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This talk takes the ATLAS Tracker upgrade as an example of
application of p-type detectors. The results about detector technology
are though transferable to every other high radiation environment.
Concerning the details of ATLAS or other upgrades at sLHC, they are
obviously very preliminar!

Current ATLAS tracke(just to fix the ideas about the challenge
waiting for us) .
SLHC proposal
ATLAS tracker upgrade
— Layout, occupancy and dose rate
— Sensor technologies: already a viable solution?
— Thermal issues
— Other issues (cooling, electronics, ..)
e Summary
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ATLAS Status

Hadronic Calorimeters

P

22/118% “Zis g
* most sub-detector assembly work coming to an end
* Integration and installation in the pit: now + ngrar
« Commissioning, cosmic tests: now until 2007
o summer 2007: single beams and .. Collisions!
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ATLAS Inner Tracke

Last week

diameter: 2.3n
length: 7 m
B-field: 2T
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Constraints on current inner tracke

Tracking requirements: ~23 collisions and ~2000 tracks
- Efficient tracking/pattern recognitiom(|< 2.5) per bunch crossing

e High momentum resolutiod\p/p < 30% for p = 500 GeV/c)
« Efficient b-tagging
e Fast trigger (level 2)

Environment:
e High multiplicity environment.

LHC: 3 years L=18fcm?si, then L= 18%cm?s1 /
« High radiation levels.

e 25 ns bunch-crossing
10 years operation

Detector requirements

« Several space points with adequate precisioth end z to
limit ambiguities.

* Very precise ¢ space points over significant range of radii

* Limited material

* Precise space point near IP
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Current Atlas inner tracker

L CRYOSTAT” w e mﬁiu'z': 21” £ uj iﬂ.zjﬂi - ; . Em/ //
[ ———T] = fe
: N
/TRT Lg ﬁl TRT2 |NTRT3 TRT4 }T\S TRTE TRT7 TRTE ‘4RT9 TRTIO|FTRT11 TRT1‘2 TRT13 || TRT14 TRT16 TRTIG‘ TRT17 || TRT18 ‘
o TRT % g
L | \ B
I/‘ TILT/ ’£ I ] ! é/
M| 0 - FORUARD SSRvICeS = | s |2
E:jﬁﬁ, EEEEE I NSULATION /‘ ”‘ 1 | | . “ 1 4:"’ \/ \L rg\ < ) ‘j;i gﬁ
e b - ‘ i e=REEcei Sl g
S 5 SR /;/T %‘ >\'J/ - ’J N /\/\\M
[ 14 r | (L ey e i [ | N | |
SR B e W NI | I o -
. 4 sy Pixels: 2 n¥, ~80M channels i R e
[ 1 ;_ ; — | — _1_4; 0 % !
TTOT T 1 SCT: 60 n¥, ~6.3M channels | ~ 7| , s
PIXEL BARREL TRT straws: ~400k channels Iz " —
(2 Posthy SILICON BARREL PIXEL DISQ e
VERTEX BARREL (4 POS'N) (4 POS'N) (9 POS'N) .g 5
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« Pattern recognition in high occupancy region R PPN
 Impact parameter resolution (in 3d) T .
Radiation hard technology: nt-in-n Silicon technology, operated at -6°C 2 N———
. . g = =
Strips (80 um x 12 cm)(small stereo angle)4 barrels, 2x9 disksy=30cm .. 51cm
* pattern recognition
» contribution to momentum resolution ?
p-in-n Silicon, operated at -6°C g
TRT 4mm diameter straw drift tubes: barrel + wheels,r=55cm .. 105cm o
* Strong pattern recognition by having many hits (~3% 1y ST TRTDRI IO |
Standalone electron id. from transition radiation 0
G. Casse, University of Liverpool Seminar Bonn, 152005 6



LHC Machine Upgrade

LHC status around 2015:

e Takes many years to significantly improve statatprecision
* End of life expectancy IR quadrupoles

An energy upgrade would be favoured from a physast of
view, but would essentially mean building a new miae.

Most likely option is a luminosity upgrade to3t0nris?! (Super-
LHC) .
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SLHC Luminosity Upgrade

F. Rugqgiero, Genoa workshor

Expected factors for the LHC
luminosity upgrade

The peak LHC luminosity can be multiplied by:

factor 2.3 from nominal to ultimate beam intensity (0.58 = 0.86 A)
factor 2 from new low-beta insertions with 3*=0.25 m

Teumaround™~10 h (HERA experience) = [Ldt ~ 3 x nominal ~ 200/(fb*year)

Major hardware upgrades (LHC main ring and injectors) are needed to exceed _
ultimate beam intensity. The peak luminosity can be increased by: Most likely

factor 2 if we can double the number of bunches (maybe impossible due bunch-crossing
to electron cloud effects) or increase bunch intensity and bunch length time of 10 or

Tiurnaround™~ 10 h (HERA experience) = [Ldt ~ 6 x nominal ~ 400/(fb*year) 15 ns!

