated by scattering. If the
end-plate remains as thick as in the TDR,
it is best to place the ECT as close as pos-
sible

=
o

A(Up) [GeV/c] ™

10

250 GeV

—— ECT a250cm

—— ECTa280cm

—— ECT at 250-265-280 cm

ECT at 280 cm, no TPC endplate
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.Studies of the silicon envelope: ECT

Move ECT by 30 cm: as close as possible, as far
as possible, or evenly spaced. Study the effect of
TPC end-plate

® 250 GeV: 30 cm change corresponds to
a change of L? by 25 %, which is
observed. Some effect of the scattering
in the end-plate is visible even at this
momentum.

® 25 GeV: Dominated by scattering. If the
end-plate remains as thick as in the TDR,
it is best to place the ECT as close as pos-
sible

It is best to have a very precise point close a scat-
tering surface

v/ic] ™t
H
o

A(1lp) [Ge

10

250 GeV

—— ECT a250cm

—— ECTa280cm

—— ECT at 250-265-280 cm

ECT at 280 cm, no TPC endplate
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.Studies of the silicon envelope: SI'T

Does it help to have more layers in the SIT. Or
more precise ones?



.Studies of the silicon envelope: SI'T

x
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o
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©

Does it help to have more layers in the SIT. Or
more precise ones?
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Studies of the silicon envelope: SI'T

x 10
Does it help to have more layers in the SIT. Or %0-8
more precise ones? 207 heToR
>0.
(D E— T layers
$ TDR 20.6 )
=]
® 3 layers, 05

o O
w b

o O ¢
o N
-—
N

10 18 [GeV/c]
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.Studies of the silicon envelope: SI'T

x 10
Does it help to have more layers in the SIT. Or %0-8 :
more precise ones? So07 | TheTOR
Q- r
(D - —— 39T layers
® TDR 506 |
; i —— 39T layers, first VD-type
® 3layers, 305 |
® 3 layers with the inner-most of VD-type 04 |
(4 ) §
03
02
0.1 |
0 bn —

10
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.Studies of the silicon envelope: SI'T

x 10
Does it help to have more layers in the SIT. Or %0.8 ;
more precise ones? =07 3 e ToR
(D L —— 39T layers
® TDR §0-6 - |
® 3 layers, 305 | oo
® 3 layers with the inner-most of VD-type 04 g
(4 1) E
® 3 layers with the outer-most of VD-type 03 ¢
01 |
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.Studies of the silicon envelope: SI'T

x 10
Does it help to have more layers in the SIT. Or 7 08 |
more precise ones? So07 | The TOR
L i
(D L —— 39T layers
® TDR =06 |
; i —— 39T layers, first VD-type
® 3layers, 305 |  ssriesmvor
® 3 layers with the inner-most of VD-type 04 g
(4 ) §
® 3 layers with the outer-most of VD-type 03 ¢
It is best to have a very precise point close a scat- 0.1 *
tering surface F e
) ° 10 107
p [GeV/c]|
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.Studies of the silicon envelope: SET

How to distribute the SET layers?



Studies of the silicon envelope: SET

How to distribute the SET layers?

® TDR+SET: SET takes 10 cm of the
TPC, and has three layers with 25
presolution

10 18 [GeV/c]
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Studies of the silicon envelope: SET

How to distribute the SET layers?

9

9

TDR+SET: SET takes 10 cm of the

TPC, and has three layers with 25 < 01 ¢
presolution g)_og

TDR+thinSET: SET “nothing” of the @08 |
TPC, and has one, 25 presolution layer .07 |

306 §
0.05 |
0.04 |
0.03 |
0.02 |
0.01 |
O S

—— Baseline

——  Onethin layer

10
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Studies of the silicon envelope: SET

How to distribute the SET layers?

10
® TDR+SET: SET takes 10 cm of the §
TPC, and has three layers with 25 <+ 01 ¢
presolution §3_09 a — Baeline
(D] i
TDR+thinSET: SET “nothing” of the Q.08 | —— onettintaye

TPC, and has one, 25 presolution layer $o7 |

TDR+hInSET, with 14.4 u(= 25/4/3)  0.06
resolution 0.05

One thin layer,enhanced

10
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Studies of the silicon envelope: SET

How to distribute the SET layers?

10
® TDR+SET: SET takes 10 cm of the §
TPC, and has three layers with 25 - 04 ¢
presolution § [ — bmeie
: : 35 |
TDR+thinSET: SET “nothing” of the Q ; —— Onethinlayer
TPC, and has one, 25 presolution layer %O 2 i S SR I—
TDR+thinSET, with 14.4 pu(= 25//3) T A —
resolution 0.25 |-
» Same thing, in the low end of the spec-
trum 0.2
0.15 |
O N
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.Studies of the silicon envelope: SET

How to distribute the SET layers?

® TDR+SET: SET takes 10 cm of the
TPC, and has three layers with 25
presolution

TDR+thinSET: SET “nothing” of the
TPC, and has one, 25 presolution layer

TDR-+thinSET, with 14.4 (= 25//3)
resolution

» Same thing, in the low end of the spec-
trum

Scattering makes little difference, since the SET
is quite short. At high momentum, the 1/L2-
factor favours pushing the SET as far out as pos-
sible, and at lower momenta, it IS more worth-
while to retain as much as possible of the TPC
lever-arm.

1 X

(@) =

~ <
w

AUP)[GsV/c]
. w
w o1

o
N
a1

o
N

0.15

Baseline

Onethin layer

One thin layer,enhanced

Base line, no TPC outer wall
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.A smaller detector ?

