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Coordinated 1L.C detector- etfort in Spain

Silicon for Large Colliders

IFIC, IFCA (since 2005), UB, CNM, USC
IFCA->EUDET member, several associates

UsSG -~ -LECA

“{;»3s Barcelona
F et U RoL.

ClEl\/lAfl' ;" U B.

CNM-1MB

o¢PFE,  Strong Spanish participation in DEPFET

IFIC (since 2005)
5 USC, UB, URL, CNM (since 2008)
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CALICE
CIEMAT Madrid

and activities in

accelerators R&D Coordinated effort :

- regular meetings
‘Y - funding/projects
J - R&D interests

F LA - the forward tracker... =—
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Forward tracking, physics case

In this talk:

forward region = 5° < §< 30° ( multiple disks layout)
Range : 0.5-3 TeV

Forward tracking at the next eTe™ collider
part I: the physics case

J. Fuster" S. Heinemeyer® C. Lacasta® C. Marinas
A. Ruiz-Jimeno® M. Vos*"

A[FCA Santander, Avenida de los Castros s/n, E-39005 Santander, Spain
PIFIC (centre mizte U. Valencia/CSIC), Apd. Correos 22085, Valencia, Spain

) )
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‘Forward tracking, physics case

e*e” > Zly*>f anti-f, from LEP to ILC to CLIC
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Forward tracking, physics case
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Multi-fermion final states

With increasing center of mass energy, higher multiplicity processes
Increase, so the number of jets

Final states with many fermions
(like ordinary tt-events) are hardly ever contained in the central detector
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‘Y” center-of-mass energy (GeV) center-of-mass energy (GeV)

Left: Fraction of events with at least one of the 6 fermions with 6>30° or >150°

| FCA Right: only b or anti-b considered
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Multi-fermion final states

P, Vs =500 GeV |Vs =1 TeV Vs =3 TeV
One top at least | 0.15 0.17 0.23

One b atleast |0.22 0.25 0.25

Any fermion 0.51 0.51 0.4

*Thus, precise reconstruction of tt-bar events requires
uniform jet energy resolution and lepton reconstruction
performance over the full polar angle range

O

F

Identification of very forward b-jet requires the vertex
detector coverage to extend to very small angle

19/04/2009

Alberto Ruiz-Jimeno (IFCA) TILC09-Tsukuba,April-2009




‘Supersymmetry

If LHC reveals the existence of Supersymmetry, an important role of LC is to
precisely determine the SUSY parameters

Scalar lepton production can be of special relevance for the determination of

the couplings e—¢—x",et—e~—+ , Z (predicted to be equal at tree level)

MSSM has more than 100 free parameters. Simplifying assumptions are
needed, as the CMSSM ( soft supersymmetry-breaking scalar and gaugino
masses equal at some GUT input scale).

In that case, only 4 free parameters (A,, tanp, m,,,, my). Benchmark scenarios,
as the Snowmass Points and Slopes ( hep-ph/0202233) are used here

9
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The t-channel

With increasing center-of-mass energy (from

LEP-I to to LEP-II to ILC to CLIC)

the importance of the t-channel increases

Example: scalar lepton production in
SUSY (SPS benchmark point 1a)
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The t-channel
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‘The t_Channel Benchmark point j:’g-éc':2 ( % ) at LC with /s =
name m(ér) m(x]) 500 GeV 800 GeV 1TeV 2TeV 3 TeV
SPS1a 135 99 30 46 54 70 73
SPS2 1451 79 - - - - 10
SPS3 178 160 20 38 48 63 70
SPS4 416 118 - - 21 65 72
SPSH 192 119 21 47 57 70 71
SPS6 236 189 8 27 38 64 73
SPST 127 161 25 35 43 6h 73
SPS8 176 137 24 Al 47 606 T2
SPS9 303 175 - 26 42 61 67
B‘Ej{]g......l == ;,'-ewo .
< 380f ] =iseof 1. Two panel:
sof 1 &f ¢ SPS1la, SPS9
4of aof .
ol - .5
° 107 ’ 10
center-of-mass energy (GeV) center-of-mass energy (GeV)
(a) SPSla (b) SPS9
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Gauge boson pair production

W w7 } W Nr
Z v, - ZW v,
"
(a) (b) (c) (d)

Fig. 9. Some of the Feynman diagrams for the ete™ — ffff process (a) and (b)
and for the ete™ — 1171 process (c) and (d).