A new Super-SPS injecting into the LHC at 1 TeV would yield:
factor ~2 in peak luminosity (2 x bunch intensity and 2 x emittance)
factor 1.4 in integrated luminosity from shorter T, ..cu.q™~5 h

thus ensuring L~10%> cm2 s! and [Ldt ~ 9 x nominal ~ 600/(fb*year)

F. Ruggiero CERN LHC upgrade scenarios
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Physics Gain Luminosity Upgrade

(Real physics case can only be made after LHC gfajt-
See Eur. Phys. J. C39(2005)293

Precision physics in rare Electro weak processes (sftesitive to new physics)

Higgs couplings (@ ,, 4)*

Higgs self couplings

Triple (and quartic) gauge couplings
Vector-Boson-Scattering (if there is no Higgs)
Rare top decays through FCNC

Extended mass reach for new physics (by ~30%):

Heavy Higgs bosons
SuSy particles (if they exist and turn out to be h¢avy

If we find new physics:
Parameters of new physics

Because of high luminosity and high mass reach SLH@addrge degree
complementary with ILC in case of overlap.

G. Casse, University of Liverpool Seminar Bonn, 152005



ATLAS Tracker Replacement

To keep ATLAS running more than 10 years the inreaker will need to
be replaced. (Current tracker designed to survivie ui®0 fb')

In case of a luminosity (SLHC) upgrade the new tracdleeds to cope with:
* higher occupancy

* higher dose rates

while keeping a similar tracking performance.

Main impact on design of the tracker:
« Radiation hard technology

* Fine granularity
— pattern recognition
— Resolution

G. Casse, University of Liverpool Seminar Bonn, 152005
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Schedule

M. Tyndel, Genoa workshop

When can the Upgrade start? %

€ Finalise sLHC machine specification ~ 1/2 years 2008J07
€ Freeze the physics requirements

- ideally after the first year of operation end 2007
€ Complete ‘proof of principle’ RD ~ 2 year end 2007
€ Prepare TDR ~0.5 year

€ Obtain funding
< Start Upgrade construction mid 2008

2008 2009 2010 2011 2012 2013 2014 2015

TDR

Parts (sensors, ASICs, Opto...)

Modules

Sub-assemblies

Integration

Commissioning

Installation

< Will not meet target end-date without radical steps Working back from 2015 we
Restrict RD to a minimum — try and advance pre-seris need a TDR t_)y end 2008.
Create large assembly facilities with many sets oboling R&D and design work needs to
start now!

18-Jul-2005 ATLAS Tracker Upgrade Workshop - Genoa M. Tyndel 10
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Pile-up and Occupancy

P. Nevski, Genoa workshop
Expected Pile-up at Super LHC

=10 x|

N <0.5
= 230 min.bias collisions in bunch x(ly1<0.5)

= ~ 10000 particles in |n| < 3.2
= mostly low p tracks

Note: numbers based on factor 10 increase in lusitinbut still 25 ns bunch crossing. May need
to use similar numbers for 10-15 ns, as we coutdode-up from previous bunch crossing?
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Occupancy

P. Nevski (Genoa Meetino

SLHC predicted occupancy

SLHC trocker element o

Few comments: "} gingg;ﬁmm
« At4-6 cm pixel | *

layer should be [ %

300“ 0.8 — iﬁrfsfigfﬁm
o At 24 Ccm even | Pixels *

. 0.6 - 5=0.02

short strips are - sq.mm

too big 0t [She
e At 75 cm long

strips are too big
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Example Tracker Layout

Some layout proposals have been made.

All Silicon tracker

Pixels: r=6cm, 15cm, 24cm z=150cm
Short (3cm) pg-strips (single layer?):  r=35cm, 48cm, 62cm  z=+144cm
Long (12 cm)p-strips (stereo layers): r=84cm, 105cm z=+144cm
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| Including disks this leads to:
- \ ~| Pixels: 4.5 n&, ~300,000,000 channels
S

Short strips: 40 n?, ~27,000,000 channels

PIXEL BARREL
(2 POS™N) SILICON BARREL PIXEL DISCS

VERTEX BARREL (4 POS ) (4 POS ') | Long strips: 2 x 51 n¥, ~15,000,000 channels
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SLHC dose estimat&ia 1 MeV neutron equivalent fluence

Flux scales with luminosity.

(Thermal neutron flux depends on
added moderator material to
compensate for loss of neutron
moderating effects of TRT.)

Assume overall factor 10
increase.

Assuming 10 years of SLHC running (~6000fb

Pixels Max. annual dose | 10 years (~6000 fi3)
Disks, r=9-25 cm, z=50-85 cm| ~8x10'n, /cm? ~8x10'° n, /ey
barrel, r=6 cm ~2x10'° n, /en? ~2x10'° n, /em?
barrel, r= 15 cm ~4x10 n, /en? ~4x10'° n, /e

barrel, r= 24 cm

~2.5¢10% n_ /cm?

~2.5¢10'° n_/cm?

Q0 100
R(cm)

10 20 30 40 50 60 70 ac

ATLAS ID-TDR || Short strips Max. annual dose | 10 years (~6000 fi3)
: _ disks, r=35-80 cm, ~1.310"n,Jem? | ~1.3x10% n, Jem?
é‘ Annual TMeV neutron equivalent fluences
_é ?j::::éngel; ;e;rpj‘cm'zs" and 107 seconds Zz=150-300 cm
:‘émm barrel, r= 35 cm ~1.4x10"n /e | ~1.4x10%°n, Jem?
% x10 @ SLHC barrel, r= 48 cm ~1x10n,Jom? ~1x10'5 n Jem?
barrel, r= 62 cm ~8x103 n, Jcm? ~8x10" n, /cm?

Long strips Max. annual dose | 10 years (~6000 fi3)
disks, r= 80-100 cm, ~1x10" n,/em? ~1x10%n,/cm?
z=150-300 cm

barrel, r= 84 cm ~6x10'% n, /e ~6x10 n, /cn?
barrel, r= 105 cm ~5x108 n, Jem? ~5x10M n, Jem?

