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Chapter3

LHC physics—
requirementsfor the trigger

3.1 Crosssectionsand rates

Crosssectionsof phenomenato bestudiedat LHC spanmany ordersof magnitude.This is illustratedin Fig. 3.1
whereotheracceleratorsarealsoshown for comparison.
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Figure3.1: Inclusive proton-(anti)proton crosssections for basicphysicsprocesses.Interactionratesfor the
nominalluminosityaregivenon theright scale.

3.3� Review of physicschannels 21

Channelshaving low valueof the(crosssection branchingratio) productrequirehigh luminosityto collect
reasonablestatistics. Someotherscan be betterstudiedat low luminositiesbecausee.g. pileup of several pp
interactions,typical for high luminosity, canspoil vertex finding,etc.Wedenotethis in thefollowingway:

H — high luminosity:
L — low luminosity:
VL — very low luminosity:

Referencesin thetablesaregivenin thefollowing convention:
x.y.z — chaptersof theCMSTechnical Proposal[156]
LOI x.y.z — chaptersof theCMSLetterOf Intent[155]
yy-xxx — CMSTechnicalNoteCMS TN/yy-xxx
yy/xxx — CMSInternalNoteCMS IN yy/xxx
Nyy/xxx — CMSNoteCMS NOTE yy/xxx
CRyy/xxx — CMSConferenceReportCMS CR yy/xxx

Emptycells correspondto theareaswherestudyhave not yet beendoneor the informationis not available.
Notation meansthatno triggerthresholdis required;it is enoughto observe themuonin thedetector.

3.3.1 Standard Modell Higgs

Thequestfor theHiggsparticleis amajorgoalof LHC. Many physicschannelswereenvisagedto cover theentire
rangeof moglicheHiggs Masse— from todayslimit of 77 GeV up to almost1 TeV. The expectedobservability
is shown in Fig. 3.2 in termsof significance . It is definedas or , where and

standfor numberof signalandbackgroundeventsrespectively. Thethresholdof =5 canbeconsideredasa
discovery limit. It correspondsto thesignalbeing5 standarddeviations over thebackground.
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Figure3.2: Expectedobservability of StandardModell Higgsin CMS with integratedluminosityof pb (left
plot, dashedline), pb (left plot, solid line), and pb (right plot) [163].
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Û

al Weight        :  12,500 t.
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1.4
�

1.4 Overview of Trigger Organization

1.4.1 Introduction

The Trigger System is organized into three major subsystems: the L1 calorimeter trigger,
the L1 muon trigger, and the L1 global trigger. The muon trigger is further organized into
�
subsystems representing the 3 different muon detector systems, the Drift Tube Trigger in the�
barrel, the Cathode Strip Chamber (CSC) trigger in the endcap and the Resistive Plate Chamber
�
(RPC) trigger covering both barrel and endcap. The L1 muon trigger also has a global muon trigger
�
that combines the trigger information from the DT, CSC and RPC trigger systems and sends this
�
to the L1 global trigger. A diagram of the L1 trigger system is shown in Fig. 1.2.
�

1.4.2 Calorimeter Trigger

The calorimeter trigger begins with trigger tower Energie sums formed by the ECAL,
�

HCAL and HF upper level readout Trigger Primitive Generator (TPG) circuits from the individual
calorimeter cell energies. For the ECAL, these energies are accompanied by a bit indicating the�
transverse extent of the electromagnetic Energie deposit. For the HCAL, the energies are
�
accompanied by a bit indicating the presence of minimum ionizing Energie. The TPG information�
is transmitted over high speed copper links to the Regional Calorimeter Trigger (RCT), which finds
�
candidate electrons, photons, taus, and jets. The RCT separately finds both isolated and non-�
isolated electron/photon candidates. The RCT transmits the candidates along with sums of
�
transverse Energie to the Global Calorimeter Trigger (GCT). The GCT sorts the candidate electrons,
�
photons, taus, and jets and forwards the top 4 of each type to the global trigger. The GCT also�
calculates the total transverse Energie and total missing Energie vector. It transmits this information�
to the global trigger as well. The RCT also transmits an (
� η� ,� φ� ) grid of quiet regions to the global

�
muon trigger for muon isolation cuts.�

Fig. 1.2: 
�
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the corresponding track segment data from the data pipeline, and forwards them to the Assignment
£
Unit.
¤

Once the track segment data are available to the Assignment Unit, memory based look up
tables are used to determine the transverse momentum, the 
¥ φ and η coordinates, and a track
quality.The transverse momentum is assigned using the difference in the spatial ¦ φ coordinate of the§
two innermost track segments. The 
¥ φ coordinate is defined as the spatial coordinate of the track§
segment in the second muon station.

A preliminary coarse 
¨

η©  assignment is derived from the place the track crossed detector
wheel boundaries. A dedicated board has been designed for a finer ª η©  measurement; this
measurement is derived by using the data from central Super Layers of the three innermost muon
stations, which give a measurement of the z« -coordinate of the track segments [8.9]. The η © Spur
finder board tries to match tracks along the 
¬

η © coordinate§ . At the Assignment step, the η © Spurfinder
board attempts to match the found candidates with the track finder candidates. If the matching is
­
successful, the fine η©  measurement is assigned to the track finder candidate, otherwise the coarse
measurement is assigned. 

Each Sector Processor forwards the two best ranking candidates to the Wedge Sorter,
which selects the two track candidates with the highest transverse momentum. Each of the twelveª
Wedge Sorters sends the muon candidates to the Muon Sorter, which reduces the number of split
®
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Fig. 8.9: Principle of the track finder algorithm (3-step scheme). On the left
side, the pairwise matching algorithm is described. An extrapolated hit
coordinate is calculated using the § φ1 coordinate and the bending angle of the§
source segment. The match is considered successful if a target segment is
found at the extrapolated coordinate, inside a certain extrapolation window.
¬

2. System Performance

33

We have shown the advantage of using both the muon chambers and the inner tracker 
µ

as a
combined system in achieving the best momentum resolution. This requires that track 

¶
segments

in the muon system be matched to the correct track segment in the inner tracker in the presence
of several accompanying tracks.

Tracks were reconstructed via a Kalman filter using a tracking model 
·

with five parameters
at each reference surface: momentum, precise and coarse ¸ spatial coordinates, and precise and
coarse tangent angles (see Appendix). Tracks in the 

¶
muon system were filtered, smoothed and

propagated to the inner tracker ¹ where additional hit points were included ¹ for the combined 
¶

fit.
These tracks may be used tº o investigate track-matching ability. A comparison of the
extrapolated muon track parameters to the inner tracker 

¶
candidates provides ¹ the matching

¶
criteria: The momentum parameter provides ¹ the 

¶
best 
»

match to low pT
¼  tracks while the spatial

coordinate gives the best match to the high pT
¼  candidates.

The muon's extrapolated spatial coordinate determines the position and ¹ the extrapolated
¶

covariance matrix determines the range of allowed positions ¹ that are accepted in the 
¶

matching.
To accomplish this, a single muon is reconstructed using only the 

¶
muon system measurements

including a vertex constraint. The track parameters from this muon stand-alone fit and their
¶

errors are propagated to the outer measurement planes of the inner tracker. This 
¶

extrapolation
takes the full 
¶

magnetic field and multiple scattering into ¸ account. The extrapolation o
·

f t he
covariance matrix requires ½ the derivatives o

¶
f the transport 

¶
matrix and i¸ s accomplished using aº

Runge-Kutta numerical approximation. The error 
¾

matrix projected onto the inner tracker planes
¶

has both 
¿

precise and coarse spatial coordinate elements ¹ that 
¶

form error ellipses 
À

on the
extrapolated inner tracker measurement surface. The 

·
sizes of the 

¶
error ellipses are shown in

Fig. 2.3.7 
Á

for 
À

barrel and endcap 
»

muons and for transverse ¸ momentum ¸ in the range
10 GeV ≤ pT

¼  ≤ 1 TeV. At pT
¼  = 10 GeV, multiple scattering dominates the errors and the

precise spatial coordinate error is ¹ not significantly better than the coarse error. As the 
¶

muon pTÂ
increases, 
Ã

the effect o
¶

f multiple scattering becomes smaller and the error ellipses are reduced
accordingly.
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Fig. 2.3.7: Extrapolated position error ellipse for muons at ηÇ =0 and ηÇ =2.
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The uncertainties in estimates of cross sections at high energies and limited knowledge of
branching ratios impose a large error on the estimated trigger rates. In addition we cannot assume
�
that the CMS DAQ system will always run at its maximum design capacity. Therefore, we provide
�
for a safety margin of a factor of three from the planned initial 75 kHz maximum L1 output rate to
25 kHz, in designing algorithms for L1 triggers. Furthermore, this 25 kHz bandwidth of L1 output
has to be shared amongst both muon and calorimeter triggers. Therefore, we have selected a target
rate of 12.5 kHz for the individual totals of the calorimeter and muon triggers. The detailed list of�
triggers with their rates is presented in Chapter 15.
�

1.3 Overview of Trigger Structure

1.3.1 Level 1

The design of the CMS Trigger and Data Acquisition system is illustrated in Fig. 1.1.
�

At the first level all information about the event is preserved. The first level decision is
made, with negligible deadtime, on a subset of the total information available for the events. Made
at a fixed time after the interaction has occurred, a first level decision is issued every 25 ns. The
L1 trigger system must be able to accept a new event every 25 ns. The L1 pipeline data storage
�
time is 3.2 
� µs. Since signal propagation delays are included in this pipeline time, the L1 trigger
calculations must be done in many cases in less than 1µs. If the first level trigger generates an
accept, the event data are moved or assigned to a buffer for readout and processing by the higher
level triggers.
�

The limit of 3.2 µs is imposed by the amount of data storage in the tracker front-end
buffers before readout after a L1 accept. The quantity of tracker data requires an architecture which
�
provides for storage of event data before a L1 accept and readout of the event data (at maximum�

Fig. 1.1: CMS Trigger and Data Acquisition System
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Figure 2. Buffer stage transfer characteristic

B. Delay buffer

The analogue delay buffer is required to provide memory
for the trigger delay. Also spare locations are needed for
temporary storage following a trigger before the read-out
processor becomes available. To accommodate these
requirements each channel has 160 locations. The delay buffer
thus contains a total of 20480 (128 * 160) cells.

Each cell contains three switches and a storage capacitor,
see figure 3 below.

Figure 3. Delay buffer cells

The design is carefully optimised to conserve area, the
resulting cell is 30 by 31 (microns)2 in size. The cells are
arranged in 128 rows (channels) with each row having its own
write and read line. Before writing, the S0 switch is closed
clearing any signal stored on the cells capacitor. The S1 switch
is used to write a sampled voltage level (from the shaped
signal) onto the capacitor (Cstore). Most data is overwritten
with S0 and S1 but any triggered data is accessed via the S2
switch. The triggered data is read by a charge sensitive “read”
amplifier.

Since the signal was stored as a voltage the charge read is
dependent on the capacitor value. The higher the value of this
capacitance, the more gain in the buffer. In order to keep within
the 30 by 31 (micron)2 cell size the capacitor was limited to
115fF. Thus for a mip signal a char ge of 4.1fC is available
(given that 36mV was written).

Vin(V)

0
.8

0
.9

1
.0

1
.1

1
.2

0.0

-0.1

-0.2

-0.3

Vout(V)

Nominal bias point

Cstore

S1 S2

S0 Cstore

S1 S2

S0Cstore

S2

0

CstoreS0 CstoreS0Cstore0

S2 S1 S2 S1 S2

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

80-7

8-15

16-23

24-31

32-39
40-47

48-55

56-63

64-71

72-79

80-87

88-95

96-103
104-111

112-119

120-127

GlobalClock

4 Buffer

a

b

c

d

a

b

4

4

4

4

c

d

ClockClock

C
hannel N

o.

