Vertex Detector, Material Budget and the forward region

A.Besson, J. Baudot, M.Winter

« Where does the material budget come from ?
« Do we understand it ?

« (Can we reduce it ?
« Reducing Cables ?
« Changing cables route ?

« Can we improve tracking/I.P. resolution ?
« Can we move disk 1 closer ?
« Or can we add a disk close to the Faraday cage ?
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Reminder

Cryostat; 0.2mm CFRP+1cm styrofoam+0.2mm CFRP

Beryllium shell

Ti cooling tube: _
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Layer 3: 17 ladders
| | Layer 2: 11 ladders
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Geometry in the forward region
25 6°

FID-1

od: 2mm/1d,15mm
_16.9°
- ~10°
| Beam-pipe

e Different regions to consider SIT.
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FTD characteristics (design baseline: pixels for two inner disks, microstrips for the rest)) 5
Geometry Characteristics Material
R[mm]| Zlmm] | cosé Resolution R-¢[um]| | RL[%] 6
39-164 220 0.985-0.802 0.25-0.5
49.6-164 371.3 0.991-0.914 o=3-6 0.25-0.5 7
70.1-308 644.9 0.994-0.902 0.65
100.3-309 | 1046.1 | 0.994-0.959 0.65
130.4-309 | 1447.3 | 0.995-0.998 o=7.0 0.65
160.5-309 | 1848.5 | 0.996-0.986 0.65
190.5-309 | 2250 0.996-0.990 0.65
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ILD tracking: number of hits
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. Caveats
— Region to compute material budget (which is expected to be high) = 5°- 10° Range
> This 5°- 100 region covers 1 % of the total acceptance (in Steradians)

— Additionnal material @ 6 ~10°
» Connectors through Faraday cage l I ' .

> Beam pipe (1%t cone) R Route 1
> Flex print cables inside Faraday cage
— Disk 1 is not in the 5-10° acceptance ! 1st cone \ d ~
< p o cylindrical 2n¢ cone (~5°)
» moving it closer won't help (~10°)

— Putting disk 1 closer in |z| will actually remove 1 hit in the 10° to ~12° acceptance !
» Then reducing Rmin in the same time is mandatory but is it possible ?

— Route 1 is in the 5°- 10° region

— Changing cables route can only affect in a positive way the 5°- 10° region
» (and marginally in a negative way in the 10-17° region)
» Why do we see an effect in Mikael Bergren study in this region ?
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Mikael Berggren study: is it possible w.r.t. geometry ?

@ opg With cables along the
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@ ... and routed outside FTD-1 &
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In this region, tracks don't cross cables outside
the cryostat

= So changing cable routes should not have a
positive impact here
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= black and red curves should be ~ the same




Material budget estimates method

e Estimate
— Power cables
— Control cables
— Data cables
— Beam pipe
e Asumptions
— sp.res = 4um; time resolution = 4 us -> pitch = 23 x 23 pm?
— DBD numbers for background and geometry
e Sum all cable contributions and average it over the perimeter:

—)
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Data encoding & rates (assuming 4 us read-out time)

e Beam background hits (DBD @ s = 500 GeV); no safety factor.

— Layers 0/1: Radii (1.6/1.8cm); length: 12.5 cm; ladders: 10
> = 5 hits/BX/cm?

— Layers 2/3 : Radii (3.6/cm) ; length: 2x12.5 cm ; ladders: 11x2
> = 0.25 hits/BX/cm?

— Layers 4/5 : Radii (/cm) ; length: 2x12.5 cm ; ladders: 17x2 °
> = 0.04 hits/BX/cm?

e Total number of hits/read-out
— Layer 0+1: 5 hits x 8 BX x 140 cm?2 x 2 ~ 12 000 hits
— Layer 2+3: 0.25 hits x 8 BX x 600 cm? x 2 ~ 2400 hits
— Layer 4+5: 0.04hits x 8 BX x 1000 cm? x 2 ~ 650 hits
— Total hits (in 4 us) ~15 000 hits

Surfaces:
LO:
L1:
L2:
L3:
L4:
L5:

ladders
ladders
ladders
ladders
ladders
ladders

TOTAL :

:1.1x12.5x 10 = 137.5 cm?
:1.1x12.5x 10 = 137.5 cm?
:2.2x12.5x2x 11 = 605 cm?
:2.2x12.5x2x 11 = 605 cm?
:2.2x12.5x2x 17 =990 cm?
:2.2x12.5x2x 17 =990 cm?
ladder surfaces = 3461 cm?

