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Calorimeter pilc-up (noise incrcasc)
N R

The tracker is the kei detector which will require uegaclin&{:or SLHC

I same granularitg and integration time as now: tracker OCCUEDaﬂcg and radiation dose in

central detectors increases bg factor ~10, Pile~up noise in calorimeters bg ~ 3 relative to
1.\A4
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® The PerFormanceé’Lagout Working Groul:) was born in March 2007

® Aims: the Peﬁcormace&l_ayout group is intended to be the forum in which
so&ware and harc:lware experts wi” contribute to de\/elop the clesign oF a
new lagout for the Tracker upgracle @ SLHC

o Perform simulations & PerFormance studies

*

Dcvelop a common set o1c soxctware tools to assist these studies

*

DCVClOP set OF common benchmarks FOT' comParisons

*

Maximize thc overlap OF these common soFtware tools wi’ch those In use For
CMSe@I_HC (assist current efforts where Possible)

¢ Get goocl integration between Tracker and (Tracking} Trigger &esign

al

[

The grou should Provicle the relevant software tools to Properlg simulate
different agouts and studg the SLHC-Tracker PerFormances

Web Page:
httlps: / /twiki.cern.ch/twiki/bin/view/CMS/SLHC TrackerSimuSoftTools

HHPCFHCWS gorum: ]") n~cms~s| hc-trackersim@cem .Cl’1

al
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S Task List w

m A first task list (March ZOO7~SePtember 2008) was defined

with main focus on new geometrg development and relevant

software tools Procluction / oPtimization (we contributed
also in the “standard CMS” code)

¢ Strawman aPProach

« Not baseline tracking sgstems,just 2 examl:)le Iagouts as the starting
Points for simulation studies

IS l:ast/{u” simulation development for Tracker @SL.HC

®m Initial task list mainly focussed on Phase |
Y

* Phase | concel:)t came later

® The existing task list was dynamically updated and a large
5 C? AH P g

amount of time/ work was dedicated also to the full
_ simulation

ATLAS CMS Ul:)gracle aSLHC, 14 Novembre 2008 /2:@ A. Tricomi (Catania) =




%éThe starting Point

i. - - - PN ~_n - - = - -~ -\~ l." '.5
v . . . 3 §
L6

1.7

L8
L9

2.1

2.2
23
24
2.5

EEEEEREEE

‘ethe
"t Tracker

]esseshﬂthe
xeruture

.
-

., S
R ML

m
- & !

A. Tricomi (Catania) 5



L HC Tracker @ SLHC
Occupancy vs Luminosity

Yoo

From |LHC clesign |uminosit9 up to SILHC

TIB Occupancy vs. Luminosity

ccupancy (%)
- w
m
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Yoo

Phase II: Strawman A &B




Barrel Strawman A and B

)}
/

Strawman A Geometry: Strayvman B Geo/metrg: /

Perturbation of current tracking system Design more f'acllcallg ditferent from
4 Inner Pixel lagers, 2 strixel + 2 short current track'ﬂg s%stc?m

strip layers (TIB), 2-strixel + 4 short strip SUPCr‘I?HCrSJ cac wnth/two CI?UHCF
lagers TOBR); strixel Iagers can be lagers (mtegratecl trackmg/ triggering
doubl - L lagc—:rs); % inner Pixel lagers; can use

inner doublet for trac seecling

Strixel layers,

Mini~stri]:> or Pixel doublets
could be _(Layers simp

iﬁeclw@s rings for illustration!)
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From Julg Plcnaty meeting...

w1 Wide discussion about a sin%le realistic straw
man but still not a unique solution

1,2

1.20 : Long modules possible with CO2 cooling!
Longer barrel layers to match PT layers, at present locations
o P > > >
v
1.do 1,00 o All service connections at large z, i.e. outside tracker volume
>
enpaining end caps| with . .
> '] ger P 10 identical long layers to cover full  range of barrel + endcap
regent [pcations 0.9 :
0.80 | " '
-
Stereo layers he .
0.60 > S$terdo ring$ 0,60
> S
0.40 < 0,40

PT layers to cover full n range PT layers to cover full 1 range

0,2
S: 4 barrel layers + increased size Endcap
could be 3 disks/endcap?