Enable
Global
Enable

level 1

Level 2

Level 3

P ` ` ` Z l

y:v�����v�ymx��%x�u�±�u ���Ï1xm|�}7�o|��(��~%x,} S ~���� � s Æ Y � � v�xmw1x�~]�ex,v8�(��x,u%�%x��$|�����}�w:� ���u.x�v�}_y:v�}�v�y:|��©v8��}�v�~%v�x�u]x�}���x�~�z+x�v����X��x�}
S °ì�%È+¯�z+x�v��e�]�%� Y x�}�~%��u%v��(�d�2ëe� t �d²i��}��bx�v�}�x,u!·���x�v�}�~%v�w1}c|���~%�e|�}�}7��}�w.���1}�Æ y:Ë<�
�Ay®��È�Ë �?x�u]��x�}¬��v�x.z+uX|�}�~%y:v�~]~%v��1}�~]wd|��%�%x,u!��x�u�·��1}���x�}�~(|��%��u%��x,�8��x�}$¯©�ov�x.��x�u�w1x,~X|�ym�]x<²?��v���¯��1�1}�x�v�}�x�u���v��e��¤
�[|�u]x�}�¯R~]ö7y:y:x,�%u%v�~]�X��x�}_ËRx�u]~%�1u]w1��}�w1~%~]�e|�}�}d��}�wO���1} � ¿3� ø s � ¡ ë Ð Ë t � s1É�¡ Ë �cx��%u]v�x��ex,}��
�!~]ö7y:y:x,�%u%v�x�}óv�y }��1y:v�}e|���x�}ï�7�%u]�1ym��x�u%��u(|����(�õ��x�uO�cx�����x�}ÿ��u��|�w1x�}ÿ��x,} ���%u%��ym�1x�u]��uX|����(�ÿ��x�uO²?��v���~_y¶v8�
� ¿@� ø � ê�ë¬¿8� t�s1É ¦ y:� ¨ � ê ¡ ¿A� t�É1É � � v�x�~fv8~]�.x�v�}_}�v��(�7����}�x�u%��x�����v��X��x�~:È+u%������x�yÎ�*���u���x�}
�!���+�7v��8v�����}�°bv���u%��~%�%u]v���z+uX|��(��x�u!y¶v8�?x�v�}�x�u2x�u%�o|�u]�%x��]x�}_�!~]ö7y:y:x,�%u%v�x2��x�~!Ë³x�u%~]�1u%w���}�w�~%~%�]u%��y:~!��x�u���È+Ë s1É �1��}
� Ð � t ¿A� t Æ��	ê ·�v�����¤A�!y¶� x�u]x1��±�x�w�x�}�����cx�u���x�y®­o|�~]x���v8}�x(¤ � x�~]v�w1}�~]v8}��d�2��x�u��©x�v�~%�]��}�w�~%�1x,u%��u(|����(�¬��x�u.²?��v���~o�1��}
%2ë ¡ �7Â |��7�B% s1Ð �7Â S Y ¯�|��ex�u2��x�uoñ2x��%�]�1~%�]u%��y®~%�%x,v8w��o�1��}+%�Æ+�7�ï|��7�B% �7� S Y �

	�� � � x�u<±�u]��}��¬�8v�x�w��!v�}¬��x�u.°bv�}�v�yp|��8v�~]v8x*¤
u%��}�wk��x�~À���X�c|����%��}�w1~X|��7���o|�}���~ S � x�v�~%�%��}�w1~(|��7��}c|���y¶x Y �ex�vow���x�v��X����x�v��%v�wbw1x�u]v�}�w1x�yÌ��v�w�v8�(|���x�}_�!|���~%�(��x�}i����u]�X�
�£ �cx�u]~%��u]x��(��x�}_v�yî��|�ö��1�����
�!����v��8����}�wkÆ�� ê¶u]x��(�d�]~<�,x�v�w1�.��v�x:±�u]������v�x�u]��}�w¬��x�u.}c|������u%��v��X��x�}@�7�]u%x�v&��x,}�u%x�v���x,}7���1��w�xm}e|��(�_��x�yÌ��ÈR��È$¤A­
���7�(�
S � }e|�����w1��x< ����8~]x �e|��cx< �u%�7��x,~%~%��u Y �����uR�e|�~����1��w1x,}���xo�!��~%wd|�}�w1~´¤´°ì�����%v�����x�Í7v�}�we� � v�x!�ox�v���x�}����1��w1xo��x�u
�7�]u%x�v&��x�}
|�y¸�!}e|��8��wd|���~%w7|�}�w���x�~�²?��v���~
�c|��o}7��}b�ex,v�|�����x�}¶��È+Ë ¤íz?ö7�ex�}���v�x�~%x����cx<Ò��1u%y

�7�%u]x�v&��x�}bñ!u�� ø Æ s S °/( � ë Y � Ð �Añ2z S ¿?ë Y � Æ t �Añ!z S ¿ t Y,V S Æ�� s�t Y

�?�1�cx�v ø t t�s1Ð ��v�x�ñ!��y¶y:x�uR��x�~!�2��~%w7|��cx(¤ízR|��d�]x�~o}e|��X�b��x,y �7�(|�u]�%��x�v��]����}��7� S Y v�~%���
� v�x<w�x��X|��d�]x��%x��!��u%x�~]~%v�x�u%��}�wk��x�u.È+v��ex���v�}�x(¤%�7�e|����%x�}¬v�~%�!v�}kÒ��1u]y®x�v�}�x�~ ���7��v�x�u%���^��u��ov�u]�������u!��x�}
��È�Ë s1É v�}p�2}��e|�}�wm­�� t |�}�w1x�w�x��cx�}��c�Ay ��v8}�}�x���x�~�±ÄuX|�ö�¤´²?�7��x,~<�|�}���x�u%�2~%v��(�b}e|��(�<¹(x,��x�y z�|��7�ov8y¶y:x�u³w1x�}e|��
x�v�}�x:�7�]x�����x<��x,u���v8}$�|�u%x,}¼�7�c|����%x�}c|���u]x�~%~]x1��º2v�x�u%�cx�v?~%�%x,v8w�����v�x<w�x��1y¶x��%u]v8~]�(��x<È$�1~]v8�]v��1}¬v8}���x�u.È+v��ex,�8v�}�x�v�} � ���7¤
�cx���~%�(��u%v��]�%x�}§|��7�!��}��«|���è ¡ t�É�Ð S t ê ¡ Y t�É ê S t ê t Y t �$Â_x�u%��x,}@w�x�uX|���x:��}��O��}�w1x�u(|���x��7�e|����%x�}7¤
|���u%x�~]~%x�}�w�x��%u]x�}�}7�o�cx��%u(|��(�7�%x���¯�~%��~%�]x������
��v�x�~?v�}m��x�uozR|��³x�v�}�x�}p� v�}�w1~]�ex�v��(��x�u?�e|�u�¯7v�}m��x�u?��v�x�|��d�]��x�����x�È$�1~]v��%v��1}
v�y¢�©º�²³¤ízR|��7�2��v�u%�7����v�x�u%�����ox���u��|�~]x�}7�X|�}d�]x�}_��v�x�u´�*���u�~%v�}��¬���?x�v
�cx�v�w1x,u�¯©x�v�}�x,u.����u��!}�wd|��cxm��x�u�z+u%v�w�w1x�u(|���u]x�~%~]x1¯
x�}�w��A�ez+u]v8w�w1x�u´¤´È$��v8}7�]x�u�¯c��}��¬x�v�}�x�uf����u��!}�w7|��cx<��x�u<�7�(��u]x�v��e|���u]x�~%~]x1¯$x�}�w1�A�cÂ_u%v��]x(¤´È$��v8}7�]x�u�� � x�u�Â_u%v��%x*¤´È$�1v�}7�%x,u
�A�|��7�U�
��x,yîz+u%v�w�w1x�u´¤´È$�1v�}7�%x,uo��yµx�v�}�x���u]�1w1u(|�y¶y:v�x�u%�c|�u%x!�$|��]x�}���öb��v�}7�%x�u]��x�u S �!������Æ�� t�¡ Y �



�)�*�+��
,� ����
 � 	<� 
 �
� 	�� r�� ��
Ar=	 	 �Rq 	<� Æ É

7.0 Running the APV25-S0

Once set up the APV25-S0 control is achieved using only the TRIG+ and TRIG- inputs
(complimentary). The positive input is normally held at logic 0 (and TRIG- at logic 1). Commands are
sent by pulsing TRIG+ to logic 1 (and TRIG- to logic 0) in three different ways.

7.1 Sending a RESET101

A RESET101 sequence clears any pipeline pointers and relaunches them with the
programmed latency separation. This is done by sending two pulses on TRIG separated by a
gap of one clock cycle (i.e 101). A chip reset period lasting 11 clock cycles then takes place
before the write pointer is initialised. Following this, a latency period later, the trigger
pointer is initialised. No triggers should be sent while the pointers are initialising (i.e 11 +
latency clock cycles after a RESET101).

Figure 9. APV25-S0 Reset Sequence

Please Note: Due to an unforseen timing problem which was detected when the APV25-S0
was tested, the pointers in fact start one clock cycle earlier than indicated in figure 9.

7.2 Sending a Trigger

This signal requests the APV25-S0 to reserve data in the pipeline for read-out. It is a single
pulse on the TRIG line. There is a two clock cycle delay in processing the trigger request
prior to it being applied to the pipeline. In Peak mode it will then reserve one pipeline
column for read-out and in Deconvolution and Multi modes it will reserve three pipeline
columns for read-out. Due to the delay in processing triggers, triggers must be separated by
at least two clock cycles. This means that in peak mode it is not possible to trigger
consecutive columns and for this reason the new mode of operation (Multi) has been
introduced It must be remembered that in the different modes of operation, different latency
values will be required since the signal will be sampled at different points on the shaping
function.

7.3 Sending a Calibrate Request
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Spalten-Adresse
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Martin Millmore Imperial College

How may we generate a veto?How may we generate a veto?

• A simple assumption is that by counting
triggers in and data out we may know how
many events are in the pipeline and make
sure that it never becomes too full.

• This does not work because of the way in
which the pipeline is cleared. Cells are only
freed when the trigger pointer is in the cell
directly  after a pair of cells waiting to be
cleared.

Cells to be read out

Cells to be cleared

1 2 34 5 6

This will clear cells 3 and it’s partner straight away

1 2 3 4 5 6

This will have to wait for the second event to be read out and
cleared before the first one can be cleared

P ` Z ` a C
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001=APV CHIP ADDR R
/ W

ACK (F r om  APV)

APV W ri te  Call A PV Cont r o l  r egi st er New  APV dat a

APV W ri te  Call A PV Cont r o l  r egi st er New  APV dat a

SDA

SCK

ACK (F r om  APV) ACK(Fr om  APV)

St r u c t ur e of  an APV I 2C W r i t e c o m m and s equenc e:

Exam pl e:  W r i t e Pr eam p bi as  of  500uA t o  APV c h i p  " 0101"

SDA

SCK

3 2 1 0 7 6 5 4 3 2 1 0

001=APV CHIP ADDR R
/ W

ACK (F r om  APV)

APV W ri te  Call APV Cont r o l  r egi st er

APV W ri te  Call APV Cont r o l  r egi st er

SDA

SCK

ACK (F r om  APV) ACK(Fr om  APV)

St r u c t ur e of  an APV I 2 C Read c o m m and s equenc e:

001=APV CHIP ADDR R
/W

3 2 1 0 7 6 5 4 3 2 1 0

APV Read Cal l Dat a Fr om  APV

ACK (F r om  Contro l ler )

APV Read Cal l Dat a Fr om  APV

Exam pl e:  Read Pr eam p  bi as
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CAMAC PROGRAMMIERBARE

LOGIC / LASER-EMPFÄNGER

DETEKTOR ABTASTEINRICHTUNG
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NIM - FIXIERTE LOGIK
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Analoger
Link

CPU Kontrolle

Synchronisierung

m x FADC

Lokaler Trigger

Blindtrigger

Vetoisierter Trigger20 MHz

40 MHz

Sequencer Trigger
40 MHz

APV Trigger
oder
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APV Rohdaten

RU    1      EV      100     HI        0   SI        0 APV10 PI 75

128 Streifen gemultiplext

digitale Null

digitale Eins

35-Takt-ZeitmarkeDigitalteil

Spaltenadresse

Abtastung [50ns]

ADC-Bits

Ist-Pegel
>99 %

t∆ S

T

Zeit

Einheit
willk. Beispiel Abtastphase

Soll-Pegel
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x�v Y ����u]�(�mv8��u%xo~%�(|�u]�<|��7�?x�v��X��x�}���x�}
È$x���x�~]�X|��8~.|��8# �|����8v�wc���!����x�u%��v8}�w1~ow1v����ox,~�|����X��Ò �|�����x�y:v��
|��d�?x�v��(��x�}���x�}k�cx����&¤´È$x���x�~%�(|���~�¯c��v�x�v�}p��x�}�±.|�v�}7¤R�7��x�u
�!°���¤íñ2�1v�~%x*¤´°�|��%u]v8�,x�}§}�v8�(�7��|��8#�|�����x�} S ��v�x�~b�/|�ub�1� ­��³� ���ub���?x�v<�cx,�8��x�} �cx�v.��È�Ë�° ñ!u��	Æi�1��}hº!ö7��u]v�� t;�1Ð
¦ º!��°�ê Ðg¨ ��x�u�Òc|���� Y �
�A}:Ò$v�w1��u � É ¯���È+Ë ðdñ2u��	Æ�¯�x,u%�1x,}�}7�
yb|�}.u]x��(�d�]~
x,v8}�xo~%�X|�u%��x!�!�����|�}�w�v�w1�1x,v8�$�1��}<��x,u/�7�]u%x�v&��x,}�}7��y:y¶x�u S � ·.|�}$�|���x
¡ ð ¡ � Y ���+v�}�xov�}���x�uo�7�%u]x�v&��x�}���u%��¹(x,�d�]v��1}muX|�����x!È$x���x,~%�X|��&¤´°�|��%u]v8Í�v�~%�R��x�v�}�xo�!}���x�v�w1x?�����uRx�v�}�x�} � x(��x,�d��¯��e|���v8x,~%x�u
��È�Ë ~%v��(�«~%��}�~%�m}���u%yb|��R��x�u%�e|����%x�}«�e|����+­?x�v!��x,}»°���±.²?~m�©��1}�}�x�}«·�u]v�x��(��~%�]u���1y¶xp|��d�?x�v��(��x�}���xkÈ$x���x�~]�X|���~
wd|�}���x�u�·.|�}$�|���x.�1x,u%��u]~X|��(��x,}�� � v�x�~2v8~]�!�cx�vR�7v���v8�,v8��ym¤%�7�%u]x�v&��x�}���x,�%x��7�%��u%x�}¬|��7��w�u%��}�����x�u��!²³¤%�+}7�%�1����������}�w:|���~A¤
w1x,~%�(�����1~]~%x�}��
�+v�}���x,�8}�x:��x(�Ux��7�%x��7�%u]x�v&��x�}�¯+�7�e|����%x�}_�7��x�um±�u]�����cx�}O���1}_�cx����8x,}O~%v�}��_}�v8�(�7�.���1����~%���|�}���v�wb����u]�X�i��v�x:È$x���x�~]�X|���~
}e|��X�����7�
x�v�~]x�}�¯c�e|���v�x�~]x�x,v8}�x�}k|�u]v��%��y¶x��%v�~%�(��x,}p°bv��%�]x����
x,u%�!�c|�u%~]�%x�����x�}��

�!����v��8����}�w � ��x,v8w��o��v�x.~%x,��u�w1��x�v��(��yk�|�Ï1v�w1xo�!°��d¤íñ2�1v�~%x(¤%°�|��%u%v�Íç�*���u!�c|�~ow1x,~X|�ym�]x�º!ö7��u%v�����x�~��7v���v����1}¶­/|�u%u]x��
°b�7������x S È�x,��x�~%�(|���~Rv�}��!����v�������}�w � ë � É w�x���x�v�w1� Y � � v8x?�cx�v���x�}m|��8#R�|�����v�w1x�}<�cx,�8��x�}m��x�uRx�u]~%�%x,}pÈ$x���x�~]�X|��6¤%°�|��%u%v�Í
uX|���~%�(��x,}:x��cx�}7�í|����8~³~%�X|�u%�©�7�+�ex,}�~%�.u(|���~]�(��x�}:·.|�}e|�� t ��}��:Æ1ê É ð�Æ1ê ~%�(|�u%�©���2}m��x�uRÂO|g��x�u´¤í·.|�}7�]x S ·.|�}e|�� t Y �ex(¤
~%�(��u��|�}��7�o~]v8�(�b|��7��w�u%��}��:��x�uo�cx�}e|��(�d�c|�u%�]x�}b�g±Ä�e|�u]�7¤´� v�}�w�¤%�7�%u]���7�%��u,�!�e|�~!�!|���~%�(��x�}�~!|��7����v�x�~]x�}��7�%u]x�v&��x�}��7�2�7�
��x�u�}�v��(�7������u%�(�_±��e|�u%�7¤%�ov�}�w�x�w�x�~%�(�+����%���]x�}OÂO|g��x�uA¤%°bv��%�]x.x�u]~%�%u]x��(�7�<~]v8�(���c|�~.�!|���~%�(��x�}¬�������x�u:����cx�u.y:x,��u%x�u]x
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�7�]u%x�v&��x�}$���+~�x�y:���ex������o~%v��(��¯c~%�����X��xÀ�7�]u%x�v&��x,}k�cx�vR��x,uÄ������u%u]x��1��}�~%�]u%���7�]v8��}k�,�kv�w1}��1u%v�x�u]x�}��cÂ_x�v��%x,u%��v�}�~]v8}�����v�x
�!|�}����cx�u%x,v8�(��x¶��x�u���È+Ë2~ S È+v��%�(�7¤A�!�e|����%x,u Y w1���.x,u%�1x,}�}7�e|�u��R�+�ex,}�~%�¬�[|�~%~]x�}_~%v��(�Ox,v8}�v8w�xÀ� v�x(��x�}_��}��_·À�|�y:y¶x
��}��bx�v�}�xfuX|���~%�(�e|�u]y:x�°b������x�x�u%��x�}�}�x,}��
±.|�}���xo±�x���v�x��]~X|���~A�X�|��8��xR~]v�}��.x��cx�}7�í|����8~+y¬��1w1��v��(��¯]�ov8x?�!����v��8����}�w � � �ex��?x�v�~%���1²?v�u%��| s1ÉRÇ ��x�u+�[|��A#��|���v�w1x�}<²?��v8��~
�cx�~%v��%�,x�}@�cx����&��x����8x,u.v�}¼Ò��1u]y®�1�1}¬x�u]����1�7�%x,y �cx,�8��u(|���~]�X��x�}��+�ox���u��|�~]x�}7�X|��]v��1x�­
x�v�~]��v�x���xm~%v�}��_v�}k�2����v�������}�w �	ê
���¬~%x���x�}�¯©�?�1�cx�v+v�}���x�u���}7�%x,u%x�}OÒ$v�w1��u2x�v�}�x��í|���~%�(��x � v�w�v8�(|���v�~%v�x�u]��}�w1~]���e|�~%x���v�}��������1y¶ym��¯��
x����(��x�x�v�}�~%�(|�u]�1x�~
�£ �cx�u]~%��u]x��(��x�}_v�}������,v8x,u%� S �©� É1¡ Y �7�+�A�/| ÉRÇ ��v�x�~]x�u��cx,�8��x�}b��x,v8�(��}�x�}�~%v��(�b}�v��(�d�ov�}b��x�}�È$x���x,~%�X|���~�|��$�

�!��~R��x�u
� v�}�x�|�u]v����|��]~%�7��u]�1x1¯��2����� �	Æ�¯�x,u%�1x,}�}7�Ryp|�}�¯��e|�Ï���v�~��,�mx�v�}�x�uRz+x�~]�%������~´¤´�+v�}�w7|�}�w�~%�[|�����}�w1x,}<���1} s1s1¡ � ¡1¡1¡
�+��x��7�%u]�1}�x,}k��v�x<���%x�v�w1��}�w:���1}�~]�X|�}7�2v8~]��� � v�x�~!�ov�u%��v8y®Ò��1��w1x�}���x�}b�ex,}d���%����¯©��y®y:v��?��x�y®v�}7�%x�u]}�x�}¬·.|���v���uX|��%v&¤
�1}�~%~%ö7~]�%x�y®��x,~!��È�Ëóy:v��Rx�v�}�x�u2z+x�~%�]������~A¤A�!y¶����v8�]����x2��v�xÄ±f|�v�}7¤%°�|��]u%v�Í<v�yî� v�}�x�|�u]�ex,u%x�v��(�k|���������~]�%x�����x�}��
º!v�x�u]�����ov�u%����x�u!��È+Ëo¤%²?��v��bv�}p��x�}b·Ä|���v8��uX|��]v��1}�~]y:�7����~?w1x�~]x��%�,� S �7x�ª7��x�}���x�uA¤ t1t�¡ ¤%�7x�ª7��x�}�� Y � � v�x�·.|���v���uX|��%v��1}
�ov�u%�«v�y¥�7�(��x�v��%x�������}��7�:��x�~:È�����~%x�~ S ��È�Ëo¤%�ox�w�v8~]�%x�u�è
²o�7·�Âï¯R� �Rz!� Y ����u]�X��w1x(�������u%� S ��È�Ëo¤%�ox�w�v8~]�%x�ub²o��Ë��
v�}O�©v�}�x�|�u%�cx�u%x,v8�(� Y ��Ë³�1}_��x�} Ð ±�u]�����cx�} | t ¤%�7�%u]x�v&��x�}_�ov�u%�_~]x�ª7��x�}7�%v�x����?v8y¶ymx�u!}7��ufx�v�}�x:±�u%�����exm}c|��(�_��x�u
|�}���x�u%x,}p����u%�(��w�x�� �|������ S ��È+Ë ¤´� x�w1v�~%�]x�u�è�² � � Ë Y �7�2}���x�u]}7�í|��8��~?w1x�u �|��?��v�x!­o|�~]x���v8}�x�v�}m��x,}p�,��u
�Ay¶������~%u]v��X�7�]��}�w
x�}7�%w�x�w1x,}�w1x�u]v��X�7�]x��%x�}i}�v��(�d�]��v8}�x�|�u]x�}k­?x�u]x�v��X�$¯©�7��x�u���v�xÀ²?��v8��¤´°�|�~%~]x<����x�v����2}�v��(�d�2y:x���u!~%�(|���v��A���2����v�������}�w � Ð
��x�v�w�����v8x�°b�1y¶x�}7�X|�����}e|���y:xox�v�}�x�u�~]�1���(��x�}k±.|�v�}7¤í·.|��8v���u(|��]v8��}�� � x,u�v�}7�%x,u%}�x�·.|���v���uX|��%v��1}�~]w1x�}�x�uX|��%�1u2��x�~���È�Ë
�cx�������~%�?}7��u�¹(x���x t ¤A�%x!È+v��cx���v�}�x(¤%�cx�v��8x�¯��
�7����u%�(�m��v�x
w�x���x�v�w��%xo�!}��1u%��}d��}�w.v�} � ­?� ����(�1x�}©� ����cx�u?��v�x/°ì�����%v�����x�Í7x�uA¤
±���x�v��(�7��}�w@Æ�� s�t x�}7�%~]�%x��7���!°�|�}½x�u%��x�}�}7����x�}ó|�}�w1x��.�|������%x�}�¯³��u%v��]�%x�} ­
���7�(�©� � |�~p��}d�]x�u%x¬��²?�8��~%�%x,uA¤%Ò�x�}�~%�%x,u��

RMS Noise Matrix

RU  469      EV      237     HI        0   SI        0 APV 2 PI 63

RMS-Noise
[ADC-bits]

Kanal-Nr.

S
pa

lte
n-

N
r.

l C B
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RMS Noise Matrix

Kanal-Nr.

S
pa

lte
n-

N
r.

RMS-Noise
[ADC-bits]

Hybrid-Kante

RU  470      EV      660     HI        0   SI         0 APV 4 PI 63

RMS Noise Matrix

RMS-Noise
[ADC-bits]

S
palten-N

r.

Kanal-Nr.

RU  471      EV      848     HI        0   SI         0 APV 3 PI 55

l C n�C Q C C B C C > `
Q B B > B `
> ` B C�` `
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Kanal-Nr.

Gain

defekter Kanal

defekte Spalten RU  131      EV    57338     HI        0   SI        0 APV 3 PI132

RU   18      EV  6225994     HI        0   SI        0 APV 4 PI101

APV Gain Matrix

defekte Spalte

= C ` C�B ` C�B
`
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w1v���� S (!}��8v�}�x Y }��1�A�?x�}���v8w�x<�A}����1u]yp|��]v��1}�x�}b����u�ª7�e|���v8�(|��]v8��x�}b·��1}7�%u]�1����x<�.�|���u%x�}��k��x,u<±.|�v�}7¤A·.|���v���uX|��%v��1}$è � v�x
�!}���|����³x�u%�1|�}�}7�%x�u�z+u%x$#©x�u.v�~]�!v�}k|�����x�} t �7�]u%x�v&��x,}kw��8x,v8�(��� � v8x��!}���|����+}�x,�ex�}�x�v�}e|�}���x�u%��v�x�w1x,}���x�umÈ+����~%~]v�w1}e|��8x�¯
x�}�w��A�^²?����~]�%x�u�Âhv����]��¯�v�~]�!v�y:y¶x�u/��v8}�~ S v8~]��|��7� É1¡ w�x�~%x,�%����¯�~�� � � ê s Y ��·.|�}e|�� Ð Æmx�u]��x���w��.x�v�}�x�x��A�/|�~!�������x�u
w1x,�8x,w1x�}�x�¯ex,�ex�}��í|�����~
w7|���Ï��X��1u]y:v�w1x!È�����~%�������x�}7�1x�u]�%x�v�����}�wc¯7x�}�w��í�cÈ+����~%x�º2x�v�w1�7� � v8~]�%u]v8�����%v��1}$�

�A}«��x�u:È+u(|�Í7v�~m�o��u%��xp��v8x,~m����u%�(�hw�x�x�v�w1}�x��%x��7�(��}�v��]�%x�u]x�|���v�~%v�x�u]��è
¯��?x����(��xo~%v��(�m�ex,v���x�uR�2�7��~]��y:yb|��%v���}!��}��:|�}�~%�(����v�x�Ï�x�}���x�u³ñ!�1u]y:v�x�u]��}�w!}c|��(� z+u]v8w�w1x�u]}<�cx�y¶x�u%�7�e|�u

yp|��(��x�}�¯��
x,u%��x�}¶�1��} ��	 � |���~R��x*��x��7�
x,v8}�w1x�~]�%�7����� � |��Aö7��v�~%�(��x����%u%x,����}�w�x�}¶� ���u?��v�x!��È�Ë °¶¤%²?��v���~R}�v��(�7�
�cx��1|�}�}7�o�o|�u]x�}�¯7�o��u]��x�}b��v�x�~%x��7�(��}�v��%�]x�y¶v�� ¡ � Ð � ���u
��}7�]x�u%x�y¶�7�e}����8v��(��x���}�� t �	ÆÄ� ���u ����ex,u%x�y¶�7�e}�����v��(��x.�cx�����x�}
w1u]�1Ï�� ���w1v�w�|�}�w1x�~]x��%����� � v8x,~��c|��.~]v8�(�_v�}¬��x�u<È+u(|�Í7v�~<|���~�x�v�}�x¶~%x���uf�8x,v8~]�%��}�w1~A� �|���v�w1xm°bx��]���7��x:�,��u<�2�7����x,�X�7��}�w
�1��} � x(��x��7�%x,}mx�u%�ov�x�~]x�} ��­
x,v8~]��v�x���xo~%v�}��mv�}���x�u?�!����v�������}�w � t�¡ �,�:~%x,��x�}�¯��
���ex,ve��x*��x��7�%x��cx����8x,}m����uR�cx�~%~]x�u%x,}
Ë!v�~]�e|���v�~%v�x�u]��}�wm|��7� t � t w1x,~%x��]�����o��u%��x,}��7�A}b��x�uo�1�cx�u]x�}k°�|��%u%v�Ímx�u]�1x�}�}d�oyb|�}m��u]x�v���x(��x��7�%x.�7�c|����%x�}b��}��:x�v�}�x�}
��x(�Ux��7�%x�}_·.|�}c|��A���A}���x�u.��}7�%x,u%x�}_°�|��]u%v�Íb~%v�}�����v8x���u]x�vR�7�%u]x�v&��x�}��©�|�y¶y:x�~%���ov�x.��v8xf���
x,v
�cx�����x�}k��v8}7�]x�u!��x,uÄ|���~
��x(�Ux��7��x,v8}�w1x�~]�%�7���]x�}O�7�e|����%x.}�v��(�7����}7�%x�u���v�x<�7�(��}�v8�]�%�cx���v�}�w���}�w1x,}kw�x(�í|�����x�}�� � v�x.�cx�v���x�}_�cx����8x,}k��x,v8w�x�}m¹(x����7�(�
������x�~<�2|���~]�X��x�}��©±.|�v�}7¤%°�|��%u%v���x,}ky¶v8�?~%�(|�u]�1x�}_�2�d�?x�v��(�7��}�w1x,}k~]v8}�� x�}7�%��x��(�d���?�1u%��x�}�¯c�/|�u%x�}_|��cx�u�v�}
v���u%x,}¼È$x���x,~%�X|��&¤!�����.�©�!°��d¤íñ2�1v�~%x(¤%°�|��%u%v���x,}k��}c|��8#R�|�����v�we���7���8�(��x �£ �cx�u´¤!�����.� £ }7�%x,u%x�y¶�7�e}�����v��(���1x,v8�]x�}��[|�~]~%x�}
~%v��(�b�����ov�}¶��x�}�z+u%xV#^x�u´¤
��}����7ñ��?¤AËRx�u]�%x�v�����}�w�x�}b�.�|���u]x�}�����x,u � |��%x�}�}e|���y¶x!�cx�~%���|��]v8w�x�}��

Ô ÕÌ×!ã�×oåmâ ×!Û�Û,×�ä ß â$ÝRÖ ÙbäçÜ Õ â�×Ääpä ×
��	 � �e|��!|�y �+}���x.x�v�}�x�u2�1���8��x�}b·.|���v���u(|��%v���}�¯1}c|��(�k�+v�}�w7|��cx���x�~!­?x(��x����8~�� � v8}b�7��u]��x�u.�cx�v���|��8��x
°�|��%u%v���x,} � |��7��w�x�~%�]x����������2y§�+}���x
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RMS-Noise
[ADC-bits]

RMS Noise Matrix

RU  163      EV     2983     HI     2841   SI      1797 APV 2 PI116

Kanal-Nr.
Spalten-Nr.
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°�|��%u%v�Í.v�}<Ò��1u]yï���1}.��}�~%ö7~%�]x�yp|��%v�~%�(��x�}:²?�7��x*¤í�2}d�?x�v�~%��}�w1x�}
S ��� ­���v�w�}��1u]v8x,u%x.�7�e|��8�]x�} t1t ê�ð t�s ëc¯ t ëdê�ð t�É Y v�yî�7v�w�}e|��&¤%Ò�v�}���x�u
��x�u%~]�(�d�o|�}��p��x�u��D#©x��7���
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Rauschverteilung

Entragungen

ADC-Bits+100 Rauschverteilung

Eintragungen

ADC-bits+100

l n j l j B B
C B B C B
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Fig. 8.2: Neutron and charged hadron fluxes at different radii in the tracking cavity.

For an accurate estimate of the damage the particle spectra at the tracker layers are also needed. The
4 T magnetic field imposes a pt cut on charged particles so that a significant proportion of the most damaging
low energy particles never reach the outer tracker layers. In addition, the average kinetic energy rises with
increasing pseudorapidity. The charged hadron spectra in four different regions are shown in Fig. 8.3. The flux
decreases by a factor of 50 going from r = 20 cm to r = 100 cm, and most of the low energy particles disappear.

8.3 DOSE RATES IN THE TRACKER REGION

While particle fluxes determine the bulk damage in silicon, ionisation causes charge accumulation in
the oxide layers of electronic devices. Most of the energy deposition of charged particles in the thin silicon
layers is due to ionisation, which is described by the Bethe-Bloch formula [10]. There is a non-ionising
contribution due to atomic recoils, which is the origin of the bulk damage, but this amounts on average to only
a few percent of the total energy loss. Figure 8.4 shows the actual energy deposition in the tracker layers as
obtained from the FLUKA simulations [11].

Fig. 8.3: Charged hadron spectra at various positions inside the tracking cavity of CMS.
Solid line π±, dashed line K± and dotted line p,   p .
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Strip Geometry and High Voltage stabilityStrip Geometry and High Voltage stability

Critical field around the stripsCritical field around the strips
may result in “micro-discharge”may result in “micro-discharge”

Detector  at HV for > 2 hours, then slow decrease of  bias,Detector  at HV for > 2 hours, then slow decrease of  bias,
Al  strips referenced to ground.Al  strips referenced to ground.
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Expect higher  fields at large pitch &  small w/pExpect higher  fields at large pitch &  small w/p
Over-Metal moves high field fr om Si to SiOOver-Metal moves high field fr om Si to SiO22

T. Ohsugi et al, NIM A 342(92)22
& NIM A 383(94)116

VVbrkbrk ((SiSi)     =  30 V/)     =  30 V/µµmm
VVbrkbrk (SiO(SiO22) = 600 V/) = 600 V/µµmm

Look for “accelerating” currentLook for “accelerating” current
or increase of Cor increase of Cbackback
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�©��1����v�w�|���~%~%�(����v�x�Ï�x�}m�[|�~%~]x�}�¦	��° � ê s,¨ ���2��~R��v�x�~]x�yµ±�u%��}���xo�o��u]��x!v�} �T	 	 �1x,u%~%���X��~%�?x�v�~%x�x�v�}m}�x���x,~
·��1}���x����
|���~%��u]�1��v�x�u]��¯���x,yï~%��we� � �!�e|��d��~A¤A�!��w1��u%v��%��ym��~��!¦	ÈR�+z ¡�¡,¨ è

ú

` B l B n



Ð1Ð �
	���
������ � 
,�0
 
 � ��
%q��+r
�
��������� �+rG
Ar

� v�x�~%x�u+�2�8w��1u]v8�]��ym��~cv�~%�©y:v��c��x����]v�w1x�}�º�|�u%���o|�u]x(¤íz+x��(��}��1���1w�v8x,}���x�v��(�7�©u%x�|���v8~]v�x�u%�e|�u
¦ ñ���Â§ê ¨ ���2���8x,u%��v�}�w�~��o|�u©x�~
����uo�cx�v��?}d��uRyk���w1��v��X�$¯���v�x�~]x!�A��x�x2v�}:Ò���u%yÿ�1��}À�7�����A�o|�u%xo�,�:�1�7��v�x�u]x�}��7�+v�}�v�w1xou]x���u��|�~%x�}7�(|��%v���x��+u]w1x���}�v8~]~%x���x�v�w��
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��}��¶v�}d�]u%v�}�~]v8~]�(��x.È+u��|���v�~%v��1}¶��x�~!���7z?¤ � x��%x,�d�]�1u]~o��x�v�w1�]x!x�v�}�x��1x,u%���%��8#©x�}���x���x,v8�]��v8�(��x2�!�7ò+��1~%�c|�u%��x�v��!�7��v�}7�%v����[|��%��uA¤
w1x,�%u%v�w�w1x�u]�%x�u
��v8w�}e|���xRy¶v��©��x�u T Á ¤ ¤´�$|��c�1u%ª7��x,�8��x?��}����e|�y¶v��^|����(�<w��8x,v8�(���,x�v��%v�w!��v�x�¹*x�}�v�w1x?��x�~
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Ð1¡ ¤íx,uo�d|���u%x�}b�o��u]��x.|���~]w1x��e|�����¯7��}��b����u%�(�b��v�x!��u��|��,v8~]x�u%x,}�ñ!�%°¶¤%°b�7������x���x�u ¡ ¤Ax�u?�d|���u%x.y¶v8�+z+��}�}�x�����v��d��x�}
x�u]~%x��]��� � � v8x
(2~%��v������1w1u(|�y¶y:x?v8}¶�!����v8������}�w � � t�s w�x��ex,}���x�}b�!�����e|��¶�ov���x�u�è � |�~oËRx�u%~]���|�u%�1x,u%~%v�w�}e|��$��x�~!�7��v�}7¤
�%v����[|��]�1u%~ S �e� �A� s Y �ov�u%�i��v�~%�7u%v�y:v�}�v�x�u]����}��«��x�v��%��v��(�O~]�X��yp|��³x�v�}�¹(��~]�%v�x�u%� S �e� �A��ë Y � � v�xmë ¡ °bº!�*¤´�7ö7~]�%x�ym����u
�ov�u%�bx��cx�}7�í|����8~o��v8~]�7u%v�y:v�}�v�x�u]�
��}��p�,x�v��%��v��X�b~]�X��yp|��©x,v8}�¹(��~%�]v�x�u%� S �e� u�¯7ë Y �7­?x��1��u!�cx�v���x.�7v�w1}e|���x�v�}¶·���v�}���v���x�}��
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�7�]u%�1}7�]v8��y ê ¡ ��x,uA�X�|��8�������?x�v�~%�]�7�ewh����ex,u �]�%u%v���yÎ}e|��(�O�cv�u%���1}�v���y¬���A}¬�ex,v8��x�}@�cx�u´�í|�����~%~]�%�7�Ux�}_��v8x,w1��x�v�}ku]x�v�}�x�u
·�x�u%}�¤ ¤%�cx�uA�A|����+�1�1u S �cx�uA�A|�����~%x�}�x,u%w1v�x�}�v8}b°bx�Ë Y è