Assumptions made on SLHC running can vary betwégyears SLHC” and “10 years SLHC

+ 50% safety margin”
G. Casse, University of Liverpool

Seminar Bonn, 152005
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Predicting Limit of Operation of

Silicon at SLHC doses

For LHC dose rates:

» Malin failure mode is when full depletion £)\) voltage
goes beyond the maximum voltage allowed by the
system. Prediction carried out on the basis f. V

For the SLHC dose rates

*Trapping will be the most important radiation etfe

*\What is the suitable prediction criterion?

G. Casse, University of Liverpool Seminar Bonn, 152005
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Changes of V¥, with fluence

Space charge density
N+ and full depletion
voltage \f, versus

proton fluence for %
standard, carbon- 3
enriched and three
types of oxygen
diffused samples: 24,

48 and 72 hour
diffusion at 1156C

G. Casse, University of Liverpool

1E+13 I
= 0.043]
9E+12] po P
, + 500
8E+12717 o standard (P51)
7E+1211 —®— O-diffusion 24 hours (P52) 400
—e— O-diffusion 48 hours (P54) Bst = 0.0154
6E+121 s O-diffusion 72 hours (P56) P4
5E+12 1 —O— Carbon-enriched (P503) 300
, Y
4E+12 4
) . T 200
3E+12 K .. Bio = 0.0044:0.0055
2E+12 AR < _-z28 100
)? 4" ’ - = ’= - =t -
1E+12 LR A
'_
0 1 1 T O
0 1E+14 2E+14 3E+14 4E+14 5E+14

Proton fluence (24 GeW¢) [cm'z]

Nyt = Nt (0)e™ — S

Seminar Bonn, 152005

Vp for 300 um thick detector [V]

17



Changes of Y, with time

N ¢ and V. versus time after irradiation to 7.5%2@ cm? of a
silicon detector stored at 20.

2.5E+14 18000 2.5E+14 - - - - - - - 18000
1 T ron
1 16000 : : : ' : : : 1 16000
1 T ron
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. 1 10000 = - 410000 =
) - E 2
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0.OE+000 1 1 io 160 1600 1000?) 0.05+00 ‘ ‘ ‘ ‘ ‘ 0
' 0 500 1000 1500 2000 2500 3000

- (o]
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The annealing behaviour are unusual: after sonweeg (expected
annealing behaviour) a strongpverse’ annealing takes place.

1
N, x[1-—
Y, ( 1+t/ry
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Temperature dependence of the annealing

| 1))
—:ky:kgyexp( Y)

Ty kg'l,

Can use the temperature to
accelerate the reverse annealing
relative to RT (e.g. @8C
acceleration factor ~7300), or to
store avoiding reverse annealing
(e.g. @OC~1/50)
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Changes of,) with fluence and time

= O‘(Dqu Al (t) =21, (t=0)x>"d exp{—ij

T.

& n-type FZ- 710 25 Rcm
of § n-type FZ - 7 Kdcm

10 F X Nn-type FZ -4 1KQcm

f O n-type FZ - 3 KQcm

= p-type EPI - 2 and 4®cm

610" T T T T T T T i “\““6'1017
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e n-type CZ - 14@cm ] B

+ p-type EPI - 38@cm | e oxygen enriched silicon [O] =10 cm®

N R B - . — parameterisation for standard silicon
10t 10" 10° 10 10"
Dgq [cMT7]

a(t)

Al IV [Alem?]
S,

105}
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annealing time at 6C [minutes]

Fluence dependence of leakage current

for detectors produced by various proceg§,rrent related damage rateas

technologies from different silicon  ¢,nction of cumulated annealing
materials. The current was measured after time at 66C.

a heat treatment for 80 min at°&D.

G. Casse, University of Liverpool Seminar Bonn, 152005 20



Temperature dependence of the reverse cur

The reverse current is independent
on the silicon bulk material. It can
though be controlled by
temperature:

E
2 _ g
| (T)OT ex;{ 2kBT]

It reduces by a factor of two every
/-8 degrees.

G. Casse, University of Liverpool Seminar Bonn, 152005
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Changes in the electric field after irradiatic

P-in-n sensors after irradiation:
Standard n-bulk inverted to p-type, naive desaipti

mirror image with respect to pre-inversion.

.
P n-bulk

W

before irradiation

Electric field

Depth Cepth

There Is evidence that a more structured
E develops after irradiation

G. Casse, University of Liverpool Seminar Bonn, 152005 22



Changes in the electric field after irradiatic

1.0 \ %
75wlts | 45wlts — 50 wolts = n* layer Depleted n  p" layer
08 | ——55wlts ——60 wolts 8
_ _ ——70wlts —— 75 wolts "8'
EO'G mcrbeizzmg L Depleted p
% 0.4 Quasi Neutral
45 volts Bulk (QNB)
0.2 1
0.0 : : EO
(b) 0 50 100 150 200 -
time [ng] Depth
Shape of the electric field implied by the
A double peak is observed double peak signal, but the depth of the
~with front (p-side) high-peak layer is small and doesn’t
lllumination with low range affect much the signal of mip’s in hep
particles of an inverted Si detectors. The dominant signal develops
detector. In themain region. For practical reasons

the naive description still holds.
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Changes in the electric field after irradiatic

o
Gh

T=255K neff=2.5e12 cm-3

Electric field o
Inirr.