e Data encoding:
— 16 bits/pixel x 5 pixels/cluster + trailers/headers ~ 100 bits/hit

e Instantaneous data flux:
—  Flux = 15 000 hits x 100 bits/hit / 4x10°6 s ~ 375 Gbits/s

e Optical fibers (assuming ~8 Gbits/s as a standard)
— Ladders 0/1 -> 40 fibers
— Ladders 2-3-4-5 (1 fiber/ladder) -> 28 fibers
— = ~35 fibers on each side
— Diameter: ~ 1 mm (X, = 33 cm)
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Cables (for the region of interest: 5°-10°)

e Power consumption VXD (CMQOS) —
Pt = 50 mW / cm?
— Number of chips: ~103 CPS of 4 cm?
Pot =200W; @ 1.8V = [, ~ 100 A = I, 4 = 50 A per end caps
e Beam pipe (500 microns thick)
— Xx/X, ~ 0.05/ 35.28 / sin(6) ~ 0.8 % X, (assuming 6 = 10°)
e Power cables

— Assuming copper (Aluminium doesn’t change the picture)
> Cable length L ~4 m

» Pg.(cables) ~ 10 W = AV = Py (cables) /1,44 = 0.2V

> R=pL/S=AV/I i 2 S=pLIe/AV~ 20 mm? -

> Going out @ Radius r = 30 mm ~ 6.0 % xO
>

Material budget : 20 mm2/ (2 = r) / sin(6) ~ 0.1 mm / sin(0)
» X/X0 ~ 0.01/1.436 / sin(B) ~ 4.0 % X, (assuming 6 = 10°)
e Control cables (copper)
— S~5mm? = ~ 1.0 % X, (assuming 0 = 10°)

e Data cables
— Assuming 35 Optical fibers (Diameter: D = 1mm)
» Going out @ R = 30 mm
> Average material budget ~ 35 x © (D/2)2 mm? /(2rR)/sin(0) ~ 0.15 mm / sin(0)
» x/X0 ~ 0.015/ 33/ sin(8) ~ 0.25 % X, (assuming 6 = 10°)

—
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Reducing |z| of FTD-1

e Minimal Radius of FTD 1 (while keeping the same acceptance) ?
— Assuming minimal space for cables ~ 11 mm ?
— Caveat: reducing R (30mm) will degrade the material budget in the 5-10° range

181 mm _:~ 39 mm

| FTD-1 = FTD 1 might be moved by ~ 39 mm
= | z]| =181 mm

L |

. |
zooling tube;
2mm. i1d:1.5mm

-

N v9mme | This space might be reduced
downto ~ 11 mm

R =30mm Beam pipe radius = 21 mm

¥

e
O
(=
=1
L

!
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Summary

« Where does the material budget come from ?
Mainly from power cables (~4% X;) but other components are non negligible (~2% X,)
Do we understand it ?
Power reduced by ~2 w.r.t. C.Clerc figures but still ~4% X, (mismatch not understood).
« Can we reduce it ?
« Reducing Cables ?
Probably never by a factor. May be by Several 10%
« Changing cables route ?
This route change will affect positively 1% of the total acceptance and concerns only the 5-10° range
It will increase the total material (longer path)
« Can we improve tracking/I.P. resolution ?
« Can we move FTD1 closer ?
Probably yes (keeping the same acceptance)
FTD1 may as well be extended to a lower Rmin while staying at the same position (39 =
« Or can we add a disk close to the Faraday cage ?
Probably yes but this disk won't cover the 5-10° range

ILD Techincal Meeting, June 2017 Auguste Besson



Material for discussions
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ILD dimensions

Barrel system
System | R(in) R(out)z comments
HCAL /mm
VTX 16 60 125 3 double layers  Silicon pixel sensors,
layer 1: layer 2: layer 3-6
2020 - o < 3um o < Gum o < 4dum
1808 — Silicon
- SIT 153 300 644 2 silicon strip o= Tum
layers
-SET | 1811 2300 | 2 silicon strip o= Tum
D layers
-TPC | 330 1808 2350 | MPGD readout 1 x 6mm? pads o = 60pm at zero
drift
ECAL | 1843 2028 2350 | W absorher SIECAL 30 Silicon sensor lay-
e ers, 5 x 5 mm? cells
329 lﬁ ] EcECAL 30 Seintillator layers,
0 __ fkg}—‘ [ 5 x 45 mm? strips
| | | HCAL | 2058 3410 2350 Fe absorber AHCAL 48 Scintillator layers,
0 2348 2622 3 x 3cm? cells
SDHCAL 48 Gas RPC layers,
1% 1 cm? cells
Coil 3440 4400 3950 | 3.5 T field 2)
Muon | 4450 7755 280 14 scintillator
layers