� v�xoy:v��%�]�8x,u%x�}:�+}�x�u%w�v8x,}:��x�u ¤Az�x,v8���(��x�}¶��v8x,w1x�}¶�ex�v t ê �1x,Ëh��}��bê �1¡ �1x�Ë�¯���v�x!º�|����7�
x�u]�%��x,v8�]x�}:�cx�v s�Ð � t ð s1Ð � Ð
��}�� ëe� t �$���7�]u%��}d�]v���y ê ¡ v�~%�mx�v�}�x��c|�}���x,�8~ �������v��(��xk�7����~%�X|�}�����}��@�ov�u]�§|���~�ñ!x��cx�}���u]�7�����7��v�}O·�x�u]}��7uX|��U�A¤
�?x�u%��x�}kw�x��?�1}�}�x,}���Ò ���u��$|��c�1u]���
x,�X��xm�ov�u%��x�~�v�}�·�x�u(|�y:v��¶w1x�~]v8}7�]x�u%����}���u%��}�����y¢y¶v8�?x�v�}�x�u.�+��x���~%�X|������ �������x
S % ¡ � ¡�Ð y:y Y �1x�u]~%v�x�w�x������7�A}m��x�uo��|��e��u%ª7��x�����xo~%v��]���
x,v8}�x!~%�����X��x!zR|�����x��]�%xov�}mx�v�}�x�y¸�d��x�v�}�x,}:�©�7�(�:|�yµ�+}���x2x�v�}�x�~
�7�(|��cx�~��7�c�ov�~%�(��x�}���x�u
�cx,uA�í|��8��~]uX|��]x
��x�u T Á ¤%°b���]�%x�u]~%����~]�X|�}��!��}��<��x,u�x,}�x�u%w�v�x�u%x�v��(��x�u]x�} Á ¤Az��7�(�7�%x�u]~%����~%�X|�}��
~%�]x������o~%v��(�px,v8}¶�e|���x�u%�e|g���%x,~�±���x�v��(��w1x,�ov8�(�7�?x�v�}�� � v8x2v�}:��x�uoË³x�u%~]v8x,w1x�����}�wmx,u%��x���w1�%x ¤A­
u]x�y:~]~%�]uX|����8��}�wm��v8x,w1�?v8y
w1��x�v��(��x�}b�+}�x�u]w1v�x��cx�u%x,v8�(���ov�x2��v�xox�}7�A�
x�v��(��x�}���x ¤´�7�]uX|�������}�we¯7x,�A�/|f���ov�~%�(��x�} ¡ � � ð s � ¡ °bx�Ë<¯�v�~%�o|��cx�u?x�u%��x�����v��X�
~%�(�7�.�|��(��x,u��e��~o�e|�}���x����
~]v8�(�b|���~%����yÿx�v�}�x�w1x�x,v8w�}�x��]xÄ°ì�%È$¤ ��x,�8��x �*���u £ }7�%x�u]~%���(�7��}�w�x�}k|�}:�+���}�}�x�}��7�(��v��(�d�]x�}��
�c��uo�?x�v��%x�u]x�}�·��1����v�yp|��%v6��}.��x�u ��x,�8��x��ov�u%�b|��7�+�e|�~o�+}���x���x,~!�7�X|��ex�~2x�v�}:v�}:��x�u!�R�|�}�w1x2�.�|������e|�u%x�~!�f��1��u]�X��x�}
S ø t�¡ y:y Y |��7�Uw1x�~]x��%�����R�c��~��|��%����v��(�_�1|�}�}O|�y¥|�}���x,u%x�}«�+}���x¶x�v�}_·������8v�yb|��%v���}�~]��ö7��v8}���x�u!y¶v�� s y:y®�!�cx�u]�%��u
|�����w1x�~]�%x��(�7�+�
x,u%��x�}$� � v�x
�7�]uX|�������v��1x�u]w1x�}��³�í�|�Ï1�©~]v8�(��~%�2��� Ð�� �7��x�u$ë � �.�|�����x�}$� � |�y¶v8��x�u%w�x��ex,}<~]v8�(�<���%uX|�������u%���e��x
�ov�x�v8}b�2����v�������}�w � t w1x���x,v8w����

� v�x.��v8}��1x<�7�c|����%x.��x�u�z�|��ex,�8��x � � t w1v����!x,v8}�x�} �£ �ex,u%����v��(� ����ex�u���v�x��ov��X�7�]v8w�~%�]x�}kÈ+|�u(|�y:x,�%x�u2��x�~.�7v���v8�,�1}b­/|�u%u]x��
°b�7������x1�c�+v�}:~]�1���(��x�~�°ì�d������x�~]�1����|����X�bv�}p²o°��:x,v8}�w1x�~]x��%�����?x�u%��x�}��

È�|�uX|�y:x��]x�u ��v8��v�����}m­/|�u%u%x,��°ì�d������x °���¤´êg¤´°���±.²
� x,�%x��7�%��u%�Aö7� Ò+� É ·�² ¡ ¤ ¡ ê °���¤%ê
�7�%u]x�v&��x�}��A�|�}�w1x Ð Æ t�¡�¡
� x,�%x��7�%��u%��u]x�v��%x t�¡ ê t�¡�s
� x,�%x��7�%��u%��v��(�1x Æ s1¡�Ñ Æ
� x,�%x��7�%��uA¤ �7�]u%x�v&��x,}ì|��7�R}7¤%�7v��8v���v���yç¤í­o|�~]v�~ ±��1���p���%u%x,v6�Ux�}k|���� � �R�7�!± s Æ
�!�7���c|�� ø ��}��e|�~%~%v��7v�x�u%�

·�u%v�~%�(|������1u]v8x,}d�]v�x�u%��}�w ü t�¡�¡ ��}7�cx�~%�(��v��(�7�%x��
	 ¤í·�����������}�w %ø Ð1¡ ¯ % s ¿ ø t ¿ s

�7�%u]x�v&��x�}7¤%È+v��%�(� t ë ¡+Ñ s�¡1¡+Ñ
�7�%u]x�v&��x�}7��u%x,v8�]x % s1É+Ñ ê Ñ �1¡+Ñ
�7�%u]x�v&��x�}e|�}���|���� � Ð É�t�s
·Ä|�}e|��[|�}���|���� Æ Ð ë��7öpÆf��È+Ë É�t�s �7ömëm��È+Ë�°
z�u]v�w1w1x,uA��x�}�~%�%x,u t É s É É É
�7�e|�}�}d��}�w1x�} ø t�¡1¡ ø t�s1¡ s1¡�¡ þ ø ¡�¡ þ ø s Ð
�7�%u���1y:x ø s1¡�¡ Æ ¡1¡ ü t©Ñ

z�|��ex,�8��x � � t è�È+|�u(|�y¶x��%x�u?��x�u2v�yî��|��e��u
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Peak Mode

VBias=120V
kσ  = 3.89
klin= 13 bits
S/N=13.0

Einträge

ADC-bits

ε≈1

Pulshöhenverteilung
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Deconvolution Mode VBias=202V
kσ  = 2.80
klin= 2.80 bits
S/N=7.44

Einträge

ADC-bits

ε≈1

Pulshöhenverteilung
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Backplane

7 µm
Kathode

93 µm

Anoden-Pitch 200 µm

Anode

Mikrostreifenstruktur (0.6 µm Dicke)

 3 mm

 (z.B. Ne/DME=1/2)

*

(DESAG 263)

E > 60 kV/cm

+
Ion
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Driftebene (metallisiertes Glas oder Kapton oder Mylar)

Kathode

300 µm Glas-Substrat

APV-Ladungsverstärker

optional: metallisierte Backplane

Driftvolumen

Teilchenspur
ionisierende

Gold/Chrom/Aluminium

Drift
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optional beschichtet
1 µm

Pestov/DLC
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Ionisationsverteilung
2.9 mm Argon

Häufigkeit

Anzahl Ar  -Ionen+
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APVM-I2C Parametersatz

( VPRE=180, IPRE=9 )

( VPRE=150, IPRE=111 )
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Òc|����%��}�~%~%v�w�}e|��7�o��u]��x�}mv�}
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Ne/DME=1/2

UKath=600V

UDrift=2.8kV

k σ =2.5
k lin =13.0

!

Einträge

S/N=17.8

Pulshöhenverteilung
ADC-Bits

Pulshöhenverteilung

VBias  = 120V
VDepl = 100V
k σ  = 3.89
k lin = 10.0

S/N = 12.8

Einträge

ADC-Bits

ε≈1
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APVM - Impulsantwort
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Offset   50.43
Amplitude   430.1
Tau   55.10
Alpha   2.402
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APVM-Faltungssignatur
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  24.37    /    22
Offset   3.604
Damp  -1.228
Weight2  0.1420
Weight3   1.064
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Weight1                        -1.000
Fehler der Gewichten:     < 5 %
Gewichtssatz nach C1:C2:C3:
 w1:w2:w3 = -1.0 : 0.143 : 0.714
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APV6 - Impulsantwort
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APV6 - Faltungssignatur
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τ, α, w1, w3 fixed in fit

Damp = 1.165
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- 2/3 •  Original-Faltungssignatur
(geschätztes Ballistisches Defizit)

Kathodengruppen - Übersprechen
(verzögert erscheinende Cluster)

B C B `
=?> P P

C n�C C C B `
=?> P P

Original-CR-RC

Akzeptanz

Akzeptanz-Abtastung SST-Detektor
Matrixzeit [ns]

Akzeptanz bei entgegengesetzter
Signalpolarität zur Signatur

Akzeptanz

Matrixzeit [ns]

TSD-Akzeptanz-Abtastung SST-Detektor

Originales TSD-Faltungssignal

B C B `
C C

C n�C C B `
C C

� x��]x��7�%�1u2��}�� �7�(��x�v��%x�������}��7� ��x�����x
��È+Ëóz?öd� �!��~%�X|�}��O¦ ¨

·.|��8v���u(|��]v8��}
��È+Ë�° � °���¤´ê % É1s �!���$��ê��	Æ�¤%ê�� ë

��È�Ë � Ò+� É ·�² ¡ ¤ ¡ ê % Ð �!���$��ê�� É ¤%ê��
���%u%��}7�%v���yîê ¡

��È+Ë�° � °���¤´ê % É Æ �!���$��ê�� Ð ¤%ê��	ê
��È�Ë � Ò+� É ·�² ¡ ¤ ¡ ê % ê �2�����cê�� t�¡ ¤´ê�� t�t

�cx�v��A¤A�A}7�%x�u]�1|���� ¤ �!�7��x����X|�}��(¤
¦ ¨ ¯7­o²?� �7�(��}�v��%� ËRx�u%����~]�.¦ Çf¨
Ð1É ¯�Æ�� ë É Æ�� ¡ % ���
ê ¡ ¯�Æ�� Æ Ð � ¡ % t
t�¡1s ¯�ëc� t Æ É � ¡ % ë �
t�tS� ¯�ëc� � s ê�� ¡ %õÆ s
t�É1¡ ¯ � ¡ ê�� ¡ %
Æ ¡1¡ ¯ t�s � ¡ Æ�� É % ¡