0.06—x
-0.10 0.40 0.90 1.40 1.90 2.40

-0,10 0,40 0,90 1,40 1,90 2,40

G. Hall W. De Boer

Main conclusion: move initial straw man A & B to a more
realxstlc solutlon
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Towards a more realistic Straw man A W@

®m Straw man A was intended as a “Familg of Possible straw man”
w Aworking idea (Carlo and Alessia): Remove 1 “TIB” and 1-2 “TOBR” lagers

E C Strawman A r—-Phi View
00— (RecHit
0 B ¢ e )
- raclxographg )
20~ 4 TOB short s’crips
[ Remove 2
0:— — 2 TODbB strixels
C Acljust chn count
50/~ \ 2 TIB short strips
i \Rémove 1
100 2 TIB strixels
i | | | l | \ Acljust chn count
-100 -50 0 50 100 4 inner Pixels

Globalx
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New Strawman A

Globaly:Globalx {abs(Globalz)<30} |

> [ Stereo TOD
;o,oo:_ |agers build with
- mini~striPs
50—
] -50% Pixel ch.
= ,
C ~-20% s‘mP ch.
:_ with respect to
o0 “Full” Strawman A
1001~
r 1 1 l 1 1 1 | I 1 | 1 1 I | 1 1 1 l 1 1 | 1 l | 1
100 -50 0 50 100
Globalx
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Strawman A status: trigger w

. ‘ 4 inner pixels
Globaly:Globalx {abs(Globalz)<30} e P
> T T 2 TIB strixels
% _ N A / -A\"* —
o O v\ __ 2TIB short s’crips
B Yy ‘ \\ T l .
i AR strips ,
5 Vo B P Vo — 2 TOB strixels
L .l '\'I =.,_“ =,‘. /
I 11] P 4 — 4 TOB short strips
o :r_r l.6.cm v man A can be used to test
i 4 "a,! o1 algorithms: well suited both for
5 o R er width and stacked stub method
[ \ wo strixel doublets or any
10k / & / , ination strixeLministriP can be
i ;Strlxel laﬂersff L to simulate a Possible trigger
| . ARV R R R PR A T A R ,
20 25 30 35 40 45 gurat:on
Globalx rvssible lagout (with <Ar> =1.6cm):
Trigger version: co”apsed strixel lagcrs R1=2820cm R2=29.80cm
R3 = 68.70cm R4 = 70 30cm
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% More realistic Straw man B

—

(] Acﬁus’t granularitg (channel count) omc Strawman B lagers
. Keep the TEC for now until someone can work on the endcaps

pixel_recHit.gy
N N N
~ -3 <]

N
o

Strawman B r-phi view
(RecHit ‘radiography’)
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P I AFAATArS IS A
20 21 22 23

N
N » [=2] ] (=3
o (=] o = o

*pixel_recHit.gy)+(pixel_recHit.gx*pixel_recHit.gx))
o

542526 a7 28 a9 r-Z view
pixel_recHit.gx
Ern i s sl oo ) el e ) e
-100 -50 0 50 100

pixel_recHit.gz
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| Strawman B: Trigger studies

 Correlation Algori‘chm Performance of algorithm in ideal

Stub generation diti d ~959 .
conditions measured ~95% maximum

e?ﬁcien? of detectir\g high pt tracks, ~

x100 reduction in data rate

A stub s created when both the row ancl column
difference lie within a given rdnge,

e.g. row offset = 3
O < row window < +1
0 < column window < +

TgPical MinBias event at SLHC:
1455 tracks > 2 GeV
4 tracks > 8 GeV
Upper (in regjon leta] < 2.14)
Usin[g a stacked Pixel Iager at 25cm with

IXe Pitch 100 ¢ mx2.37mm and 2mm sensor
separation [row window=2, column

window=3]
Lower 140 stubs
‘IOOu; 7 1 includes 25 fake stubs
100pm Pass Fail includes 20 duplicate stubs
| ) )
M. Pesaresi. Oct. t|'| Ever9 event is triggered
’ / A second stacke%%aqer would reduce the

ATLAS CMS UPgracle aSILHC 14 Novembre 2008 / mber Og F&l(ﬁ&omi (Catania) |4F



Phase I: Strawman O
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Pixel Upgraclc OPtions -5

Option Layer/Radii Modules Cooling Pixel ROC Readout

@™
S| 0 4,7,11cm 768 C:F,, PS46asnow analog as now
@ 40MHz
2 4,7, 11cm 768 CO, 2x buffers analog as now
40MHz
3 4,7, 11cm 768 CO, 2x buffers analog as now
40MHz
u-tw-pairs
4 4,7, 11cm 768 CO, 2xbuffer, ADC digital as now
160MHz serial 320MHz
u-tw-pairs
5 4,7,11,16cm 1428 CO, 2xbuffer, ADC digital DC-DC
) 160MHz serial 640 MHz new PS
Roland Horlsbcrgcr u-tw-pairs