E T=255K neff=2.5el12 cm-3
—_ 10V
lel2 § =— 15V
— 20V
s 25N

30V
lell 35V
—_— 40V
— 45V
|l — sov
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1l

Electric field [V/cm]

,_.
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ELohdhdhad
885858888
g dg

z

conc., irr
detector

100 200 300 100 200 300
ez : ‘ Depth [im] ® Depth [sm]
100 200 300

() Depth [jun]

A morerealistic profile of the electric field needs simultaneous sofubf the Poisson
equation and e and h continuity equations. The keogé of radiation induced defects
IS necessary. In this simulation, 3 known defects agfte@ive ones are used. This
simulation confirms a ‘double junction’ shape andwa tmncentration of free carriers
In irradiated detectors at any voltage (the idefulbfiepletion seems incorrect).
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Evolution of V| with operation time in LHC
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G. Casse, University of Liverpool

—— 2days 20 9C, 28days 170C
2days 20UC, 14days 170C
2days 20°C, 7days 170C

- No maintenance (always -7 o

LHC,
max Vrp
~250V

Nt (cm'3)

tracker and middle sL HC

nixel layer
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4e+13

3e+13

2e+13

le+13 4

—— Operation <-20°C, 7 days at 20°Cly
Minimum V., (end of beneficial annealing)

251V
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218V
6e+13
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f

SLHC

365 730 1095 1460 1825 2190 2555 2920 3285 3650

Time (days)

Seminar Bonn, 152005

2000

Time (days)

- 10000
r 8000
r 6000
r 4000

r 2000

According to this scenario the-\in the SLHC middle pixel layer

(right) exceeds 1000V already in the first yeansMoltage can be

considered the very maximum achievable for a laryeon detector
system. The prediction based op,Would lead to the conclusion

that a Si-tracker in the upgraded machine is urnféas

V., (Volt)
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Comparison Y, — CCE(V)

Charge collection as a function of bias for a non-
Irradiated silicon diode. The collected charge clea rly
saturates at V .

4
3 |
- ~
g / Vep
3 e
l ad
L
D

o 2 4 & 2 14 12 14

sqrt(bias) [V1?]
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Evaluation of Trapping Effects

Corresponding Charge Collectlon Efficiency vs Vod#dgr diodes

irradiated to ~2.18 p cm?. At V. 8 ~ 80% of the plateau charge is
Vis

collected. The CCE above-

because of shorter coIIectlon timg) (t

1.20

o
N A O
o O

o o
o
|

Normalised collected charge

o
o
S}

G. Casse, University of Liverpool

ue to the reduction of trapping

1.00 -
0.80 -

Bias [V]
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Evaluation of Trapping Effects

* The effects of trapping can be parameterized ingerheffective trapping time
(Kramberger et al) or, equivalently, velocity dependent attenuatength Marti |
Garciaet al)

* In both cases, it accounts for highest trapping whkefeld is lowest

- These parameterizations assume timescales such thatahen-trapped charge is
collected, integrating over transient effects.

— No influence of ballistic deficit is taken into acgd, but the measurements show
that this is not influent for integration times of 85n

* Nevertheless, both analyses give values of the trgg@mnametep (averaged oves
andh) that agree. 3, X @, = 1My (trappingl! fluence)

4 ™, f("'-} ’;-l] | ’;-]
" gy

a% / = D p(x) = p(x)e(x)
) foff

© A

0, ")
gl")==—— | exp
wy 0
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Fits to the Charge Collection Efficienc

Vi OXy. 50V
Whit trapping, the collected charge Vgp std. 100V
doesn’t saturate at the so-called V. .
Strong over-depletion is needed to 00
reach the plateau charge. Even the 0.8 -
plateau charge is lower than the o
lonised charge Q, due to the trapping. ¢ os o Orygenated
The charge deficit is proportional to ®.  °*) - Non-omgenatec
Free parameters: 02 | o
attenuation length A, 0.11
depletion VOltage VFD : 0 260 460 660 860 1000
total generated charge Q, Bias V]

1.9x10% p/cm?
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The signal formation in the case of diodes is duedth charge
carriers (e-h). In the case of finely segmentedag=vthe signal is
mainly due to one type of charge carrier, namalythme case of
p-side and e ‘=~ =7 == 707 === = E=um of charge

loss due to NO cases.

Bulk.

w W

before irradiation Y after irradiation

Electric fiel
Electric field

»
» |

X W X W
Depth DCepth

The above description of the CCE(V) properties sstg
that trapping is inversely proportional to the eotlon
time, therefore in the case of segmented detectors
reading-out from the high-field n-side (after type
Inversion) leads to better CCE(V) behaviour
G. Casse, University of Liverpool Seminar Bonn, 152005 30



Charge Collection Efficiency

n-side vs p

-side read-out

Direct comparisons of n-side and p-side detectors w ith the
same masks fabricated on the same material confirm the
superiority of n-side read-out after irradiation.

Laser (1060 nm) CCE(V) In
the highest irradiated areas
for a n-in-n (7. 104 p cm?)

and p-in-n (6. 104 p cm?)

