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The SLHC recipe for better physics:

- ganin statistics task of the machine

- don’t losein data quality task of the detector

 SLHC: Challengesfor the Detector

» Performance of the MDT detector in high y-background,
expectations for SLHC

* Need new Detector or New Electronics? Both?
* Need aHybrid Solution depending on BG in the hall?

o Hot regions. new chamber types?

o Cool regions: new electronics and/or readout strategies
sufficient?

e  SUummary

Sept., 18th, 2008



Tracking in an idea world o . Tracking at LHFJ
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Thereare 72 MDTs shown in the About 20% of the MDT tubes
barrel with about 24000 tubes. have a BG hit at full LHC
luminosity.
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Hit patternsinaMDT tower (barrel) at low and high background rates
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The Inner Barrel Layers have no trigger

chambers. The track segment in the Inner Layer
Is extrapolated from the outer layers, based on

the Rols in the outer trigger chambers.
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High occupancy leads
to inefficiency of track
hits & tracking
inefficiency.

It reduces spatial
resol ution due to space
charge effects in the drift
volume.

Track finding needs Region of Interest
(Rol) information from the trigger chambers.
Pattern recognition from tube hits only works
at very low BG rates.
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Degradation of tube efficiency
most critical issue at high rates!
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 dependence on BG rate due to space charge from positiveions

 avg. resolution goes from ~ 80 um - ~120 um

* relevance of resolution reduction depends on physics channel
(momentum spectrum)
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» Hot*
regions

IanlT Rase {cqea ;i - reocon Flux, Kizfem ™2

The EC toroid (air core) is
nearly transparent to y’s.

1 color step
= factor 2,15 § |

E
: —> Space between beam-pipe
BM ' and inner wall of the EC
' toroid is already optimised
' for shielding (W instead of
BI Cu brings little gain)

—~>Be-pipe in thisregion
would improve by factor 2-3
(cost 2 MCHF)

: TSI ‘\ Insufficient shielding: y's
Figure 5,13 Photon flux i Atlaz gquadrant (GCALOR — JanW3) diss pate freely into the

hall like 1/r?2
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Capacity of fiber:

90,0% 1400 Mbit/s (usable)
80,0%
70,0% :

large MDT -+ -4 ~900 Mbit/s
60,0% (432 tubes)
50,0%
40,0%

-~ -+ ~450 Mhit/s

30,0%

20,0%

0 50 100 150 200 250 300 350 400 450
it rate per tube [kHZ]
33% at 125 kHz 66% at 325 kHz
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Worst case assumption: SLHC

BG=10* LHCBG and full

safety factor 5
kHz/tube
LHC SLHC =10 * LHC
MDT region nom. safty f. 5 nom. safty f. 5
cool (Bl, BM, BO; EO) 15 75 150 750
medium (mid EM, outer EI) 33 165 330 1650
hot (inner EI, EM) 72 236 720 2360
<125 < 33 % available Readout BW
<325 < 66 % available Readout BW
> 325 exceeding BW limit of Readout

“Worst case BG situation at SLHC” far beyond the BW capability of
the links: requires upgrade of electronicsinal 3 MDT regions
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Uncertainty on LHC/SLHC background predictions

SLHC w.
LHC SLHC SLHC w.

- modif.
Be-beam pipe Quad's 77

LHC
nominal

Due to uncertainties of SLHC BG predictions. need aflexible
concept to match BG in the the different MDT regions...

... but hope to narrow the uncertainty in the coming months !
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The MDT readout chain, schematic (DCSnot shown)

ROD data reduction:

Electr. on MDT chamber ectr. in the counting room USA15
* empty data frames
Tubes Preamps, TDC  Chamb. Serv. Modul .Z\Inc Wordsf load ReadOut Driver ReadOut Buffer
(0,8 ug/trig.)  raw data stor. data formatting ~ *Paancing orio datareduction Data stor age until

(24 tubes) (18 FE cards) e CEE formatting LVL 2 decision
Opt. fiber

325 khits/s |

-> tape
24l FE 8 6!
. J—~ cards—L' CSM +> ROD | === | ROB | ——
G .
. 1.6 Gbit/s
1.6 Gbit/s
ratesat @100kHz LVL1 | 6* 1,6 Gb/s> 1,6 Gh/s!!
- ~ i ! ~1 kbit/s
2oknitsss (80 MSSi![\;Isbell;[//;il ) ~ 09 Ghitls L4 Coitls
' (1,4 Gbit/savail.) (max.)
SLHC (w. :
datacompr| =~ STTED> > —
at the FE) | 260 khits/s ~ 280 M bit/s , ~10 kbit/s
Main limitation Daia gy Data ~ 4,5 Gbit/s Processor ~ 43 Gbit/s pga
for SLHC: storage storage BW Speed BW storage

Present MDT R/O architecture is tailored to the expected LHC BG rates
—>Little margin for lumi-increase!
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Options to solve the problems with
occupancy, resolution, BW?