Baseline for Phase | studies

ATLAS CMS UPgracle aSLHC, 14 Novembre 2008 @ A. Tricomi (Catania)
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| Strawman O

Ui
inner Pixcﬁagers

xel material rescaled accorcling to Horisberger’s estimate
© Cooling Fluid: C.F,, rePIace 139 @

* Cooling Tube: Aluminium rePIaced bg Steel but Mass reduced bg ~a
factorTO

. No change in the forward pixel disks a third disk alread
imolemer%tecl and availablel:ﬁor stucliesm'—s\\ J

| sqrt(Globalx*2+Globaly*2):Globalz |

‘4_
% Pi
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2= A Tricomi, May 2008 CWES 2 )

o ey Layer iy 7 onp M
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ATLAS CMS UPgracle a SLHC, 14 Novembre 2008 2 ) A. Tricomi (Catania) 17



Material budget compar Ison
. (Prolect§ 5)

R.atno of Material Budget vs eta
4
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Strawman O: some CXBH‘IPICS

First Pemcormance studies done with old Estimate Per{:ormances for
CMSSW version (1. 8 4), however Pixel Standard Geometry ) Pixel-—new
material in1_8_4 not realistic material)
Need to move to 2110 (done since 4 Pixel Barrel Layer new material
few dags) b, End cap disks new material
Bongitudjnaljmpagtpammctcr_rcg@btion ] C nfg(fhem) resolution
107 — #
B 8d ) -»
B - 3l g
: —+~+_r+ 1 E val
L LS n i --:t'-.-
:' * *—:—_!—++_'_ i l-.-'-"-,:-.-
o - . -
TS L S g - . o -
i - A—l' — o '_'_’..-l" .- .
Cutrent Tracker - e
-
Strawman O . T
- T
-l
103 : - > la_
: | | |Dlmuolns 50 CJeV/1%}__t, no PllC up
0 0.5 1 1.5 2 qn25 R R BRI AT TR
ATLAS CMS Upgrade a SLHC, 14 Novembre 2008 0 0.5 1 15 2 M 2.5



- What we have now W )

® Straw man A & B can be conﬁgurecl to studg various
geometr9 Parameters

o Numbers and location in radius of |ager5

o Addition of strixels, mini~stril:>s, and doublet |agers
IS Conﬁgurable Pixel and strixel granularitg in XML files

IS lnPut/ feedback from other WG to reach more realistic geometries

ul

Straw man O for Phasel

l

ul

A modified version of the FastSimulation that can Prol:)erlg
account for the tracki ng sgstem granu|arit9

{

al

A set of tools to validate the standard tracking Pemcormance
+ Work todoin siml:)lhcging the Pemcormance Packages for our studies

(

o Work todoin enabling fast highest Pileup rurming and more realistic
PileuP for the FastSimulation

ATLAS CMS UPgracle aSILHC 14 Novembre 2008 A. Tricomi (Catania) 20




' Simulation WG new Task List w ,

m Now that the basic straw man geometries ancl SW tools are
available a new Task list has been identified with emPhasis on
tracking/ trigger Pemcormance at high luminositg and on Phase |

studies
IS Feasibili‘c9 and Pemcormance of trigger doublet |agers

o Performance studies with an extra 4th barrel Pixel Iager and extra
orward dis

. Stuclg tracking and trigger Pemcormance of straw man A & B at 10¥cm2s-
¢ Studies of Horisberger’s oPtion 1to 4 for Phase 1 LHC upgracle

o Studies of the tracking Pemcormancc of the standard CMS detector at
Phase 1 luminosities

ATLAS CMS UPgracle a SLHC, 14 Novembre 2008 @ A. Tricomi (Catania) 21



5ummar9

® We made %oocl progress on the most important items on our |
WG initial Task list, 3nd it is time to consolidate and focus on
simulation studies, inclucling studies needed for Phase 1

1 We have a new prioritized task list with a set of simulation

studies that we need to do to give inl:)ut to the other tracking
upgracle working roups

®m The software tools are reacly to enable People to start the
simulation studies; and some studies have started (mainlg for
Pﬂ‘ase 2)
¢ The two straw men are readg to use
. E‘asg access from CVS
. People alreaclg started to test them and to Procluce first results
. Evergbodg interested is encouragecl to trg to use