200 um thick microstrip
detectors

G. Casse, University of Liverpool

its)

CCE (arbitrary un

Seminar Bonn, 152105

I Laser (1064 nm) measuremenis

IR R [ S T [ T e R I [ S

1 1 L |
300 400 500 600

Bias (volts)
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Implementing n-side read-o

on p-type silicon

The n-side read-out can be equally wel = |

implemented on a p-type substrate arg <o [ 5 S e ez

keep the same advantages for CCE aftere =~ =
irradiation and exhibiting two additional s | 4 : % ¢
advantages compared to the n-type s | ; 1 %

bulk. 250 |- # [ B

» The p-type bulk doesn’t invert, so the *N-in-psull size ATLAS geometry
junction side will always be on the '™ [detectorsthave been made and
same side before and after irradiation  stfqcessfully tested on standard pitype

[ substrate

1 1 1
o 1449 230 00 400 R0 500

The p-type substrate devices don't
required backplane processing, which
turns out being cheaper (40-50%) than
the n-type. This argument can be of
capital importance for large area
coverage (sLHC trackers).

Bias (volts)

G. Casse, University of Liverpool Seminar Bonn, 152005 32



CCE of n-in-p detectors after SLHC radiati

20
¢ 7.5E15 cm-2
18 1
— 0 3.E15cm-2 $
g 16 1 % L
x B 1.1E15 cm-2 g 100 |
— 14
(1]
= % r & § i
12
.E’ § i - 50
u‘) L
10 r
5] 2 O?H.\H\HH\H.‘\..‘W Hhdatn S T P TN O X BRRRR N
8 0 250 500 750 1000 1250 1506 1750 2000 0 0 250 500 750 1000 1250 1500 1750 2000
Q 3 Cluster charge (ADC #) Cluster charge (ADC #)
6 s
4 o
2
O T T T T
0 200 400 . 600 800 1000
Bias [V]
b/ [

I R B N

o I
0 250 500 750 1000 1250 1500 1750 2000
Cluster charge (ADC #)

Collected charge as a function of the bias vol@gainiature (1x1
cn) microstrip detectors after SLHC level irradiatidni, 3.5 and
7.5x13°p cm?. NOTICE: > 6000e after higher dose!
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Reverse annealing of irradiated p-type

detectors

Remember changes of
Vep. They are verified
also for p-type
devices.

Annealing behavior

oxg
140 - PN std
120"
1—a—
1004 o oz |

T MCZ i pfem2
— B0 _s_wcziradiated 3514 plem2

cm

60
40 -

1E11

20 -,

A Neff (x

0 ‘:[[r——n' ] e (] [ === — e T
n-type
-20—_ - g yp
40 - \“‘-—--.._. . ._._-—1——‘”"'._’.‘_'_-3‘.(_\:
T T T
10 100 1000

Time (min) m

RD50 workshop. Firenze, Oct 2004
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Reverse annealing of irradiated p-type

1.1 10 pcm -2

detectors

Initial Vg, ~ 420V
Final Vg ~ 1900V
30E+13
-+ 2000
25E+413 |
20E+13 F T 1500
ﬂ?E
2 18E+13 |
é - 1000
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S.0E+12

0.0E+00

T 500

a
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Annealing @ 20 "C time (days)
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Reverse annealing of irradiated p-type

detectors

3.510% pcm-

Initial V-, ~ 1300V
Final V., ~ 6000V
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Reverse annealing of irradiated p-type

detectors
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Noise In Si detectors

Can identify three parameters:
 Changes in the input capacitance
e Changes in the reverse current per channel

e Generation of micro-discharge noise

C related noise: ENC ~ 600+50%(pF)

n

shotnoiSe(ENC) = /121 yciol(NA) taping O15)

G. Casse, University of Liverpool Seminar Bonn, 152005 38



Changes of interstrip capacitance wdth
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Shot Noise

High leakage current also adds to the noise.

Shot noise 3cm x 50 um strip

(300 um, flux 1.4E15) This gets added in

guadrature to other
noise contributions.

3500

3000 A /
2500

5 . .
Z 2000 - —25ns | In short strip region
2 1500 | —15ns | probably need to keep
€ 1000 10ns| ' total noise below
500 1 / ~1000ENC (for 25 ns
0 w w w w w w | shaping time).

-50 -40 -30 -20 -10 0 10 20

operating temperature (degC)

To keep shot noise contribution below ~400enc, nedekep the
operating temperature below -10 to -20°C.
(Shot noise reduced by 20% for 200 sensor.)
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Micro-discharge noise

B0 5&r  BED EO0D &SRO &4

al V=100volis

SHip rumber

iw

am -

B0

20

Y

o) F=300Voits

I i i i i
540 3o 3ed [nlH] 620 A40
Sdrip number

a40 balsa] o0 G0 aGEh ddd

bl V=200Valts

Sip nufnber

.

0ok PR I T A
E40  SER A0 600 ERD &4

dl V=350Volts

G. Casse, University of Liverpool

Strip numbe-

Micro-discharges can represent the earliest

mechanism of failure for micro-strip
detectors when operated at high voltage,
when high peak electric field are found.
Here it is shown the development of micro-
discharge noise in a patrtially irradiated p-in-
n detector: the non-irradiated area has a
higher electric field for the same applied
voltage and the noise is clearly anti-
correlated to the irradiation profile.
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200 *
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Noise [ADC counts]
w w w w w w
w a1 (o)) ~ (0] (o]

w
N

G. Casse, University of Liverpool

Noise In p-type miniature detectc

The irradiated devices (~280um thick) show a remarkable robustness
after irradiation, both in term of breakdown voltage and noise. The
temperature should be kept low (in this case at -22°C) to control the
reverse current and avoid thermal run-away after heavy doses.

w
D
!