Important both:
. as source background for LC

%
‘J . triple gauge boson vertex sensitive to new physics
=
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Gauge boson pair production
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(The forward/backward fraction is more important for electrons/positrons.

‘Y’ Also the fraction of events with electrons and positrons increases from 0.5,
at 500 GeV, to 2/3 at 1 TeV)

o
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‘Gauge boson pzur productlon
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Squares: fraction of charged leptons with 6 < 30° or > 150°
Circles: excluding 6 <5° or >175°

Y’ - The fraction of WW and ZZ fully contained in the central detector is
negligible, needed precise lepton reconstruction at low polar angle,

ik mainly for electrons
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h{iggs boson production

z
Z = p+u-, in the recoil analysis, P;* =14% at E_,,=250 GeV

’

(a) Higgs-strahlung

(b) Z-boson fusion (c) W-boson fusion

1 M,=120 GeV (upper)
200 GeV (lower)

‘Yf p—
10°
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h{iggs boson production

Vector boson fusion dominant beyond 500 GeV

Z-boson fusion allows use of recoil method

3 3
J 10 10
_ center-of-mass energy (GeV) center-of-mass energy (GeV)
IE(A (a) electrons (b) Higgs boson
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‘ Physics case: Conclusions

e*e>Z/y*>1*" at the Z-pole has predominantly central final
products. But ISR causes increasing fraction of forward-backward at
larger center-of-mass energies

4, 6,and even 8-fermion abundantly produced with increasing
center-of-mass energies. As e.g. t anti-t =2 W*bW-anti-b, rarely fully
contained in the central detector

Scalar electron production has a strong t-channel contribution, with
final state electrons peaking in the forward-backward direction

Final state fermions in di-boson production peaking in the forward-
backward direction

The same for Higgs boson production through vector-boson fusion

Forward-backward region specially important for final states with
electrons, but not only then

Other channels not discussed here make a good case for forward
tracking
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‘ Forward tracking: Challenges

Why Is forward tracking challenging?

The material!

Hermetic coverage

Significant background at smallest radii

The unfavorable orientation of the magnetic field
Abundant low momentum tracks — pattern recognition

@
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Environment:

GuineaPig
LowP focus
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Pair background
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GEANT4 simulation of GUINEA-PIG events by Toni Harlin
(thanks also to A. Vogel and Katarzyna Wichman)

Hit density
(#/mm?/BX)
detector min typical max
VXD 1 4x107°
VXD 6 3x10™*
FTD1 <10° 1x10™* 2x10°3
FTD7 5x10° 7x10° 9x10°®
SIT1 3x10°
SIT?2 3x10°®

Hit density = number of GEANT4 energy deposits per unit area per ILC bunch crossing
Does not take into account the number of channels fired by a single hit

{7

Typical area sensitive elements

time resolution:

pixel: 25 X 25 um?2 = 6.25 x 104 mm? 100 BX
F(a strips: 50 um x 10 cm = 5 mm? 1 BX
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# TPC hits

Pattern recognition

300 T I I T ] g
250 E 1 zClearly, 6-15 degrees is weakest region in ILD
200 £ e Projecton 3, Interms of number of measurements. And
o b Al = remember:
oo b e sleen To « non-negligible pair background
g e 4 « First disks close to interaction point (jets!)
5 F YeEREEEEt =+ « Abundant low-momentum tracks (loopers)
0 90 80 70 60 50 40 30 20 10 l; ’
polar angle 8 (degrees)
Ongoing study (Carmen Iglesias): evaluate hit #hits/disk #hits/petal
densities in tt events per disk and per petal disk avg. peak | avg.  peak
(subdividing disks in 8,20 or 16 single-wafer FTD1 ° 37 11 12
Segmentg) FTD2 5 27 0.6 10
« Average #hits/disk falls by a factor 3 due to reduced FTD3 8 36 0.4 10
angular coverage of outermost disks FTD4 6 29 0.3 9
. Average #hits/petal falls even faster (outermost disks
divided in 16 segments) FTD5 5 25 0.3 10
It is important to evaluate the hit density locally FTD® 4 23 | 0.2 5
(jets) FTD7 3 28 0.2 4