Wﬁ need more work on the simulation studies, in Par‘cicular for
FPhase 1

ltalian contribution quite sizeable in term of work but not in
FTE (D for geometrg and Peﬁcormance studies

al

f

al

f
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Purpose of simulation studies W ,\

m |nvesticate “big Picture” geometrg s’trategies

o Number and tgpe of tracking Iayers, granularitg) choices of
technologg or materials, readout pho:ce, ocation of active an
Passive components and integration with rest of CMS

] Stuclg various trackin%/ trigger al%orithms

. Studg erformances of existing trac ingal orithms in SLHC

’

environment, reconstruction efficiencies, fake rates,. ..
+ Compare different tracking algorithms
o Lookat timin%, trigger efficiencies, reconstruction eficiencies for

benchmark E 95!(:5 51gna|s, {:ake rates,. .
|

. Coml:)are dirtrerent trigger algorithms

] Stuclg effect of realistic hardware clesign choices
¢ Compare c itferent geometries, imPact of overlal:)s noise, details of
the readout and resets and information being reacflout
] Stuclg details of realistic conditions

¢ Beam conditions, beam related backgrounds, Pileup, noise, non-
Gaussian tails in distributions, machine components near IP, overIaP
regjons, inefficiencies

ATLAS CMS UPgracle a SLHC, 14 Novembre 2008 A. Tricomi (Catania) Woin




| HC-Tracker: occupancy

Yoo

. : Laycr A\? Modules | Pitch 2:2
N - e O Tesla # radius |in Phi Phi .
= -1 [ A 4 Tesla - P
= v ptgt1Gev | [ [T
_2 B Pix2 |7.%
10 &= ,
- Pix3 |10.19
0 L TIBI |255 |26-30 |80 80
- TIB2 |34.0 |34-38 |80 30
_4 B
" O O | | | | 5|O | | | I,I é]ol | le} 4-5‘0 4-4-_,4-6 ]20 _
Jem TIB4 |52.0 52-56 120 -
ATLAS CMS UPgrade a SLHC, 14 Novembre 2008 A. Tricomi (Catania) 25




2% Towards a realistic ‘strawman A’

® Strawman A has a number of channels (mainlg Pixels from
tricger la ers) which is too high to be considered

Tab @6@&@1@ UpgradeSimulations/Geometry/test/trackerModuleInfo StrawmanA.cfg

Strawman A Active Surface [cm2] ilI;OCs # channels i:ltnodules
Barrel - Pixels (PXB) 251522.3 79552 @ 24240
Endcap - Pixels (PXF) 2834.4 4320 17971200 672
Barrel - Strips (TIB + TOB) 616886.2 85968 18132
Endcap - Strips (TID + TEC) 902046.7 34624 4431872 7216
# # #
Original Geometry Active Surface [cm2] ROCs channels modules
Barrel - Pixels (PXB) 7558.26 11520 47923200 768
Endcap - Pixels (PXF) 2834.36 4320 17971200 672
Barrel - Strips (TIB + TOB) 1103896.7 38160 4884480 7932
Endcap - Strips (TID + TEC) 902046.7 34624 4431872 7216
Carlo Civinini, 7 Oct 2008

ATLAS CMS U[:Jgracle aSLHC 14+ Novembre 2008
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B Old Vs New StrawmanA

Full geometry table in:
http://hep.fi.infn.it/CIVININI/slhc/GeometryTable.xls

Strawman A Active Surface [cm2] ﬁOCs # channels fnodules
Barrel - Pixels (PXB) 251522.3 79552 330936320 24240
Endcap - Pixels (PXF) 2834.4 4320 17971200 672
Barrel - Strips (TIB + TOB) 616886.2 85968 11003904 18132
Endcap - Strips (TID + TEC) 902046.7 34624 4431872 7216
#
Active Surface # module
Realistic Strawman A [cm2] ROCs #channels s
Barrel - Pixels (PXB) 58030.73 41408 172257280 5680
Endcap - Pixels (PXF) 2834.36 4320 17971200 672
Barrel - Strips (TIB + TOB) 829242.6 72288 9252864 14712
Endcap - Strips (TID + TEC) 902046.7 34624 4431872 7216
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& Strawman A Status W

®m Barrel Strawman A Components
o Short strips for outer TIB and TOB lagers

Material/lmages from Carlo Civinini

New TIB New TOB
modules: — modules:
1/5 l 1/4
length length

(Iguana view) (Iguana view)

o Strixels for inner TIB and TOB layers
o Strixel 1and 2 (ex-TIB) with 100um x 600um strixel size
o Strixel 3 and 4 (ex-TOB) with 100um x 1200um strixel size

o Short strips nd Strigels differ in that Strixels are implemented(fs “Pixel
agérs”, and the track reco Packages treat “Pixel” and “strips” it eren’clg.