a j B B `
B ` n n ü =?> C�` C



�)�*� ��
�� ��� 
%qD
 � � r ��r 
�� 
,� t�t Æ

zR|��cx�����x�ê�� s ��v�}��7~?��x�v�w1�?��v�x!�2��~%���|�}���x����ov�~]�X��x�}���x�}.¹(x,�
x�v���v�w1x�}:���X��x�v��%x����?x�u%�]x�}��1��}:È$x�|��¶��}�� � x��,�1}7�1���8���%v��1}
°b�7��x�~%���?�1���������uo��v�x!z+x�~%�]������~%�1|���v8��uX|��]v��1}:|���~o|����(�ç�*���u?��v�x T Á ¤%°bx�~]~%��}�w�x�}��©�7v�x!��v�x�w�x�}:u]x��(�d�ow�x�}e|��ì|��7����x�}
x�u]�/|�u%�%x,�%x�}¬Â_x�u%�]x�}b�1��}p�,�
x�v$�����.����u%x�v$­/²?�U¤A�!��~%���|�}���x�}�v8y¸��È+Ë �����.����È+Ë�° �
Âhv�xf�*���u
¹(v��]�%x�u´��u%x�v�x:�7v���v���v���ym¤%�7�]u%x�v&��x�}���x��%x,�d�]�1u]x�}kx,u%�o|�u%�]x���¯ �X�|��8������v�x��!�7��x����(|�}��b|�}¬��x�}«Ò��[|�}��1x�}¬~%���|�u]�1x�u<|���~
��v�x:�2����u]��Ídv�yb|��%v���}�~A����}��7�%v��1}�~]x�����~%��¯+�e|��ex�v���x�±�u���1Ï�x�} ��}�� |�}i��x�}«Ò��[|�}��1x�}i�7�8x,v8}�x�u<�?x�u]��x�}�� � v�x
�!�7��x,���X|�}���~%v�w�}e|��]��u!��x,~oz!� � ¤´Òc|����%��}�w1~]y:�7����~$�����u?��x�}��7v���v���v���ym¤%�7�]u%x�v&��x�}���x��%x,�d�]�1uRy¶v��Rx�v�}�x�u É�¡ }�~?�Ay:������~(|�}7�A¤
�?�1u%� S Ë��7º2� ø ¡ Y v�~%�m�7v�x����1x,u%~%��u%x��(��x�}���è � v�x¶�!�7��x����(|�}����ov8u]�@|���Ï1x�u]�e|����ix�v�}�x�~:�,x�}7�%u%v�x�u]�%x�} �cx�v��%v�}7�%x�u]�1|�����~
�1��} É }�~���yÎ��x�}O�cx�v��%����}��7�.��x�~��7�(��x�v��%x���~���x�u]��y |��7�/x,v8}_zR|���~%x�}���~%�]x��
~]x�v�}�x�~<���X��x�v��%x����?x�u%�]x�~<��}d�]x�u%��ug����(�7�
S Æ ¡ ��­ Y �c�!��Ï1x�u]�e|�����x�v�}�x,~��,x�}7�%u%v�~]�X��x�}_�A}7�%x�u]�1|�����~!�1��}bw1x�}e|�� É�¡ }�~2�ex��]u��|�w1�!��v8x £ }7�]x�u%��u�����(�7��}�wb}��7�(� s�¡ ��­��
� v�x�~.�1��y:ym�?��x�}iÂ_x�u%�]x�}_��x�u�z+x�~%�]������~%�1|��8v���u(|��]v8��}�y:x,��u.|���~�}e|�� S z�|����	ê�� t Y � � v�x:� ����(��� �����u%��}�wb��x,~À�7v�w�}e|���~
|�����x,v8}¶x�v�}���v�w1x,~!­?��}��(�7¤%²?u%�1~]~%v�}�w�¤í�A}7�%x,u%�1|����$v8~]�
�c|�y:v��R�]x��(��}����8��w1v�~%�(�bv�yî±�u]v9# �
�!��~%�(����v�x�Ï1x�}��@�ov�u]�@}��d�(��yb|���~.|��7����v�xbw1x�y¶x�~%~]x�}�x�°���±.²³¤A�!�7��x,���X|�}��bv8y{Òe|��8�]��}�w�~%y:�7����~�x,v8}�w1x�w7|�}�w�x�}�èR�+~
� �|�Ï��o~%v��(�pv�yî�2|���y¶x�}:��x�~�|�}�w1x�~]x��%�,�%x�}_°bx�Ï��ex�u]x�v��(��~ ����ex,u t ëm­o²³¤A�A}d�]x�u%�1|����8x���x�v�}pÆ ¡ ��­R¤A�A}7�%x�u]�1|����©����u £ }7�%x,uA¤
��u�����(�d��}�w:��x,uo�!�7��x����(|�}��Ä�e}���x�} S Y � s�¡ ��­³¤í�A}7�%x,u%�1|�����x!�?x�u]��x�}�v�yµ­?x��%u]v�x���}7��uox�u]u%x�v��(�7��¯��í|�����~?x�v�}�x�x�u%��x,����v8�(��x
°bv�}���x,u%��}�wO|�}O� ��v�x�}��bv�}�}�x,u%�e|��8�i��x�~m�A}7�%x,u%�1|�����~.����w1x��[|�~]~%x�}½�ov8u]��� � v�x�~]x�u:��|��X�7��x�u%�e|����<v�~%��v�}OzR|��cx�����x:ê�� s
u%x,�X�7�]~�����~(|�y:y¶x�}�w�x�~%�]x����8���R�+v�}�x�º�|�}����c|�����}�wO��x�u�°���±.²î��v8w�}e|���x��.�|���u%x,}��h��x�ubº2v8w��h�©��y¶v8}��1~%v��AöOÈ+�c|�~%x
��x�~:� º�²¸v�}_��x�}«v�}�}�x�u]~%�%x,}§°���±.²³¤ � x��%x,�d�]�1u]�Ê|�w1x�}i��x�u:�7����u%�1|�y:y:x,u!�.�|�u]xby:v��m�|���Ï�x�u%~]�%x�}§���X�7�ov�x�u]v8w��1x�v��]x�}
�1x,u%����}���x�}��
�7�(������Ï�x�}�����v��(�:~%�����©��v�x�±�u���1Ï1x���x,u � u]v&���%��x,v8�´òe���7�%�c|��%v���}my:v��R��x�y �1x,u%�?x�}���x��]x�}k±.|�~%w�x�y:v�~%�(�:|���w1x�~]�(���|��]���!�?x�uA¤
��x�}$� � v�x�~%x�x�u]w1v����o~%v��(��|�}��c|�}��¶��x�uoº�|����d�?x�u]�%~%��u%x�v��%xf��x�uo�!�7��x,���X|�}����1x,u%�%x,v8����}�we¯c�!����v8������}�wÀê��	ê�¯���x�uo·.|���v���uX|g¤
�%v���}�~%�7��u]�1x S �2�����	ê�� ëc¯©zR|����	ê�� t Y ¯���}��_��x�yÌx�v�}�w�x�~%�]x����8�]x�}Oz+u]v8w�w1x�u´¤í��v��%�%x,u.���^% �1¡ �kë � � É % É1É }�~�¯�|���~%�
x�v�}�x�y }�v��X�7�.��}�x�u%�o|�u]�%x��]x�}«Â_x�u%�����2}���x�u]x�±.|�~]w1x�y¶v8~]�(��x<�ov�x r � � �d��x�u T ¿ �����u]��x�}i��v�x�~%x�}
Â_x�u]�<|��7� É�¡ }�~.�����.��ë É }�~.~]x�}���x�}�� � |�~<È�u%�1���8x,y ��x�u<�,�Ow1u]�1Ï�x�}_�!�7��x����X|�}�����u%x,v8�]xb�ov8u]�_����u]�X�i��v�x�~%xb±.|�~]x
}�v��(�7�o�
x�~]x�}7�%��v��(�px,}d�]~%�(���|�uA����� � v�x £ u%~(|��(��x�}¬�[|����]x�}:����~X|�y¶y:x�}�w1x(�í|�Ï1��è

�

"

� v�x�~%x<È���}��7�%x�~%v�}��bx�}�wmy:v��%x�v�}e|�}���x�u?�1x,u%�?�1�cx�}���}��b���1}:��u%v�}���v���v�x�����x�uoñ�|��%��u��7�A��u%x��R��1~]��}�wmv�~%�o}�v8�(�7�?�%u%v��7v[|��A�



t1t ë �
	���
������ ��� 
%qC� ��
��Rq�� ��� 	<��
 r���r � 
 ��� r�� 
 r�	�� � �D��


Ô × Ý ×!Ú+Ú+×oÝ+â+×{ß æ Û�Ö å<×2Ö(â�×Ää Ö(â®Üp× ÝÌß à Þ

(2�7�
�����e°bv��7u%��~%�%u]x�v&��x�}�w7|�~]��x��%x,�d�]�1u]x�}bv8}���x�u?���ox�v�}7����u%y��³��x�~o²o°���z+x��(��}�v���|�� � x,~%v�w1}:� x��e��u%�]~R}�v��(�d�³y:x���u$�����u
º!�7�(��x�}�x�u%w�v8x,x�Í7�ex�u]v�y:x�}7�%x�|�}�w�x�~%x��]���!�?x�u]��x�}�¯7~]�<v�~%�?��v�x�~o}7��u?�%x�v����?x�v�~%x!w�x�u%x,�X�7�´��x�u%�]v�w1��� � x�u/±Äu%��}��¶��v8x,w1�?�e|�u]v8}$¯
�e|�Ïmx�~��
��������x,u%��x�v����1|���yµx�v�}�x�}���u%x�v�~%�?x�u]�%x�u]x�}�¯$x�v�}7�í|��(��x,u!�������1}�~]�%��v�x�u]x�}���x,}k��}���~%�(��}�x,�8��x�u]x�}_±.|�~]��x��%x,�d�]�1u
w1v����!|���~
��v�x.°���±f²����©x��]���%x�u]x�~.w�v8���
|��ex,u!}7��uo�cx�v�x�v�}�x,u!�?x�v��%x�u]x�}kÒ��1u%~]�(�d��}�wÀ|�}�°���±.²?~��
°���±f²³¤ � x��]x��7�%�1u]x�}_��x�~ 
Ar�q�r ¤´È�v8~(|¶v8}�x�v�}�x�y °ìv8��x�~]�%��}�x(¤%�+Í7�ex�u]v�y:x�}7�!�,x�v�w1�%x,}_�ex�u]x�v��%~.�c|�~.±�x�w�x�}7�%x�v��+��x�u����U�
�1��u%��x,u%u%~]�(��x�}���x,}_�!}�~]v8�(�7��¯c�e|�Ïm~%���8�(��x � x,�%x��7�%��u%x�}_�©º�²³¤í­?x���v�}�w���}�w�x�}�}�v��(�7�o����u%�(���c|����%x�}¬�<���u]��x�}O¦ �!±.� ¡�¡,¨ �
�+~��e|�}���x����%x¶~%v��(�O��y¥°���±f²?~À|���~.x�v�}�x�u��A|�~%�fv8}�����~%�]u%v�x�����x�}�¯$�1��~%�%x,}�v�}d�]x�}�~]v8��x�}@Ò�x�u]�%v�w1��}�w1~%�?x�v�~%x S ­o|��i��}7�%x�u
w1���%x�}_�ox�v�}�u(|���ym�cx���v�}�w���}�w�x�} Y � � v8x�|�����w1x�y¶x�v�}�x��+u´�í|���u%��}�w¶�1��}�º!�7�(�7�%x��(��}������1w1v�x�}¬v�~%��|��cx�u�¯©�c|�Ïp|�}7�X�|�}�w1��v��(�
������x�·���~%�]x�}�y:v��R��x�u��cx�v��o��}��ì��uA�í|���u%��}�wm�ov8x,��x�u!~]v�}��1x�}$�
Âï�|���u%x�}�����v�x.·��1}�~]�%u]���7�%v��1}�~]�ex,��v�}�w1��}�w1x�}�v�y¶y:x�uR��}d�]x�u%~]�(��v�x�����v��X�¬~%v�}��$¯�w1v����ox�~2��v�x.��u%v�}��,v8��v8x,�8��x�}��7�(��u(|�}���x�}�¯
�?x����X��x:����u]�(�O��v�xm�1��v8w�x�}OÈ+��}��d�]x:w�x�w1x��cx�}i�
x�u]��x�}�¯+�?x�v��%x,uÀ|��������e|���x�}��$º!v�x�u�~%�����8x,}_x�v�}�v�w1x:�R���~%��}�w1~X|�}�~��|��%��x
�1��u%w�x�~%�]x����8�o�?x�u]��x�}�è
�

� �
�

�
	 � �

�
� 	 � � �

� � � 	 �
q ��� �

� �

k=0
x

k=0

+

x x x

1 32 4 5
wi

S

k=0

kv  = v(kT)

sk

e(t)

vk

(t)η

δ (k+1)δ(k)+ -200

-100

0

100

200

300

0 25 50 75 100 125 150 175 200 225

 0.2618E+08/   220
Offset   6.281  0.1357E-02
Damp -0.9892  0.8495E-04
Weight2  0.3373  0.1405E-03
Weight3  0.6845  0.2540E-03
Weight4 -0.3935  0.1369E-03

Test pulse delay time [ ns ]

C
R

-R
C

 a
m

pl
itu

de
 [ x

10
3 e-  ]



� � � � � ��� �0
 �?�1
����+r 
��H��� t�t�É

� 	 	 q ���

 �

	�� � �
� q � � q � � � �

�
�S	 � � � � q ���

	 	 � 
 � � �

 ��	 � � �

q
q �
� 	

�-
 	 � �
� � � � ��	

� � �
� q ��
 � �

� ���
	 q �

� 	 � �
� � �

q � � � 	 � �
��� � � � �

T T T

+

1w w2 wM-1

k

wM

T

sk

v



t1t �
	���
������ ��� 
%qC� ��
��Rq�� ��� 	<��
 r���r � 
 ��� r�� 
 r�	�� � �D��


` >RQ ` C
a = ` C Z =



� � � � � ��� �0
 �?�1
����+r 
��H��� t�tS�

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

D
rif

t A
ng

le
 (

de
gr

ee
s)

E field (kV/cm)

Ar:CF4:C2H6(20:60:20)%
http://cyclotron.mit.edu/driftCopy
24 C, 760 Torr
MIT LNS

B = 0.00 T
x^2 = 0.00
B = 0.40 T
x^2 = 8.75
B = 0.80 T
x^2 = 9.90
B = 1.00 T
x^2 = 5.57

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

V
el

oc
ity

 (
cm

/m
ic

ro
se

c)

E field (kV/cm)