A) make better chambers ?
B) make better electronics ?
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e About 10-15% of the MDT chambers are in the “hot regions’: i.e,
~180 MDTs from atotal of 1200, corresponding to about 700 m?
from atotal of 5000 m?

e The existing MDT chambers were not built with very high ratesin
mind. 2 The diameter of 30 mm was selected mainly for cost
reasons (1992-1994).

* Why not try smaller tubes, e.g. with adiameter of 15 mm?

Sept., 18th, 2008
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Small tubes have:

non-lin. r-t 3.5* shorter drift time window
relation is 2* |ess conversions (lessAl)
dueto

3.5 * shorter pulses
(= less dead time > higher efficiency)
2 * less conversions (lessAl)
8 * less space charge
—> good candidate for SLHC

Ar/CO, gas
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Standard MDT

u

Small tubes

One can put 6 small tube layers
in the space of 3 large tube

layers

e —> more robust pattern
recognition
BUT...

» more complicated services

» more e ectronics channels,
more power

Signal

Ground
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Alternative way to obtain smaller drift cell: Field Shaped Tubes with 30 mm tube diameter

30 mm

& »
< |

pull electrons from unwanted regions to field plates,
where no gas amplification takes place - less hits,
less positive ions

limit active drift field to anarrow sice£ 2 mm

Cas. OO, 7, A 33X, T=200 K, p=2.98078 oim

promising: this scheme CAN operate with ‘large’
tubes, so needs less el ectronics channels w.r.t.
the Small Tubes

BUT:

track should pass at right angle to drift field
for best resolution - need “clocking” of tubes

Test of ademonstrator at the GIF in preparation for
2009

., 18th, 2008 17



C—1—*| re =~ CSM — ROD | wemmd | ROB | =——d
D to tape Why transfer data

ratesat @100kHz LVL1 from chambers

» = >—T > == — with only BG

~1 kbit/s

26khits's ~ ~56 Mbit/s ~09 Gb:it,s 1.4 Gbit/s hits? Thereis no
! Rol pointing to
—> = SIS W) oo them
260 khits's  ~ 280 Mbit/s , ~10kbit/s
~ 4,5 Gbitls ~ 4,5 Gbit/s
! Reduction of
(selective) .I .: ! ~10 kbit/s data could be
260 khits/'s ~ 280 Mbit/s I
~0,5 Gbit/s ~ 0,5 Ghit/s done on the
Mainlimitation  Data gy Data ! Processor Data chamber, using
. BW BW =
for SLHC: storage storage | Speed storage Rol info from

«  new ASD with shorter shaping, shorter deadtime trigger chambers

 new TDC with more storage, faster processing, higher R/O bandwidth

How can the
CSM “know”,
whether there

wasaRol inhis
chamber?
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Rol info,

P — Rol info > | MUCTPI LVL2 LV -2 MuCTPI collects Rol info

from all u-trig. sources....
/ l Rol info 4
Aol llnie > LVL1 ...sends , short list* of Rol

——— CSMm LvL2 CTP infoto CTPfor LVL1...
P> E—
selector yes/no
LVL1
yes/ino l ...and adetailed
TTC list to L\VL2 for
' l LVL1 v track I1D.

Thislist pointsto

CSM ﬂ ROD ﬂ ROB —’LVL 5 ., Tape“ regions inthe

all LVL1 all LVL1 MDT with fine
accept granularity. Most
MDTs are not

SLHC w. flagged by aRol,

full R/IO > ~ o ChIls > > T BRI = > s don't needto be
~0.1 Gbit/s read out

SLHC w.

selective ~ 0.5 Gbit/s ~ 0.5 Gbit/s ~ 0.1 Gbit/s

R/O

MDTswithout a Rol need not be read out - reduce data by factor 10 - 100
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u-trigger | =% | MuCTPI
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fibersto CSMs
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'
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v
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— | LVL-2
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\ 4

* The R/O Selector must be a
programmabl e unit, which
trandates the Rol info into
alist of CSMsto be read
out (e.g. atower). It sends a
YES/NO info to each CSM
viaafiber

* Thetotal latency may bea
few u-sec, so the selected
data arrive early enough for
the LVL2 trigger to work
on.

* The R/O Selector may go
into adot of the MuCTPI.
The scheme could be tested
in the present system, if the
CSM is modified to receive
the new fiber.

Sept., 18th, 2008
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Hit patternsin aMDT tower (barrel)
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chambers

With selective R/O, all chambersin atower,
belonging to a given Rol will be read out

MDT
precision

000000000000000000RO0000000R000
ORf000000000000000000000000000 Chambers
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Could selective R/O lose tracks, which would
have been found with the full R/O ?