¢ 1.1E15cm-2
A 3.E15cm-2
o 7.5E15 cm-2

No sensitive dependence
f noise on bias and dose!
No micro-discharges

>
7~

0 200

400

observed up to 950 Volts!
660 8(50 1000
Bias (V)
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SLHC predictions

Signal over noise (S/N) can be taken as
the criterion to fix the operation limit of
silicon detectors in high radiation
environments.

A tentative number of 10 can be
assumed as a safe S/N to guarantee
efficiency and purity of the
reconstructed tracks.

G. Casse, University of Liverpool Seminar Bonn, 152005 43



SLHC predictions with p-type device
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| layer
o
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1Mev n equivalent fluence [cm 2]

Signhal degradation measured with p-type
detectors as a function of the 1MeV n
P, for p-type micro-strip detectors

G. Casse, University of Liverpool
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SLHC predictions with p-type device

Assumptions on noise:
Unchanged by radiation
300e for pixels

1000e for inner short strips
1000e for inner short strips

Assumptions on speed: 25 ns shaping time

S/N figures at end of SLHC operations:
Innermost pixel layer: 3 (9 after 5 year
Middle pixel layer: >20

Innermost short strips: 14

Innermost long strips: 10

G. Casse, University of Liverpool Seminar Bonn, 152005 45
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Likely date for SLHC luminosity upgrade is around. 20
Preparations for required inner tracker replacerhané started.

The changes of ), shouldn’t be use as a base for prediction.

For most layers n-side readout Silicon pixel/strip tedbgy would provide
at least 10 years of operation, as demonstrated by\)Qigasurements.
b-layer may need new technology.

Probably need to operate sensors colder than attke(around -20°C?)

Engineering may be the biggest challenge:

e Limited time to build the tracker

 Very limited space for services.

 Many channels, high power dissipation.

» Cooling to low temperature

 Many modules to be produced in a short time.

G. Casse, University of Liverpool Seminar Bonn, 152005
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Thermal issues for SLHC

* Expected leakage currents and power
dissipation

e Thermal runaway

e Shot noise

Concentrate on at short strip region.

G. Casse, University of Liverpool Seminar Bonn, 152005
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G. Casse, University of Liverpool

Increase In leakage current

Flux dependence leakage current:

|l =ad,V

Independent of bulk type

Temperature dependent. Common to
useda,q.c and calculate temperature
dependence using:

2 E _
NES e
20c| 293 2k, | 293

Annealing time dependento, .. is:
4E-17A/lcm = ~400 days

5E-17A/lcm = ~100 days[ used here
5.5E-17A/lcm = ~25days

Seminar Bonn, 152005
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Current uA/cm2

Current & power

10000

2)
-
o
o
o

dissipation

Innermost short strip radius:

Current (UA/cm
(=Y
(e}

Power Dissipation in Silicon (W/cm2)

10 01 I I I T
-50 -30 -10 10
c 1 /
O .
£ o1 Operating Temp (degC)
5 _—
0 o 0.01 -
52 0.001 - /
g :
€  0.0001 //
0.00001

— SLHC: flux = 1.4 x10'> n,,/cm?, bias = 600V, 200 pm

-50 -40 -30 -20 -10 0 10 20
Operating Temp (degC)

Temperature | -40°C| -30°C | -20°C | -10°C] 0°c | 10°C| 20°C

LHC (mW/cm?) | 019 | 070 | 2.4 | 7.2 | 21 | 54 | 135 | |Currents: x 7
Power. x10

SLHC (mwW/icm?) | 1.8 | 65 | 22 | 67 |192] 508 | 1260

SLHC: to keep power dissipation same as LHC would neea trun ~20°C colder.

Note: no longer needed to keep sensors cold outpideation! (At SLHC we will not operate

sensors fully depleted, therefore reverse anneaingt a major issue.)
G. Casse, University of Liverpool

Seminar Bonn, 152105
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Thermal runaway

Strong temperature dependence power dissipatiofeadrio thermal runaway

simple model: Equivalent

Input: /N

Silicon sensor cooled at either end (no substragpine) 4 %‘ )
2 Cases: 4.5cm & 9cm wide (results independenknieiss)

Assumptions: ]
Heat exchange in 1 dimension only

Perfect connection to cooling

Thermal conductivity Silicon: 130 W/mK \_ J

Model to determine the thermal runaway points:

» Take “strip” across the sensor and divide into $iells.

e Calculate power dissipation and heat exchangeyelvars in each cell.
e Continue until it stabilises or diverges.

Alternative model (cross-check):

* Use equilibrium condition: dissipated power + heatduction = 0

G. Casse, University of Liverpool Seminar Bonn, 152005 50



Thermal runaway results

Temperature gradient across sensor for
different coolant temperatures.

Thermal run-away points:

4.5cm wide sensor:~ -9°C
(+17 °C for LHC)

9cm wide sensor: ~ -23°C§>
(-1 °C for LHC)

Temperature

(degC)

N !
NN NN
L L L

R
\‘

Temperature across Silicon
(flux 1.4E15, bias 600V, width 4.5cm)

-8 degC
-10 degC
-12 degC

=14 degC

e -16 degC
-18 degC

-20 degC
-22 degC

X (cm)

-24 degC
—-26 degC

Temperature

Temperature across Siliocn
(flux 1.4E15, bias 600V, width 9cm)

-22 degC
-24 degC

4
X (cm)

—-26 degC

| | e -30 degC

-32 degC
-34 degC
=28 degC
e -36 degC

Thermal runaway temperatures down by 22 to 28°C (LHCGSLHQC).