SIT characteristics (current baseline = false double-sided Si microstrips)
Geometry Characteristics Material FTD characteristics (design baseline: pixels for two inner disks, microst
R[mm] Z[mm] | cosf Resolution R-¢[pm] | Time [ns] RL[%] Geometry Characteristics Material
_153 3:68 0.910 R: 0=7.0, 307.'?' (153.8) 065 R[mm] Zlmm| | cos# Resolution R-¢[pm] | RL[%]
300 644 0.902 z: o=50.0 o=80.0 0.65 30161 390 0.085.0 802 09505
SET characteristics (current baseline = false double-sided Si microstrips) 19 6-164 371.3 0.991-0.914 T—3-6 02505
Geometry Characteristics Material 70.1-308 614.0 0.091-0.902 0.65
R[mm] Zlmm] | cosf Resolution R-¢[pum] | Time [ns] RL[%] 100.3-300 | 1046.1 | 0.004-0.950 065
1811 2350 0.789 R: o=7.0, 307.7 (153.8) | 0.65 1304300 | 14473 | 0.095-0.008 =70 0.65
ETD characteristics (current baseline = single-sided Si micro-strips, same as SET ones) 160.5-309 1848 .5 0.006-0.936 0.65
Geometry Characteristics Material 100.5-300 | 2250 0.006-0.990 0.65
R[mm] Z[mm] | cos# Resolution R-¢[pm] RL[%]
419.3-1822.7 | 2420 0.985-0.799 wo=T7.0 0.65 11




Geometry

FTD-1
Cryostat: 0.2mm CFRP+1cm styrofoam+0.2mm CFRP Beryllium shell_l Ti cooling tube:
_ | od:2mm. id:1.5mm
|II O:‘ t || ’/
‘ /
' ) / \' 145
| A
! Tayer 3: 17 ladders =
K=
J | Layer 2: 11 ladders Beam pipe
——" F T
| Layer 1: 10 ladders L —TET ‘\
| ) il 474 = \ . .
' < | = | FPC: 9mum width x 10/side +
0.5t 17mm width x 28/side
_ L =3 4 - 143 |15 - (50um Kapton + 9um Cu)
146 ,1164.6 |75

Figure 2.1.7: Mechanical support structure of ILD vertex detector
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Geometry

Fixation of ISS on TPC VTX fixed on beam BP hang by small cables.

endplates

/

tube Could be adjusted to beam axis.

N\

=
=23M DINE

1;
TPC
/ / / /
Inner Support Structure yTX SIT Cables/services
(ISS)
Bellows Tunable fixation
(both sides)
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Geometry

BPcirconf 119 ¢m 97 cm 75 cm 56 cm 38 cm 15 cm

\\ Route 1
2nd cone (~5°)
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1st cone

(~10°) cylindrical




Materials

e Materials

— Beryllium:
> Density = 1.85 g.cm?3

» Radiation length X, = 65.19 g.cm? = 35.28 cm

— Copper:
> resistivity p = 17 x 10° Q.m
> Density = 8.96 g.cm-3

» Radiation length X, = 12.86 g.cm? = 1.436 cm

— Aluminium:
> resistivity p = 28 x 10° Q.m
> Density = 2.7 g.cm?3

» Radiation length X, = 24.01 g.cm? = 8.897 cm

— Silicon:
> Density = 2.33 g.cm3

» Radiation length X, = 21.82 g.cm2 = 9.370 cm

— Optical fibers
» 1 mm diameter (25 Gbits/s)
> Density = 1.19 g.cm?3

» Radiation length (acrylic) X, = 33 cm
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Dimensions and VXD asumptions

e VXD asumptions: sp.res = 4um; time resolution = 4 us -> pitch = 23 x 23 pm?

e Chip sizes:
— LO/1: 11mm x 31. mm ?
— L2/3/4/5: 22 mm x 31. mm ?

e Ladders sizes:
— 4 chips x 31mm = 12.5 cm length
— Layers 0/1: Radii (1.6/1.8cm); length: 12.5 cm; ladders: 10
— Layers 2/3 : Radii (3.6/3.8cm) ; length: 2x12.5 cm ; ladders: 11x2
— Layers 4/5 : Radii (5.8/6.0cm) ; length: 2x12.5 cm ; ladders: 17x2

e Surfaces:

— LO: ladders: 1.1 x 12.5x 10 = 137.5cm? = cylinder surface: 2 n x 1.6 x 12.5 = 126 cm?
— L1:ladders: 1.1 x 12.5x 10 = 137.5cm? = cylinder surface: 2 n x 1.8 x 12.5 = 141 cm?
— L2:ladders: 2.2 x 12.5x2 x 11 = 605 cm? = cylinder surface: 2 n x 3.6 x 25 = 565 cm?
— L3:ladders: 2.2 x 12.5x2 x 11 = 605 cm? = cylinder surface: 2 n x 3.8 x 25 = 597 cm?
— L4: ladders: 2.2 x 12.5x2 x 17 =990 cm? = cylinder surface: 2 1 x 5.8 x 25 =911 cm?
— L5: ladders: 2.2 x 12.5x2 x 17 =990 cm?2 =  cylinder surface: 2 t x 6.0 x 25 = 942 cm?
— TOTAL: ladder surfaces = 3461 cm? = cylinder surface = 3282 cm?
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