Can a shrunk detector be designed to retain the
same tracking performance?
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.A smaller detector ?

Can a shrunk detector be designed to retain the
same tracking performance? This has been stud-
ied comparing the TDR with Henri’s proposal, ie

® TPC|Zmaz| = 270 cm — 220cm.

® TPC Rypge =170 cm —160 cm. As-
sume same pad-size in the TPC.

All other properties identical.
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.A smaller detector ?

Can a shrunk detector be designed to retain the

same tracking performance? This has been stud-

ied comparing the TDR with Henri’s proposal, ie
® TPC|Zmaz| = 270 cm — 220cm.

® TPC Rypge =170 cm —160 cm. As-
sume same pad-size in the TPC.

All other properties identical. Then:

Add thinSET, with o =14.4 p.

Replace FCH by ECT (3 layers, o =25
1)
Redistribute the 7 FTD layers

Add a VD disk.
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.A smaller detector ?

Can a shrunk detector be designed to retain the
same tracking performance? This has been stud-
ied comparing the TDR with Henri’s proposal, ie

® TPC|Zmaz| = 270 cm — 220cm. S S
® -3
® TPC Rpmar =170 cm —160 cm. As- 210
sume same pad-size in the TPC. ;d
g
All other properties identical. Then: 7
®  Add thinSET, with o =14.4 4. 10
® Replace FCH by ECT (3 layers, o =25
1)
® Redistribute the 7 FTD layers o
® AddaVD disk. S S
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.A smaller detector ?

Can a shrunk detector be designed to retain the

same tracking performance? This has been stud-

ied comparing the TDR with Henri’s proposal, ie
® TPC|Zmaz| = 270 cm — 220cm.

® TPC Rypge =170 cm —160 cm. As-
sume same pad-size in the TPC.

All other properties identical. Then:

® Add thinSET, with o =14.4 4.

® Replace FCH by ECT (3 layers, o =25
1)
® Redistribute the 7 FTD layers

®» Adda VD disk.

Almost identical performance wrt angle at high
momentum !
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.A smaller detector ?

Can a shrunk detector be designed to retain the
same tracking performance? This has been stud-
ied comparing the TDR with Henri’s proposal, ie

® TPC|Zmaz| = 270 cm — 220cm. S —
v .3
® TPC Rpar =170 cm —160 cm. As- 210 | — sl TOR
sume same pad-size in the TPC. ;d —— Modified Smaller TOR
Z —— Modified TDR
All other properties identical. Then: 7
®  Add thinSET, with o =14.4 1. 107
® Replace FCH by ECT (3 layers, o =25
1)
® Redistribute the 7 FTD layers o
® AddaVD disk. i A .
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.A smaller detector ?

. and the momentum resolution in the barell is
even better!
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.Summary

® Many (105, actually) different detector designs have been studied since November.
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® Many (105, actually) different detector designs have been studied since November.
® Thumb-rules to estimate the performance of the tracking wrt. p measurement:

® It’s the lever-arm...
® For p, the position of scattering surfaces is most important. MS close to the edges
of the measuring range does not hurt.

® Extremely high precisions at either edge doesn’t pay
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Summary

® Many (105, actually) different detector designs have been studied since November.
® Thumb-rules to estimate the performance of the tracking wrt. p measurement:

K
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>

It’s the lever-arm...

For p, the position of scattering surfaces is most important. MS close to the edges
of the measuring range does not hurt.

Extremely high precisions at either edge doesn’t pay

® These principles lead to a modest proposal how to ameliorate the TDR design

»
»
»

Extend the FTD all the way to the end of the TPC, and distribute them evenly..
Add a micro-pixel disk to the end-plate of the VD..

Distributie the ECT evenly between the TPC and the ECALFit the SIT with an
outer layer with highest possible R¢-precision.

Attempt to make the SET thin, and as close to the ECAL as possible.
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Distributie the ECT evenly between the TPC and the ECALFit the SIT with an
outer layer with highest possible R¢-precision.

Attempt to make the SET thin, and as close to the ECAL as possible.

The first two points will geatly ameliorate the resolution at the lowest angles. If the disks
are made more precise (7.) the design goal of o(1/p) < 51072 can be met at all angles.
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The first two points will geatly ameliorate the resolution at the lowest angles. If the disks
are made more precise (7.) the design goal of o(1/p) < 51072 can be met at all angles.

Or, the amelioration can be used to retain the TDR performance with a smaller, cheaper
detector.
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.Summary

Many (105, actually) different detector designs have been studied since November.
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Thumb-rules to estimate the performance of the tracking wrt. p measurement:

K
L

>

It’s the lever-arm...

For p, the position of scattering surfaces is most important. MS close to the edges
of the measuring range does not hurt.

Extremely high precisions at either edge doesn’t pay

These principles lead to a modest proposal how to ameliorate the TDR design

»
»
»

K

Extend the FTD all the way to the end of the TPC, and distribute them evenly..
Add a micro-pixel disk to the end-plate of the VD..

Distributie the ECT evenly between the TPC and the ECALFit the SIT with an
outer layer with highest possible R¢-precision.

Attempt to make the SET thin, and as close to the ECAL as possible.

The first two points will geatly ameliorate the resolution at the lowest angles. If the disks
are made more precise (7.) the design goal of o(1/p) < 51072 can be met at all angles.

Or, the amelioration can be used to retain the TDR performance with a smaller, cheaper
detector.

These results are based on fast simulation (SGV). Hence important issues related to
reconstruction are NOT addressed .~ p.15/1!
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