Sept., 18th, 2008
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—£ndCap | Barrel _«—EndCap |

< »

“truth” muons without a matching Rol

For technical reasons,
some regions of the -
detector are not
equipped with MDTs
and trigger chambers.
The simulation shows
u-tracksfromH - 4
i, which did not create
aRol.

(The event was

tricgered” by another
] A v

n LYyt LU (S

u-track at LVL1.)

/

voussoirs barrel
very forward toroid
abs(n)>2.4 coils
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In some regions there are
MDTs, but no trigger
chambers.

The ssimulation shows -
tracksfromH -2 4,
which were generated in
simulation, did not create
aRol, BUT were
reconstructed in the off-
line s'w.

—->MDTs not matched by
atrigger ch. must always
be read out, because a
track may still bere-
constructable, however...

—>thisisonly possible at
low BG rates!!

“truth” muons without a matching Rol, which could be reconstructed

3

These tracks, pointing to MDTs w/o atrigger chamber,
could be reconstructed, because there was no BG simulated
and the MDTs were completely clean, so pattern
recognition was possible w/o a Rol. At high luminosity this
would not have been possible. Anyhow: chambers w/o
trigger chamber will always have to be read out.

Sept., 18th, 2008
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0).

» Therefore this track only generated hits in the Inner and

Outer Layer
* No Rol generated (event was “triggered

* Most chambers don’t go up to the central plane (n

by atrack in

another tower)
* No BG-hits were part of the simulation

» Track was “reconstructed” via tube patter recognition
which only works with very low BG

0o

S0

3

25
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» Selective R/O isentirely guided by the Rol information supplied by the
trigger chambers

It will not transmit track segments which did not receive aRol and which
might later be reconstructable in the offline from simple pattern recognition
of hit tubes. However, thisis only possible at low Luminosity (= low BG).
For low luminosity mode Selective R/O is not proposed and not necessary.

o At thehigh BG rates of the SLHC track finding without Rol isimpossible.
Therefore, it is sufficient to limit data tranfer to those sets of chambers (e.g.
towers) which are flagged by a Rol.

* Inhigh BG environment Selective R/O is not prone to lose any usable data,
however, it will provide abig saving in BW and storage required.
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At SLHC background rates the MDTs need upgrade:

Hot regions:

Cool regions:

Everywhere in the MDT:

use Small tubes ?

use Field Shaped tubes ?

MicroMegas ?

~ 150-180 MDTswill haveto be re-built,
covering ~ 600- 700 m?

Increased R/O bandwidth globally by factor 5-10 or
Use selective R/O based on trigger chamber information

« FE electronicsto be re-done (are there rad-
tol FPGAsfor SLHC ?7?7?)

« Ageing behaviour of tubes to be evaluated
« Improve rad-tol of HV/LV power supplies

Sept., 18th, 2008

27



Spares
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TileCal finds low dE/dx S
% eCal u candidate:

~7 LVL2 creates
asw Rol

ID ID findsisolated track

The convex track generates the
LVL1trigger (singleu > 6 GeV)

The concave track from (e.g. J¥
—> uu) may be lost because of p; <
6 GeV (most frequent) or because
of missing the BM layer AND the
EC trigger (rare). Situation may be
recuperated in LVL2 on the basis of
ID & TileCal data (s'w Roal).

- for low-lumi runs, data
reduction via selective R/O not
necessary
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Even at full LHC luminosity there are only
about 1,5 muon tracks retained by the trigger
in any given event (i.e. 1,5 Rol sent to the

LVL1).

Read out only the MDTs with a Rol would Rol  ® hitintrigger ch.

reduce the data volume by afactor 10— 100

(exception: MDTs without trigger chamber) Most MDTs do not have a hit in the
accompanying trigger chamber

Optical links, MROD, ROB and LVL2 could = o Rol = notrack candidate

remain unchanged
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Octant:
processing all
tr. sectors from
In| =0-2,4
resolving e.g.
double counting
of tracks,
boundary effects
etc. for each BX

* formatting data
tothe CTR,
ordered w.r.t. p;

eoOnalVL1al
infois sent to the
LVL2 system

eonly lor2
octants out of 16
are active in any
given u-trigger

sideA Side C

VME/backaane dedicated backplane (MIBAK)
‘t
he B ‘
{
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Put the R/O Selector here?

Figure 13-3 The layout of the MUCTPI crate.
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Enclosure of precision
chambers by trigger

chambersis quite tight.

There may be some
losses:

-in the region of feet,
coils and struts

-in the RPC/TGC
transition region

—-because of ¢ —
components in the
magnetic field (non-
bending direction)
-for low p; track close
ton=1

TGC 3
M
]
T
low p._
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TGEJ_FI
7 high p
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