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b CMS and LHC

Preliminary Long Term Predictions

The CMS detector is | foralint (ot

performing well |I| “H

LHC plans 2016

2010-2011 runat7 TeV peak lum<2x10%2cm2st
2012 shutdown
2013-2015 runat 14 TeV peak lum <1x10%* cm-2st
—»2016 shutdown
2017-2020 run at 14 TeV peak lum 1-2x10%% cm-2s-
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Current CMS Pixel System

3 Barrel layers
2 Forward disks on
on each side
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Goals for pixel upgrade ﬁ

+ Reduce material

» Reduce deadtime as luminosity increases from readout chip
» Increase 3 hit coverage

+ Replace sensors to decrease radiation damage

End disk volume Barrel volume
3 disks per side 4 layers

Barrel supply tube Barrel end flange Outer rings Inner rings

Barrel cabling & tubing
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CMS

Reduce Material

Compact Muon Solenoid

oLD _

« Ultra-light mechanics
% CO, cooling (instead of C¢F,,)

« Eliminate endprint in barrel by
using twisted pair cables and
move barrel services out in Z
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CMS

Py,
D
o
-
O
D
O
D
QO
o
—
=
D

7omm w5 1 @ + The current detector was
| E Rigs v designed for maximum
52 x 80 pixels | '. IumanSIty

L =10*cm 2s!
with the PSI146 readout chip
el i:fbtfﬁifgn & ,(A\thl)_(i)trigger rate of 100kHz
with 2x10%4cm-2s1 expect 16%

9.8 mm

double—column
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; & Column drain deadtime
- | ¢ Readout deadtime
’2 ' — Make new ROC (0.25um)
£ with larger buffers
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CMS

Compact Muon Solenoid

K aplon

Increase 3 hit coverage

Detector Module
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10-15% loss in 3 hit coverage for n < 1.5

—>

Make 4 layer barrel, 3 end disks

« But services are limited by cable plant

« Change optical readout from 40 MHz analog to
serialized 320MHz binary

¢ New ROC needs 8 bit ADC, 160 MHz digital readout
¢ Have micro-twisted pair cables take signals to reduce material

Pixel 2010 Sept 6, 2010

Existing
System

MNew
Concept

Alice Bean - Univ. of Kansas



-~ -
Signal [ke]
N
al

=
ol

N
o
T

10}

sF

Not irradiated, 250V
Pions, 600V
Protons, 600V
Protons, 800V
Protons, 1000V

>0 P» @

O Be=r

b

07\\\\

10 20 30 40 14 50
@ [10 n,/cm?]

Replace sensors to
decrease radiation damage

Current sensors are n+ on n

¢ Electron collection allows for
operation after space charge sign inversion
even without full depletion

¢ The expected radiation fluence per year
at 103* cm=st for the innermost layer is

3x10 ngJem#/yr
¢ Specified to operate at 6x10* n, /em?/yr

« Use similar sensors for 2016, but fine tune design

¢ No other good options, yet

¢ Hit detection efficiency and resolution expected to deteriorate

¢ May need to replace innermost layer before the end of Phase |I. Therefore
assure that the layers can be installed independently but the sensors may

perform fine

¢ See later talk by T. Rohe in this conference
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CMS Pixel System pxaoh by |/ Armpecmmms

320 MHz binary optical

40 MHz analog out

New Phase 1 System: |
O-suppressed serial

binary data readout at
320MHz, same data
structure

T

Current System:
0-suppressed analog coded

data readout at 40MHz
Fast control links at 40MHz cCU
Slow control links (tracker FEC)

40MHz clock, trigger
fast FC commands
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ympact Muon

The layout In Z
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The services are e el n=20
I /S rd
COmplex 20 i > = —
There are twice as [\ 7T v ;
many ROCS as 10 Qpto hybrids & mother board
present system

40 60 80 100
Z [cm]

(BPIX layer 384 outside,
1&2 inside)

To limit resistive power loss on
" loss on 50m long cables
Start at higher V and low |
near detector put DC/DC buck
DC/DC buck converter

Cable trench area
(EPIX layer 384 o
182 inside)

Away from interaction point:
increasing stiffness but also
increasing mass
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Reduction of Material?

Barrel Forward Disks
weighs 2.4 times less

iu

Radiation length € present B upgrade
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CMS .
Performance - Tracking

Compact Muon Solenoid

< Improve track seeding efficiency by 8% for n<1
« Fake tracks dramatically reduced
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CMS

Compact Muon Solenoid

Performance — b-tags
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b Jet Efficiency

Reduce fakes by factor of 6 for b-id efficiency of 60%
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Conclusions
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