* need a spine or substrate underneath sensor for heatteaction

* need to run Silicon colder than at LHC

NOTE: heat from ASICs or environment not included!)
* Probably need good thermal isolation Silicon to ASICs

G. Casse, University of Liverpool

Seminar Bonn, 152005
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Full Thermal simulation

Full simulation including proper treatment of hegtut from environment and
ASICs can be done in finite element simulation (ANSYS).

But needs a detailed module design.

FIRST ATTEMPT

Stave

single sensor layer
carbon-carbon

1mm carbon-carbon under sensor
Sensor

8 cm wide, 30@um, 3 cm strips
®= 2.2x10"n,/cm>V, = 800 V
Hybrid :

CC base with thin kapton layer
14 chips per sensors (0.5 W)
distance to hybrid 2.7 mm (air)

Efficient cooling using -25 °C coolant.
But simulation still incomplete.

G. Casse, University of Liverpool Seminar Bonn, 152005 52



Conclusions Operating temperatur

Thermal runaway point is down by 22 to 28°C!

* Need efficient coupling to cooling (spine or substyand thermal
decoupling from ASICs.

 Need to operate colder.

Shot-noise considerations suggest to operate bdlwo -25°C.
(depends on expected signal from sensor)

Obvious challenge designing a cooling solution a to
operate this cold.
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Coolingchallenge

Good experience with £; evaporative cooling system for the current SCT.
* constant temperature throughout cooling lines
* high cooling capacity (limited flow)

Also in current SCT (endcap modules) successful thesaparation hybrid
and sensors

For the SLHC:

e more modules
e more power dissipation
 operation of sensors at lower temperature

Use two-phase cooling again.

Limited number of coolants available. Likely caraties:

* CFg

» CO, (operated at high pressures, but high cooling agpae. thin tubes)
Still need efficient thermal decoupling sensors AGdICs

G. Casse, University of Liverpool Seminar Bonn, 152005 54



Other challenges

for middle and outer radii

Replacement inner tracker will need to fit in|
the same spaaes the current one.

The same goes for the servic@slmost factor |-
10 more channels in SCT/TRT region!)

Limited time for buildingsystem with many modules!
Should make something that’s easy to build.
Where possible use experience of the current build.
e Build something similar or completely different?

G. Casse, University of Liverpool Seminar Bonn, 152005 55



Electronics and power distribution

Front-end electronics will almost certainly be dsepmicron.

 Reduced power dissipation per chip but more cliip®rall about a factor 2
power increase

Shared power to modules.

DC-DC conversion near the modules.

\ ’,' f 1“-‘,
NG ) \
iy -5 i ¥ Wl
dl' V) \
I N ¥y ,4_"‘/
AL \ ~' | . by AL/
N - | — o
: '1 <= & i ,L.- L ly s

Similar problem, more channels limited space.
Use shared high speed optical links.

G. Casse, University of Liverpool Seminar Bonn, 152005
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Some engineering Issues

Main considerations are dead material budgiability of servicesease of construction

Detectors needs to be mass produced in a relashelst time!

Staves on a space frangasy to build and handle, fewer connectors(?)

Modules on barreldess dead material(?) mechanically more stdf, better knowledge
module positions.

Full disks or “petals”full disks would have ~2m diametef :

Layout:

* Long barrel + few disks (compared to short bagirel mo _
material services shifted away to higher rapidigsier for pattern Material current
recognition. Higher inclination detectors to tracks inner tracker

Overall engineering:

 Insertion tubesindependent subassembly different layers 06
* Integrated detectdexcl. b-layer on beam-pipe): less material, ¢+ ;M |
better control over position layers. 0z [ |

Material in rad.len vs rapidity

G. Casse, University of Liverpool Seminar Bonn, 152005 o1



Stave Concept for Short Strip Layers

e Mechani CaIIy stable Z=0 End of 144cm Length Stave with 9cm Sensor Witt

« Efficiently cooled (high thermal conductivity sukse/spine)
e Optimal use 6” wafer

= 9x9cm sensor (3 sets of 3cm long andus®pitch strips)
Single sensor layer on stave
Double (28 chip) hybrids

G. Casse, University of Liverpool Seminar Bonn, 152005



Thermal simulation

Work done using ANSYS package (finite element therad
simulation)

Added to this package: simulation heat dissipation in

Silicon (including the temperature dependence).

Work based on ladder design with single sensor layer.

In ANSYS:
 carbon-carbon ladder |
» diameter cooling pipe 5mm

» CC substrate under sensor 1mm (too thick!)
Sensor

« 8 cm wide, 30@um, 3 cm length strips

* power based on®= 2.2x10" n,/cm> V= 800 V
Hybrid :

» CC base with thin kapton layer

14 chips per sensors (0.5 W)

» distance to hybrid 2.7 mm (air)

G. Casse, University of Liverpool Seminar Bonn, 152005 59



Thermal runaway model:

Results

Coolant temperature: -25 °C

Sensor: hottest point ~ -19°C
Hybrid: hottest chip ~ +14°C

No sign of thermal runaway with—
25 °C coolant temperature.

Some caveats:

» substrate is unreasonably thick
 simulation still incomplete, e.g. heat inp
from electronics and environment in to
silicon needs more detailed treatment.
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Trigger at the SLHC

G.Polesello, genoa workshop
Triggering at 10"’ cm ™ %s !