Ar:CF4:C2H6(20:60:20)
http://cyclotron.mit.edu/drift/
21 C, 762 Torr
MIT LNS

B = 0.00 T
B = 0.40 T
B = 0.80 T
B = 1.00 T



�A}�z+x�v��©�o��x�u2�1��u%��v�x�w1x�}���x�}��2u%�cx�v��!�?x�u%��x,}¼²o°��d¤´�7�]u%x�v&��x,}���x��]x��7�%�1u]x�}¬��}7�%x�u]~%���(�7���©Â_x,v8�]x�u%��v8}b�ov�u%���e|�~ � � ¤
�7ö7~%�]x�y ��}��b�e|�y¶v��R��v�x�º�|�u]���o|�u%x����,�.���7�����A�o|�u]x2�*���uox�v�}�x�}��7x,u%v�x�}7�%x�~]�!~]�1���(��x�u � x��]x��7�%��u%x�}b�1��u%w�x�~%�]x����8����ñ�|��(�
x�v�}�x�u?|�����w1x�y¶x�v�}�x�}<�+v�}���x�v��]��}�w!v�}���v�x
�2}7����u%��x�u]��}�w�x�}m��x�~
²o°���¤´������u%��x��%x��7�]�1u%~?v�}<��x�}m�ex,v8��x�}mx�u%~]�%x�}¶·.|���v��%x,�8}$¯
�ov�u%�«v�}O·.|���v8�]x��!Æ¬�e|�~m�!��~]�8x,~%x(¤AÂ_x�u%�7��x,��w ��x,u:��È�Ë¢È+v��ex���v�}�x(¤%²?��v�� v�}i~%x�v�}�x�}½�1�1y¶����x�Í7x�}OÒc|���x��]�%x�}
�cx�~%�(��u]v8x,�ex�}$� � |��cx�vc�ov8u]�mv�}<���1y:�c|��7�%x�uRÒ��1u]y |����^��v�x!�2|���~]�X��ªd��x����8x,}m�1�1}mË³�1u%��x�u%~]���|�u%�1x,u%}p|����8w�x�y:x,v8}f��}��m�e|�~
�!|���~%�(��x,}m��x�~R��È+Ëo¤%²?��v���~+y:v��©~%x,v8}�x�}:Ò$v8���]x�u%~]�%�7��x,}<~]�ex��,v8x,�8�cx�v�}�w�x�wd|�}�w1x�}$� � |�~�È�u%v�}���v�����x�u
Òc|����%��}�w1~]�1�cx�uX|��%v��1}
�ov�u%�b�1��u%w�x�~%�]x����8���
�A}:·.|���v��%x��cë<��x�~
z+x�v��c�%�R�?x�u]��x�}b�!}7�U�1u%��x�u%��}�w1~%��u%���c�8x �*���u?��v�x!º�|�u%���/|�u%x!��}��:�7���U�A�/|�u%x!x,uX|�u]�ex,v8�]x���¯��
x,�8�(��x2��v�x
�!��~%��x�~%x2x�v�}�x�uRË2v�x�����|������1�1}���È�Ëo¤%²?��v���~Ry:v��+|���~]u%x�v��(��x�}���x�uoz+u%v�w1w�x�u%u(|��%x?v�y �$|��c�1u+x�u%y¬��1w��8v��(��x�}$� � v�x?ËRx�u%�ov�u]�1¤
��v��X�7��}�w<��x,~o��|��(��x,}�x�u � � ¤%�7ö7~%�]x�y:~�¯1�?x����(��x�~o�1��y:�e|��%v��cx���y:v��R��x�yî²o°���¤ � � ¤%�7ö7~%�]x�yµv�~%��¯7��x�v�w1�?·.|���v��%x,� É
|����Xè � |�~2�!��~]��x�~%x�~]ö7~%�%x,y v�}bË�°��o¯c��v�x<|�~]öd}��X��u%�1}�x<z+u%v�w�w1x�u]�e��Í©¯7x�v�}�x��!���(|�~]�%��}�w¶��x�u2�!}e|��8��w1�e|��%x�}��ex�v+y¶x���u
|���~¶��x�u:ñ2ö7ªd��v8~]�A¤A­/|�}�����u]x�v��%x1¯ ��v�xp}��1�A�?x�}���v�w1x¬±�uX|�}d���Ê|�u%v����|��m�ex,v���x�u:�2���X|�~%�%��}�wO��}��h�e|�~¶w1x�u]v�}�w1x���v8w�v��X|���x
�!|���~%�(��x,}O~%v�}��¬��v�xmv�y �$|��c�1u.w�x�~%�(�e|W#^x�}�x�}«º�|�u]���o|�u%x*¤íËR��uX|���~%~]x��%����}�w1x�}$�+ËR�1}¬��x�y¥��Æg¤´��Íd�cx�u]v8y¶x�}7��v8~]�.�e|�~
(2}���v�}�x(¤ � � ¤´È�u%�1w�uX|�y:y ��	 � ����ex�u]}��1y¶y:x�}¬�?�1u%��x�}��+�+~.x�u]yk��1w���v8�(�7�!x,v8}�x:~%�]u%���7�]��u%v�x�u]�%xb��}��_~]�1|���v�x�u%�e|g¤
u%x��+u%�?x�v��%x�u]��}�w������u!²o°��©���c��u<( v�}�x(¤A�!}e|���öd~]x���x�uoy:v�� ��	 � w1x��?�1}�}�x�}�x�} � |��%x�}b�o��u]��x��e|�~!È+u]�1w�uX|�y¶y
��	 	 w1x,~%�(��u%v�x��cx�}����+~+x�u���>#^}�x,����x�}<��v8u]x��7�%x�}m�c��w7|�}�wo��� ��	 
Ar 
�� � ·.|���v��%x,� x�}7�%���|�����x�v�}�x
�c��~X|�yç¤
y:x,}7�í|�~]~%��}�wp��x�uÀ��uA�í|���u%��}�w1x�}_y¶v8�2��x�}_·.|���v���u(|��%v���}�~%yb|��%u]v���x�}¬��x�u.w�x��%x�~]�%x��]x�}«��È+Ë ¤´²?��v8��~��$­
x����e|��(�7�%��}�w1x�}
��x�~¶ñ!�����[|�w�x�}7¤%�!|���~%�(��x�}iyp|��X��x�}_��x����]��v8�(��¯+�ov�xb�ov��(�d�]v�w�x�v�}�xb�1��u%u%x,�d�]x��!��~%�(��v�u%ym��}�w������.�?�+u%����}�w¬�*���u���v�x
�!��~%��x�~%x2�1��} � x,�%x��7�%��u%x�}¶v�~%�����!��~]w1x���x,}��:���1}m��x�u³�!��~]v8�(�7��¯���x�}mË³�1u%w7|�}�w���x,u � |��]x�}����1y:��u%x�~]~%v��1}�v�}À²o°���(2}7¤
��v�}�x!v�yµ��|��e��uR���bx�ym����v�x�u%x,}�¯��1|�yÿx�~o�,�:x�u]~%�%x,}kÈ+u%������x�y:x,}�� � v�x!·.|���v���uX|��%v��1}�~%yp|��%u]v8�,x�}<x,u%yk���w1��v��(��x�}mx�u]~%�%yb|���~
x�v�}�x2~%ö7~%�]x�yp|��%v�~%�(��x��!����~%�]x����8��}�w.��x�u?~%��we� � x(��x,�d�´¤´�cx,�8��x�}�¤´°�|��%u]v8�,x�}:��}��:�e|�y:v��+x�v�}�x�(2}���v�}�x(¤A·��1u%u]x��7�%��u�¯7�
x,�8�(��x
��v�x��ov�u%�7��v8�(��x,}ì��v8w�}e|���x2�1�1}b��x,}��1��u%w1x,� �|���~%�(�7�%x�}��]u%x�}�}d�����2�7�R��v�x�~%x�u�­o|�~]v8~o�?x�u]��x�}�x�v�}�x��ox�v���x��1��}�� ��1~]��}�w�x�}
x�u(|�u%�cx�v��%x,��¯c�
x,�8�(��xfv8}b²o°��¶��x�v��X�7�o���bv�y:���8x,y:x�}7�%v�x�u]x�}m~%v�}��$�
�A}�z�x,v8���%�]���?x�u%��x,}À°bx,Ï1x�u]w1x���}�v8~]~%x2y:v��e��x�}À²o°���¤ � x��]x��7�%��u%x�}m��u �|�~]x�}7�%v�x�u%��¯��?�1�cx�v7���
x,v�z
ö7�cx�}��1�1}��7x�}�~]�1u%x,}
x�v�}:°���¤%ê�¤%°bv��7u%��~%�%u]x�v&��x�}7¤%±.|�~%��x��]x��7�%��u S °���±.² Y ��}��mx,v8}:��v8��v�����}<­o|�u]u%x��©°b�7������x!|���~R�7v���v���v���ym¤%�7�%u]x�v&��x�}���x��%x��7�]�1u
�cx�}7���%�,�.�
x,u%��x�}$��·.|���v8�]x�� � ��}�� Ð ��x�v�w1x,}_��v�xÀÒ���}��7�%v���}�~%��u]v�}���v���v�x�}�~]���
�����+��x�u<°���±.²ï|��8~.|����(�k��v�x���x�~

�7v���v���v���ym¤%�7�%u]x�v&��x�}���x��%x��7�]�1u%~!|��7�X�c²?�8��~%�%x,uA¤A�!��w1��u%v��%��y¶x�}m�����u!��v�x�~]x � x��%x,�d�]�1u]x�}k�?x�u]��x�}_|��7�Rv���u%xfyk��1w���v8�(��x!� x�|�¤
��v�~%v�x�u%��}�w:v�}b��x�}k²o°���Ò�u]�1}7�%x,}�� � u%v��1x,u%}���v�}b��}7�%x,u%~%���X�7�����c��y ­
x�v�~]��v�x��+�1|�}�}�x,v8}b��x,y � �2�e|��7��~��b�|���}���v8�(��x,u
�!��w��1u%v��]��ym��~m�?x�u%�]�1�1����x � v�x�}�~]�%x¬�ex�v���x,up·���y:�cx�}�~X|��%v��1}«��x,~�ñ!�����[|�w�x�}�u(|���~]�X��x�}�~b��x�v�~%�%x,}��o°bv��:x�v�}�x�u T Á ¤
��x�����xm�
x,u%��x�}_�?x�v��%x,u%x:°bx�~]~%��}�w1x�}_����u%�(��w1x*�*�����u]��è � v�x.Ë³x�u%�]x�v��8��}�w1x�}_���1}k��v8w�}e|��+���_�!|���~%�(��x,} S �7ñ�� Y ¯©� ¤

��v�x�}�� ~]���ov�x<��v�xm�2�d�,x����X|�}��p|���~.}�x��_x�v�}�w�x(�������u%�%x,~ÀÈ+u]�7�����7�<|���~<�7ñ�� ��}�� �?x�u%��x�}O��v�~]�d���%v�x�u%������v8}_�7ñ��
�1��}O��x,��}Ou]x�v��X�7�������u<��v�x¶�1�1����xm� ��v�x�}�� SZ%ø t�¡�¡1Ç Y v�y¥Òc|����%��}���~%y¶�d����~��ex�vox,v8}�x�y¥ËRx�u]���|����]}�v�~<���1} ¿
�1��}������}7�/|���~�� � x�u�ËRx,u%�[|��7�o��x�~fËRx�uX|�u%ym��}�w1~%xV#^x��7�]x�~<|���~.Ò���}��7�%v��1}���x�u�­
v[|�~A¤%�7�e|�}�}d��}�wb�ov8u]�������u��e|�~.�7v���v����1}
­o|�u%u]x��R°b�7������x��ex,~%���|��%v�w1��� �£ �ex�u2~%�]u%x�v&��x�}�~%�cx���v&�e~%�(��x:°ìx�~%~]��}�w1x,}ky¶v8�³��x�u T Á ¤ ��x�����x��ov�u]�ì|��7�R��v�x.È+u%������x�y:x
��x�u �e|��8v����|��%~]��u��������}�wmx�v�}�w�x�wd|�}�w1x,}�� � v�x.�]x��(��}�v�~%�(��xm�ox�|���v�~%v�x�u%��}�w:x�v�}�x,~!��x�u]~%����1u%��}�w1~´��u%x�v?�ov�x���x�u]�1x�u]~%�(����v�x�Ï1�c|�¤
u%x,}OÒ�u]�1}7�%x�}��7¤´� v�}��7~!�����u�x�v�}�x:�7x�u]v8x,}7��x�u]�%v�w1��}�w��1��}k°���±.²?~��ov�u%�¬v�}k·.|���v��%x�� Ð w�x���x�v�w1�����+~.~]�(����v8x,Ï1��y:v��o��x�}
È+����~]����1��x,}d��x�u%�]x�v�����}�w1x,}�x�v�}�x�u ¤ ��x�����x���}��b�!u]w1�1}�¤ � v�y:x��]�7öd��x��]��x�u
|���~!±.|�~´�*���������}�w<|����
� |�~.��x��]���%x¶·.|���v��%x,�R�ex,~%�(��u%x,v8���<�e|�~<�7v�w1}c|����1x�u]�e|����]x�}k��x�~<�7ö7~%�]x�y:~fº!ö7��u%v��7¤ � x��%x,�d�]�1u����+~f�ov8u]�kx,u%~%�]yp|��8~fx�v�}�x
�e|�~%~%x,}���xmÈ�|�uX|�y:x��]x�u%v�~%v�x�u]��}�wm��v�x�~]x�u���v8w�}e|��[|�}d�A�?�1u]�/|�}�w1x,w1x��cx�}��©�+v�}�x.°bx��]���7��x�����y z�x,~%�!��x�~!v�yµ��È+Ëo¤%²?��v��
v�y:����x�y¶x�}7�%v�x�u]�%x�}k±Äx��ov��X�7�]~X|��]��x�~¬����cx�u<��v8x:��v8}�~%�cx�v�~%��}�w��1�1}_ñ2�1u]y:������~]x�}k�ov�u]�k���1u%w�x�~%�]x��������$º!v�x�u%�cx�v?�
x,u%��x�}
��v�xk±�x,�ov8�(�7�%~]~��|��%��x¬�����u:��x�} �7v��8v���v���yç¤´���%u%x,v6�Ux�}���x��]x��7�%��um�ex�~]���|��%v�w1��¯
��v8xì�*���u:��v8x_°���±f²µ�ov���x�u]��x�w1���
�A}½x�v�}�x�y
|���~%�(����v�x�Ï1x�}���x�}mËRx�u]w1��x�v��(�<��v8x,~%x�u
��öd~]�%x�y¶x
y¶v��©x�v�}�x�u T Á ¤ ��x�����x
�ov�u]�<x�v�}�x � u%v&���]��x�v��Aòe���d�]�e|��]v��1}��1�1} É1É }�~$�����u
��v�x.°���±.²½�cx�~%���|��%v�w���� � |�~o·.|���v8�]x���x,}���x��2y:v��Rx�v�}�x�u!�c��~X|�y¶y:x�}�~%�%x,�8����}�w.��x�u�È+u%������x�y:����}��7�%x!��}��byk��1w���v8�(��x,}
� ���~%��}�w1~X|�}�~ �|��%��x,}b� ���uo��v�x.°���±f²��

t1t�Ð



� v�xm�����8w�x�}���x,}@zR|��ex�����x�}iw1x��cx�}«��v�x��7�(��}�v��%�]xp��x�~:�+�cx�}�xk�+v�}�~mz+u]v8w�w1x�u]~ S � t Y �����um��v�x:�1x,u%~%�(��v�x���x�}�x�} ­
x,u%x�v&¤
�(��x.��x,u!���7ö7~%v��1|���v�~%�(��x,} £ }7�%x�u]~%���(�7��}�w�x�}¼|�}����Ay¶������~A¤R��}��ì��}�x�u%w�v�x�~%�(��}�v��]�%xm�?x�u%��x,}�v�}p��v8x���u]�1w�uX|�y¶y:v�x�u]�e|�u]x
� t ¤íz+u]v8w�w1x�u´¤íº�|�u]���/|�u%x�w�x�~%�(��u]v�x��ex,}��!�ox*��x�u%x,}���|�}�wd|��cx�} �ex,��v�x���x�}ó~]v8�(�§|��7�<�e|�~ É ë ¡ �7x�v��]x�}§~]�X|�u%�1x¬z!�o� � ���
z+x��(��}�v���|�� � x�~%v�w�}p�ox,�e��u%�oðmËR���í� � t �7�c��yî�cx�~]~%x�u]x�} �£ �ex,u%����v��(�p�o��u%��x�}b��v�x�zR|��cx�����x�}b��v�x�uX|���~ox�Í7�%u(|���v�x�u]��è

2   Requirements CMS Trigger TDR

6/6/00 18 2.1   Physics

b-quark physics

The b-quark physics seems to be the most challenging task for the L1 trigger. Leptons
from b decays are very soft and their spectrum is rapidly falling down with pT. Therefore the trigger
thresholds should be as low as possible to preserve relatively high acceptance. This is well seen in
Table 2.5. It is forseen that b-physics is only possible to study at low luminosity phase of LHC.
The muon trigger plays a more important role in these studies than the electron one, because it can
operate with lower pT tresholds.

t-quark physics

The LHC is a top quark factory. Even at the initial luminosity of 1033cm-2s-1 the tt pairs
will be produced copiously at the speed of one per minute. The rates of muons from top events are
shown in Fig. 2.4 as diamonds. One can see from Table 2.6 that the triggering is rather easy. An
interesting case is the last but one channel in the table. It offers the most precise measurement of
the top mass, because of the J/ψ constraint. However, muons from J/ψ are very soft and the trigger
threshold should be as low as possible. In fact this is the only channel which may require three
lepton trigger.

physicschannel references offlinecut (GeV/c) trigger

12.4.2,12.4.4,93-69 L - - 2

or e 94-193,96-105 e e

96-116,96-117

95-39 L - - 2 , e

with self-taggingor b-jet tagging N00/8 e 2e

94-189 L - - 2 , e

with tagging e 2e

12.4.5 L - - 2

94-237,96-105 L - - 2

N97/72,N99/25 L - - 2

12.4.3-4,94-114 L

or e 94-328 e e

12.4.5 L

94-184,N98/82 L

12.4.6,93-117 L

94-183,94-184

12.4.7,94-186,N99/39 L 2

94-227 L - - 2

94-227 L

See also generalreports: 94-229,95-10,95-178,96-139,CR96/2, CR96/5.

Table 2.5: Study of the b-quark physics

a Z B B
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Let us consider in detail the following channels:

– H (80 GeV/c2) → γγ

– H (120 GeV/c2) → ZZ*  → 4l

– H (500 GeV/c2) → ZZ → llνν

physicschannel references offlinecut (GeV/c) trigger

12.1.2,93-75,94-289 H 2e

94-290,CR97/6

12.1.4,93-86 H 2e

94-247 e

je H 2e,jet

N99/1 H e,

10 6 jets

12.1.5,93-85 L 2e,2

94-214,95-18 10-20,5-10,5, 5 e

95-19,95-59,95-101 H 2e,2

96-100,N97/43 e

12.1.6,93-79 L 2e,2

93-101,95-11 e

95-18,95-19 H 2e,2

95-76,96-92 e

N99/71 H 2e,2

20,10,5,5 e

12.1.7 L

93-87 2e,2

95-75

12.1.7,92-49 H

94-179 2e,2

95-75

12.1.8,93-88 L 2e,2

95-75 2 jets

12.1.8,92-49 H 2e,2

94-178,95-75 2 jets

12.1.8 L

93-88 e,

2 jets

12.1.8,92-49 H

94-178 e,

95-154 2 jets

N97/83,N98/89 L,H 2e,2 ,e

See also generalreports: N97/57,N97/80.

Table 2.1: Search for Standard Model higgs

a C Q a
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Minimum bias, QCD and Standard Model physics

This physics is important because of two reasons. First, tests on the Standard Model are
interesting in itself. Any possible deviation, if observed, can give us a “window for a new physics” .
Basic triggers are listed in Table 2.7. Second, the Standard Model physics is a background to any
physics process we are looking for. It determines all trigger thresholds and rates.    

Many new expected particles decay to W or Z bosons. Therefore the inclusive W and Z
production can be considered as bench mark processes for the trigger. The rates of muons from W
and Z events are shown in Fig. 2.4 as triangles. They should be compared to “minimum bias”  rates,
indicated by squares. By “minimum bias”  muon rates we understand here the rate of muons created
by decays of u, d, s, c, and b quarks. There are several important observations to be done on
Fig. 2.4. First, the pT

cut dependence of the rate is very strong. Therefore, changing the pT
cut can be

a very effective tool of controlling the trigger rate. Second, the double muon rate is two orders of
magnitude lower than the single muon rate for the same threshold. Thus, the trigger pT threshold
can be much lower for the processes producing more than one muon. Third, the muon rate below
pT = 10 GeV/c is dominated by “minimum bias”  physics. All these observations have an important
impact on the design of the muon trigger, which will be described in the next chapters. 

Table 2.7: Study of minimum bias, QCD and Standard Model physics

physics channel trigger

"soft physics" min. bias

SM tests: WZ, Wγ 2e, 2µi, eµ

inclusive W e, µi

inclusive Z 2e, 2µi

physicschannel references offlinecut (GeV/c) trigger

LOI 8.1.4 VL e,

92-34 L 2e,2 , e

93-73 L 2e,2 , e

93-118 L,H 2e,2 , e

N99/65 H 3

N99/48 L e,

jet

Table 2.6: Study of the top quark

a P a©C�` Z B
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SUSY higgs

In the case of supersymmetric models there is more than one higgs particle. The SM higgs
triggers are all used for SUSY higgs searches as well, but new decay channels can be used to
increase sensitivity. They are listed in Table 2.2. SUSY higgs decaying to ττ  and bb pairs is an
important signal because of  enhanced cross sections of these channels. Acceptance for the ττ
channel with taus decaying to e or µ places strong constraints on trigger thresholds. A dedicated τ
trigger for hadronic τ decays is forseen to improve efficiency for H → ττ  searches.

Supersymmetric particles

If the supersymmetry is indeed realised in our world, the zoo of many new particle species
will keep us busy for many years, discovering them one by one, and studying their properties. The
results of those studies will have also cosmological implications, as the lightest SUSY particle can
constitute a significant fraction of the dark matter in the universe. The channels already studied by
simulation in CMS are listed in Table 2.3. Complicated cascade decays will create many hard
leptons, very useful for triggering. Squarks will produce numerous jets. Neutralinos and gravitino
might be detected by missing energy ET

miss.

physicschannel references offlinecut (GeV/c) trigger

see SM

+ 96-102 H

see SM

+ 96-96

see SM

+ 96-96

-jet -jet N99/37 L 60 2

-jet 12.2.4,93-98 L 10-40,isol. e, ,

93-103,96-29 20-30

N97/2, N97/16 40-80

12.2.4,93-84 L,H e,

N98/19 e

12.2.5,92-48 L , isol. e,

94-233 , b-tag 2 , e

12.2.6-7,94-182 L,H 2

N98/39

CR98/5 L 40, 400 4 jets,

(12.2.8) L 2e,2

96-49 e

12.2.9 W, Z, t 2e,2 , e

see SM H

See also generalreports: 93-122,N97/57.

Table 2.2: Search for SUSY higgs.
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physicschannel references offlinecut (GeV/c) trigger

g̃g̃, q̃q̃ 1-4 2jets 95-90,95-91,94-318 L,H 10-20 2e,2 , e

96-22,96-95,96-103 100

N97/15,N97/16 2 jets

N98/73,N99/18

q̃q̃ 4 jets N97/67 L,H 100,100,100,100 4 jets

q̃g̃ h N97/70 L,H 100

h bb̄ 20,20,20,20 4 jets

g̃, q̃, b-jets/ -jets N99/35 L,H 50 N jets, N ’s

2-3 ’s 96-59 L,H 2e,2 , e

50

N98/40 H , 50 2e,2

N99/53 H 10, 20 2e,2 , e

50,50 2 jets

N98/85 L,H 10, 150 2e,2 , e , 2

60,60,60 3 jets,

N97/7, N97/65 L,H 2e,2 , e

N97/69,N97/94

G̃ G̃ N97/79,CR99/19 L,H 2e,

100

See also generalreports: 93-125,95-66,96-58,96-65,CR97/9, CR97/12,CR97/19,N98/6, CR98/13.

Table 2.3: Search for SUSY partners

physicschannel references offlinecut (GeV/c) trigger

scattering 12.1.9,94-276 H 2e,2 , e

LOI 8.1.3 H e,

LOI 8.1.3,93-57 H 2e,2 , e

LOI 8.1.3,93-107 L,H 2e,2

leptoquarksLQ CR96/3, N99/27 H 2e,2

(scalar, 1.5TeV)

compositness: 94-188 H 2e

compositness: e e N99/75 L,H (e 25,25 2e

technicolor H 2e,2 , e

Table 2.4: Search for exotic particles

a `

physicschannel references offlinecut (GeV/c) trigger

g̃g̃, q̃q̃ 1-4 2jets 95-90,95-91,94-318 L,H 10-20 2e,2 , e

96-22,96-95,96-103 100

N97/15,N97/16 2 jets

N98/73,N99/18

q̃q̃ 4 jets N97/67 L,H 100,100,100,100 4 jets

q̃g̃ h N97/70 L,H 100

h bb̄ 20,20,20,20 4 jets

g̃, q̃, b-jets/ -jets N99/35 L,H 50 N jets, N ’s

2-3 ’s 96-59 L,H 2e,2 , e

50

N98/40 H , 50 2e,2

N99/53 H 10, 20 2e,2 , e

50,50 2 jets

N98/85 L,H 10, 150 2e,2 , e , 2

60,60,60 3 jets,

N97/7, N97/65 L,H 2e,2 , e

N97/69,N97/94

G̃ G̃ N97/79,CR99/19 L,H 2e,

100

See also generalreports: 93-125,95-66,96-58,96-65,CR97/9, CR97/12,CR97/19,N98/6, CR98/13.

Table 2.3: Search for SUSY partners

physicschannel references offlinecut (GeV/c) trigger

scattering 12.1.9,94-276 H 2e,2 , e

LOI 8.1.3 H e,

LOI 8.1.3,93-57 H 2e,2 , e

LOI 8.1.3,93-107 L,H 2e,2

leptoquarksLQ CR96/3, N99/27 H 2e,2

(scalar, 1.5TeV)

compositness: 94-188 H 2e

compositness: e e N99/75 L,H (e 25,25 2e

technicolor H 2e,2 , e

Table 2.4: Search for exotic particles
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Temp./Cooling Control
Position/Motor Control
Hall-Sensor Control
Barcode Read/Write

LINK TO  CERN-DATABASE

TO  DAQ-CONTROL  AND  ANALYSIS
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MULTIPLEXED

VME block burst
20MHz longword

50MHz DAC
10 bit FADCs

9 x 8
Double Width CAMAC

Common HV Rail Use / Common Grounding

10 x 4 DC Units

Any kind of Slow Control, e.g.

40 HV/LV Petal SuppliesFull 160 APV Readout Potential

System / Data Memory

VME-SCSI 30 GByte

100 GByte

100 GByte

80 MByte/s Online DAQ System Software TAROT/TARA/GUITAR

Petal Recalibration in 20 Minutes
Estimated costs ca. 250 KCHF for two systems

Full Petal VME DMA DAQ Full Petal DAQ Slow Control

Draft Proposal Lab Petal DAQ, M. Petertill, Aachen May-2000
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