® For More information see Carlo’s talk at March 13th meeting and our
geometrg twiki pages (see twiki link on the first slide of this ’ca”<)

. http://inclico.cem.cln/con?erenceDislp[ag.Pg?conﬁcl229§§8
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' Strawman B: sensor geometry W@

Strawman B parameters modified in pixbar.xml and trackerStructureTopology.xml

Sensor choice: tilted at 23° — to reduce cluster width —_—

by minimizing Lorentz drift

100um thickness 230
28mm x 72.8cm sensor dimensions

z overlap —to fill gaps in z z overlap
<+

100 ym x 2.37mm pixel pitch

256 x 30 pixels per module

Sensor separation varied between 1-4mm

Modification made to geometry to aid trigger studies — not yet part of StrawmanB

z offset — to match columns z offset
in top and bottom sensors 2
with increasing eta

M. Pesaresi, Oct. 7th

A. Tricomi (Catania) 29
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“ % Strawman b: Trlgger Studies

Stacked Layer Digis

[detld, row, column, adc]

adc cut & sorting

Sorted Digis

[detld, row, column, adc]

correlation algorithm

Stubs

[detldygn, FOWpign, colulmnhigh, adc,;, row difference,
column difference, simTrackldyy,, simTrackld,,,]

adcgg; > 30

sorted by detld into modules with
upper and lower sensors

hits between upper and lower
sensors are correlated to check
for high p, tracks

modifiable search window cuts
can be applied

M. Pesaresi, Oct. 7th

ATLAS CMS UPgracle aSLHC 14+ Novembre 2008
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\Strawman B: Trigger studies

Yoo

, , . 256
Correlation Algorlthm : /
Row difference calculation 5 // > pixel row 125
Since the sensors are tilted, there is a difference 0 / ” pixel row 114
between the position of the higher and lower sensor hits .

for a high p, track which is also dependent on the
position of the incident track on the sensor

22

The fixed offset as a function of the row number can be
applied to calculate the true row difference

20

Row Difference

18

Equivalent to an on detector map between the hit
position on the higher sensor to a set of positions on the

lower sensor

14

12 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
. R 200 300 400 500
Column difference calculation Pixel Row

o
-
o
o

Column difference is not symmetrical — dependence on whether hit is in detector +/-z. Can be
exploited to maximise rate reduction.

M. Pesaresi, Oct. 7th
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9 Trigeer studies with Strawman B W

Strawman B has been used as the basis to commence trigger studies using a stacked
pixel layer at 25cm
Algorithm to correlate digi hits from high p, tracks has been written
Performance of algorithm in ideal conditions measured - ~95% maximum efficiency of detecting
high p, tracks, ~ x100 reduction in data rate

Next step will be to correlate stubs from this layer to those from a layer further out — such
as a stacked strip layer at large radius or a stacked pixel layer at mid radius
Will be possible to then estimate pt resolutions, trigger rates etc

Possible methods of reading out sensor data have been looked at

Block correlation is successful but needs some refining
Other methods still need analysing

Still plenty to investigate...
Effect of occupancy on performance
Effect of changing layer radi
Effect of changing pixel pitch, short/long pixel strips

Possibility to extend layers to high eta M. Pesaresi. Oct 7th
N 3 M
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m Endcaps need work (noone is adclressing them for the time being)

¢ Strawman A - several oPtions: add 3rd Pixel disks, stay with TID and TEC or
replace TID ancl/or TEC with longer barrel) etc.

¢ Strawman b ~ Longer barrel replaces TID, kecP TEC with barrel same length
as the TOB

| Full Tracker radiography |

oA St

1 1 1 I I I I I I I l I I l 1 I l 1 I I I I I 1 l I 1
0 50 100 150 200 250 300
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B Material Budget W
® Project 3-5:
¢ ooling Fluid: C.F,, replace by CO2

IS Cooling Tube: Aluminium replacecl bg Steel but Mass
reduced 59 ~ afactor10

* no change N geometrg butlust re weight according to Roland’s
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