Strategy:

¢ High-threshold inclusive triggers addressing high-py (discovery?) physics

¢ Pre-scaled semi-inclusive triggers selecting calibration samples (e.g Z — ()

e Exclusive menus to select specific final states already observed at the LHC (e.g.

specific Higgs or SUSY decay channels)

Channel Threshold {GeV) | Rate (kHz)
Inclusive isclated e/~ L -~ 200
Di-electrons/ di-photons 30 - b _— -
Possible example of

Inclusive isclated muon 30 ~ 25 _ _ _

_ first level inclusive
Ci-muons 20 <5

o _ _ menus

Inclusive jets 350 ~ 1
lets + Ep 150,80 ~ 1-2
Total 50 kHz

G. Casse, University of Liverpool Seminar Bonn, 152005



Tracking requirements

Tracking requirements:

Efficient tracking/pattern recognitiom(|< 2.5)
High momentum resolution

(Ap/p < 30% for p = 500 GeV/c)

Efficient b-tagging

Fast trigger (level 2)

High multiplicity environment.
LHC: 3 years L=18%cnr%s1, then L= 16%cm?3s?

Detector requirements

Several space points with adequate precision
In both ¥ and z to limit ambiguities

Very precise ¢ space points over significant
range of radii

Limited material
Precise space point near IP

G. Casse, University of Liverpool Seminar Bonn, 152005

~23 collisions and ~2000 tracks

per bunch crossing

H—bb
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Further constraints

In addition to high track multiplicity:
High radiation levels

 Radiation damage
— degradation signal/noise
— Silicon
« thermal management
* high voltage operation
25 ns bunch-crossing time

Rlcm)

lan Dawson, Genova workshop

1 MeV equivalent neutrons

50 100 150 200 250 300 350 400
Z(em)
RYOSTA’

 Fast readout detectors

Aim for detectors to work

for 10 years.

Natural to separate reqgions=:
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G. Casse, University of Liverpool

Radii: 4.7 cm to 20 cm

Max. dose rate: ~8.0"n,,cnr2yr!
Tracking requirements

« Pattern recognition at high multiplicity
* Impact parameter resolution (3D)

e b-tagging

= high resolution space-points near IP
= Pixel geometry

Big challenge is radiation-hardness

Seminar Bonn, 152005
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PIXEL Detector: “rh
Sensors: oo ‘ ,
« HAPS (hybrid active pixel sensor) osler
(pixel sensor bump-bonded to readout chif :2 0 /O‘/ i
50 x 400 M pixels=> 6,,=12um, G,=66um \/‘T I’4

() Radiation hard Sensor (n+_in_n Oxygenate(l bump bonds (indium, or equi
silicon) operated at -6°C

Detector:
3 barrels

— “disposable(?)” b-layer @ 4.7 cm

=3 years at L=18cm?s! +
1 year at L=1&cm?s?

— 2 layers at 10.5 cm and 13.7 cm
2x3 disks

3 high resolution space points per tracl
~80M channels

G. Casse, University of Liverpool Seminar Bonn, 152005 65



Semi
Conductor
Tracker

Radii: 30cm<r<51cm

Max. dose rate: ~2.0%n, cnr2yr-t
Tracking requirements:

e Contribution to pattern recognition
e Strengthen momentum resolution
= high resolution ing

= Slightly less high granularity in z

G. Casse, University of Liverpool Seminar Bonn, 152005




Semi Conductor Tracker

Sensors/modules

» Silicon strip detector: 8dm x 12 cm strips
(shorter at highm)

(note: pitch constrained by occupancy nof
momentum resolution!)

e p-in-n Silicon, operated at -7°C.
 Two sensor layers per module (small stereo angle
* Space points witl,,=16um, 0,=580um

Detector

e 4 barrels,
 2x9 wheels \\
= 4 space-points per trac

— 6.3M channels

: | g( ’i"LLast Week
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TRT
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Radii: 55cm <r <105 cm
Max. dose rate: ~410**n,,cnr2yr!
Tracking requirements:

» Strong contribution to pattern recognition

 contribution to momentum resolution

 Fast track trigger (level 2)

» Standalone electron ID

= Many space-points combined with relatively high gfanty.

G. Casse, University of Liverpool Seminar Bonn, 152005
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TRT

Technology:

Thin-straw drift tube tracker.
* dtube: 4 mm, Q/ire =30 Hm

e many space points (~36 per track) =
* per strawo,,=170um 74

- polypropylene foils/fibres added in betwe{$ / "
straws to induce transition radiation for )
electron identification (independent of th

EM calorimeter)

R
S
e

Detector:
» Barrels:
longitudinal straws + radiator fibres.
* Disks:
radial straws + radiator foils.
» ~400k channels.
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Overall Inner tracker performance (TDR)
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Other implications SLHC

* Replacement electronics for calorimeter and
muon systems

 New beampipe
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Flavour-Changing-Neutral-Current top dec

G. Polesello, Genoa workshop

FCNC top decays at the SLHC

Most measurement in top sector (e.g. (1) ~ 1 GeV) limited by systematic

= no improvement at SLHC

Exception: FCNC decays
some theories beyond SM (e.g. some SUSY models, 2HDM) predict
BR~ 107" — 107", at the limit of LHC sensitivity

Expected 99% CL confidence limits in units of 10~°

Channel | LHC (600 fb~!) | SLHC (6000 fb~')
— 0.9 0.25
t—qq 61 19
t — qZ 1.1 0.1

These channels require O-tagging performance at SLHC similar to the one at LHC

Again: physics gains only achieved if detector penfance is comparable!

G. Casse, University of Liverpool Seminar Bonn, 152005
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