« A significant probability to receive several hits/petal
remains even in the outermost disk

19/04/2009
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Pattern recognition

Carmen lIglesias (Santiago de Compostela): #hits/petal versus event
number (2000 tt events) - stereo meas. clearly needed

FTD1: 8 pet

19/04/2009 Alberto Ruiz-Jimeno (IFCA) TILC09-Tsukuba,April-2009
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‘ Tracking performance

TESLA ref for low polar angle:
o(1/py)= 1.8x103@1.3x10?/ p; (GeV?)

ILD: We are nowhere near the goal, and far from the performance of the central
tracker (figure lines: o(1/p1)=2.0x10°®1.0x103/ (p; sin 0)(GeV?),

Oy = 5 um @& 10 um/ (py sin 0))!!

Most of this is plain geometry: unfavorable orientation of the magnetic field
(c(1/py)), and large distance of the FTD1 to the interaction point (c,,)

- T T T = 1D="| T T T T T T
2 : "B=7 g - ‘8=7,
':51D-1.- -E':-E‘:'_:_ T® B 'E':.E‘:l_:_
"R " 6=30 2AE "8 =30
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o 1[]-2 E- L '
| 07
wipe T F
[ - ¥ _-._ -
1[]_4 . e _ 10°% E_ e . '
1[]-5-|||| L3 1 nl L |;.||.l|l 1D.]:||| 1 L1 a1l "
1 10 102 1 0
PMomentum/GeV Momenium/'GeV
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Momentum resolution

ILD momentum resolution
Single muons in ILDOO

Performance ~ stable down to 36°
Steep loss between 6-36°

worse forward performance is the
result of a combination of

(a) magnetic field orientation (inevitable
within 4n detector geometry)

(b) loss of # of measurements in TPC

V sli 1 1 T
‘J’ 19" 90 80 70 60 50 40 30 20 10
F polar angle 6 (degrees)
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Momentum resolution

Momentum resolution for electrons (remember t-channel!!)

Ongoing study (Jordi Duarte, IFCA): generate single-electron samples
(private, but available for those interested)

compare tracker-only momentum resolution of single electrons with the LOI
results for muons

Understand tracker-parameter dependence

-> material!
107 F S 3
ILDOO full simulation :
—— 10 GeV 102 E
—— 10 GeV e :

O

-4
- 10

PR R R T
9.6 9.8 10 10.2

| momentum (GeV)
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‘ Impact parameter resolution

b LEP

O =13P SLD
P .. 3/2

psin” @ LHC

LC

d, resolution (4 m)
2

T

1 10 article momantum (GeV)

ILD vertexing performance

central: a~1.7 mm
forward:

a(um) b (um.GeV)
25 70

8 33
©

Unprecedented precision
(small pixels, 20x20 pm?)

performance significantly worse === 100 GeV

than extrapolation of barrel
formula with a=5,b=10

19/04/2009

Strongly reduce the multiple

Coulomb scattering term
(material: 0.1 % X, / layer ~ 100 mm Si)

E LA
£
<
e =713 10 um
EEEl a:5’b:10 — o o
10°
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R&D on Detectors

The bulk of R&D detector activity focused on
silicon Traking and vertexing.

Covering:

o R&D on sensors: DEPFET pixels, 3D sensors,
thinned microstrips, semitransparent microstrips.

o R&D on FE electronics, development of DSM r/o
chip.

o R&D on mechanics: deformation and thermal
analysis.

e'!"?o far, “forward physics” oriented.
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|_Towards an engineering design

Calibration/alignment
Mechanical support
Services

(Plots:David Moya
(IFCA))
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‘ Backup

)

| F(A

19/04/2009
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i i
T g MO Oz un = .,‘.l.l'an oz .I'IFm
YT a.a a.a PTh E.E B.E
EIT/SET 7.0 50.0 ETD 7.0 7.0
- -  =md T T ] i 2 . . H
TPC £¢_m +a00? sin® d+ ((25° /22) = (45 6n ) 2 pm
L.
g = 40% + 8 2z pm?
Effective poin: resolutions used in the digitization of the MC samples.
EIT characteristios [current baseline = false double-sided 5i microstrps)
Geometry Characteristics Material
R[mm] Zmm) coat! Resclution B-¢{um| Tirme [ns] RL[%]
165 37l 0.910 R:e=T7.0, 3077 (1538 0.85
a0 04D 0,902 o w—000 o —80.0 0,03
SET characteristics (current bassline = false double-sided 8i microstrips)
Geometry Characteristics Material
R[mm) Zlmm) coat! Resclution B-¢{um| Time [ns] RL[®]
1833 2350 0.759 R:e=T7.0, 3077 (1538 0.685
1832 2350 0.759 = =300 a=80.0 0.85
FID characteris:ics (current bassline = pixels kor first 3 disks, microstrips for the other 4))
Geometry Characteristics Material
R[mm) Zlmm) coat! Resolution R-gjum)] RL[®]
D5-104 2I0 0.5355.0.802 .23
49.6.164 3713 0.99].0.914 0.25
T0.1-308 644.9 0.954.0.902 0.25
1002509 1046.1 0.954.0,959 a=T.0 0.685
130 .1-309 14473 0.995.0,995 0.685
160 5309 1E48.5 0.9595.0,986 0.685
150 5509 2350 0.953.0,990 0.685
ETD charactesistics (current bassline = single-sided 5i microostrips, same as SET ones)
Geometry Characteristics Material
y Rlmm] Zlmm] cost! Resolution R-glum] RL[%]
419218227 2426 0.955.0,799 xr={.0 0.685
419218227 2428 0.955.0,799 yur={.0 0.685
419218227 2430 0.955.0,799 zr=i.0 0.685
TAELE 4.2-3
F The projected values of basic SIT, SET, FTD, and ETD characteristics.
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parameter

unit
nominal
high-lumi
low-power
low-Q
large-Y

Table: final focus parameters in different scenarios for a center-of-mass energy of 500

N

(1019
2.05
2.05
2.0
1.0
2.0

bunch spacing

(ns)

369.2
369.2
480.0
189.2
369.2

GeV. For details, see RDR.

parameter

unit
nominal
high-lumi
low-power
low-Q
large-Y

N
(1019
2.0
2.0
2.0
1.0
2.0

bunch spacing

(ns)

369.2
369.2
480.0
189.2
369.2

&beta

(mm)
20.0
11.0
11.0
11.0
11.0

&beta

(mm)
30.0
10.0
12.0
15.0
12.0

&beta

(mm)
0.4

0.
0.2
0.2
0.6

| o]

&beta

(mm)
0.3
0.2
0.2
0.2
0.6

&gamma

(mm % rad)
10.0
10.0
10.0
10.0
10.0

&gamma

(mm % rad)
10.0
10.0
10.0
10.0
12.0

&gamma .,

(mm = rad)

0.04
0.03
0.036
0.03
0.08

&gamma .,

(mm * rad)

0.04
0.03
0.035
0.03
0.08

&sigma ,

( &mu m)

300
150
200
200
500

&sigma ,

( &mu m)

300
150
200
150
600

Table: final focus parameters in different scenarios for a center-of-mass energy of 1 TeV.
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‘ Challenges : Coverage and material budget

wn 300 115 D511
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Seampips m—

Plxel Suppants and Aeadcul ==
Pixgl S2nsors mm—

pas b TraEICErSLEIp!:I‘ISaI"d Readoul E==
b Tracker Sensor Moduks /3

Number of Hits

ILD: FTD provides up to a
maximum of 5 measurements at
small polar angle

SiD: overall more than 5 hits at
small polar angle

Total Tracksr Hitp ——
. Total Fixel Hitg «-----

Forward Fixs! Hits -
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Tracking performance

Compare the reference set-up to a more challenging detector:
reduce space point resolution (R¢) from 10 to 5 um
reduce the material from 1.2 % X, to 0.12 % X, (innermost disks)
reduce the material from 0.8 % X, to 0.4 % X, (outermost disks)

Reference (TESLA) set-up o(1/p7)= 1.8x103¢1.3%x102%/ p;

Challenging o(1/p1)=0.9x10340.8x10?/ p;

107

1 10
1 10 particle [ (Eﬁ\f}

particle P, (E);V}
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Pixels - DEPFET IFIC, UB, URL, USC

o

| F(A
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‘ Microstrips - IR Transparent CNM, IFCA

profile measurements
with deuble sided §i detectors
{x=pitch 208 pm, y=pitch 110 jam]
STSH1 data

Ph ~~)&&*l
~— IRLaser
— delivery system

AMS-01 innovation (W. Wallraff)
A =1082 nm

IR “pseudotracks”

1-2 um accuracy obtained
Transmittance~ 50%

i i T
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FNITIFSIN SR TP AP PPN I e
— w00 WE O e WRF W MR or naE s

EXLE ]

19/04/2009

08

— Measured TR
0.7 —— Cakwlated (NG FIT) T.R
0.6

Blpm Shpam
NE]
Tum |
Siﬂ.__)i.:_\ mm
i waler
TS

Reflectance and transmittance of
wafer 5 matched. No fits involved!!

Compatible with 45 nm roughness
of Al surface

0.5 Is this real? We need to measure
the wafer roughness, | think it is
L = possible to be done at CERM.
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3D sensors — CNM, UB

Double—sided 3D Passivation Bump bond
Oxide

Full 3D
P+

N+
<—p+ doped
Polysilicon (3um)
TEOS (1um)

wnose

250um 300um

n-type substrate

<«— n+ doped

Metal Polysilicon

18um
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Digital GAPD— CNM, UB, URL

...on design of sensors for future trackers

Integrate electronics and sensors using industrial CMOS processes
Reduce analog readout electronics by using high sensitivity devices

STMicroelectronics CMOS 130nm

APD array
40x200um

APD array | | —, L

9
Analog APD || Digital APD

F
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‘ R/O Electronics — CNM, UB, URL

UMC CMOS 130nm
ASIC received first week of October’08

Mixed signal ASIC for readout of
Si strip sensors in ILC

Analog part designed by IN2P3
Digital part designed by UB

o Sl_Str_130-88 S-t.ri.p"dete}:t.br readout chip o

' ' ANALOG CHANNELS
‘ i 88

Silicon
strips
detector

DIGITAL

I POWER CONTROL
| mi—  covtroL 800

ADC :
| BLOCS |

88 channels
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Electronics (2) - CNM, UB, URL
ALIBAVA: A readout system for microstrip

silicon sensors | | |
Joint development of Liverpool Univ., IFIC-Valencia

and CNM-Barcelona

Simple and cheap system for detector charge
collection performance characterization

ACPLUG -
o DESKTOP ACDC VOLTAGE .
| Buff Analogue Signal source -
A s i Il g>(mid november);
, 4 | cercrormpomsmemsa ) oRLraeR.
i T * § FLAT GABLE ¥ SETY
Microstrip , 3 i
. Fan-ins a .; 1
Silicon . g ot
Sensor(s) \ <:> BEETLE2 —
L CONNECTORS
Supply | " v Y70 -7 X  reonm
{ LY DC | system S
DETECTOR BIAS
HvV DC RC LOW PASS
‘|—| HvV DC FILTER
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ILLD Forward Tracking Disks IFCA, IFIC

Three inermost disks pixels

Four outermost disks microstrips
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‘ Mechanics — IFIC, IFCA
-

Tagt Sacmaon

= For the Track structure would be
interesting to use a embedded fiber

optic sensor.
o more precise and reliable data

y’- It could be use 2 side solution Honeycomb
‘ o Better understanding of the results Transducer
F (A o Useful to quantify the termical strain

Strain gavge #

Optical fiber

FORCE
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