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> Muon detector..why...now

The need of a muon identifier in a general purpose
> e*e- detector is sort of obvious.

There are points however that one need to stress:
> = Muons are good tags to flavor identify jets.
= Muons are good tags to charge identify gauge bosons.

= Tagging muon helps improving overall performances of a
» detector as muonic events are associated with jets containing
neutrinos.
— In applications requiring the very best calorimetric performances

> one should reject events/jets containing leptons as the ones
which in principle part of the energy is not detectable.

[ Marcello Piccolo
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“““““ > lIdentifying muons at an electron
| machine

= The cleanliness of an electron machine allows a relatively simple design for a muon
detector.

= Muon systems at High Energy Hadronic Colliders usually operate on a stand-alone basis.

= The muon detector for an electron collider can profit of the momentum measurements
coming from the inner detectors as associating inner tracks to muon stubs is easily doable

in this environment.
”""I"Inv»
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> Generalities

Given the location of the u detectors one
needs devices that offer

= Absolute reliability

< — Detectors are not serviceable
H = Low cost/m?
> — Spatial dimensions and areas to cover are big.
H — By the same token good size pulses would be a plus..

W « Industrial production process.
i

= Marcello Piccolo



> (Other) Detector components
constraints

Muon identification occupies the outermost real estate of a general purpose detector:
= Momentum cut-off due to:

”””WIIIIlnu ...... . Bfield
Tesla design results in a ~5 GeV/c threshold
V””“|“||||Illlm -
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\
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U
> Event choice for optimization

H Simulations were all run on final states with two
quarks and in particular bb states were the
H ~ ones with most statistics

Typical results come from 10,000 fully (GEANT)
“ simulated events.

The hardest task for any muon detector would
be to pick-up low energy muons in the middle
of a dense jet.

[ Marcello Piccolo



> Irreducible Spatial errors

|

““““ Picking up a low energy U inside a jet, depends

on the M.S. amount the calorimetry forces
upon us.

‘ | tried to evaluate the spatial spread our
reference detector introduces on particles
| g reaching the magnet iron front face.

Single particle at given momenta were passed
“N“ -~ through the apparatus to evaluate the spatial
““m“ r.m.s at the p-identifier.

- Marcello Piccolo



> “Soft” muons momentum spectrum

The momentum spectrum for bb ’s:
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» 20 GeV/c u

» tracks at the entrance of u identifier for 20 GeV/c
100 = wmaom T Sios® 022252755
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The distribution of Ay and Ay from the extrapolated




» 20 GeV/c u

The distribution of Az and A from the extrapolated
» tracks at the entrance of u identifier for 20 GeV/c
| muons.




u
» Do we need calorimetric capabilities ?

In a bb sub-sample,

| > e (5000 evts) 4.9% of the
“““N | e tracks left energy in the
““ - \\?, s el muon filter,
H | — The analyzed sample
‘ - ‘ contains roughly
: e 200,000 tracks.

I
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|
> Do we need calorimetry ?

The average energy a

“N“““ o . s track dumps in the muon
“N““N B\ |2‘L¥ e filter iS Small
° g it on the average a couple
el of GeV.
W T T twoudbenice
| ",' A however to design a
» T by tacon s Foncanee. device that would allow
‘ measuring it
> Marcello Piccolo
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|
> Technology Choice

Given the reasonably small occupancy expected
and the big dimension one has to cover two
alternatives have been considered.:
R e s
= Resistive plate Chambers

““““N < Weighting the relative merit of these two
NN“ technologies my inclination would be toward
s R P C ? S

[ Marcello Piccolo
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> A reference detector

|
““NN | tried to evaluate performances in the scenario
of maximal # of active planes.

Given the total amount of iron needed to close
the B-field flux (150 cm.),l simulated a device
with active planes every 10 cm of Fe.

|
“““““ Performance optimization can be achieved
| performan _

g off at the analysis level one or more
© active planes...

s Marcello Piccolo



|
> Performances

Here Is the efficiency

I 1 L B | :
| 5 JW PP vs. p of a

configuration that
uses 150 cm Fe.

H‘ ) N & AR N S N N S SN S —

S | O A O In high energy u’s
| identification ,
> a2 _ ........... ___________ _______________________ planes Isya of
| R B R N premium.
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U [
> L
>
I» 25 m

Here we have the
ratio of single u to bb
u efficiency.

Within the statistic of
the simulation no
relevant loss of
efficiency can be seen
In jetty events.



Radiator thickness and segmentation

As stressed before the amount of iron needed to close the
magnetic fluxis 1.5 m .

The segmentation buys rejection power, at a cost of increasing
the active detector area.

A preliminary design has been carried out segmenting at 10 cm of
iIron ten times and then adding the remaining 50 cm all together.

This corresponds to 12/11 planes of detector. (barrel/end-caps)
The length of the barrel elements would be 14.5 m (long barrel
option).

The design,carried out in this way, turns out to require an amount

of active detectors in between the already built systems and
what’s planned for the LHC apparata.

Marcello Piccolo



> Performances

\ ere is the efficiency
“| > : _ . VS. p Of an 0,0l'lmlzed
CUTFRCTR v Bof an optim:
1l 2 _, uses 150 cm Fe

| 8 R R E

b . Here the efficiency
“N““““ < ( active planes
N““N configuration.
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> Performances (cont.)

Here we have the
ratio of single u to bb
L efficiency.

Again this is the 12/11
planes configuration.

No derating In
performances can be
seen with respect to
the 15 active planes
case.

I3 Marcello Piccolo



"y Measuring energy

* ere is the correlation

“H > I between the energy at
H OIS the entrance of the
muon system and the #
of hits generated Iin the
system itself.

[
p i
= Hl

. } The correlation is
H m %‘M‘*H'HHM reasonably straight and
T i e e s leads to an overall
R resolution of ...

= Marcello Piccolo
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|
> Few figures concerning iron

The iron would be shaped in octagonal form.

) Practicality in construction and assembly suggests to
use the long barrel configuration.

Barrel length will be 14.4 m., broken out in three
pieces: 3.7 7.0 and 3.7 m. respectively.

H Joining of the barrel pieces done in a slanted way,
» pointing away from the |.P.

H End-caps would as usual be pie shaped with an
outside radius of 3.8 m and an inside radius of .4 m.

[ Marcello Piccolo
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» Barrel chambers

One way to fill the gaps with EXISTING
= TECHNOLOGY for what RPC’s are concerned:

« Max ch’s dimension 1.3x3.2 m?

U
H = Use 12 ch’s for the long barrel slots:
» 1.15x1.57...2.38
H = Use 2x6 ch’s for the short barrel slots:
l 1.22x1.57...2.38
Total area roughly 5000 m*

- Marcello Piccolo
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End-caps chambers

Here is a possible chamber
layout for the end-caps.

The criterion used here was
to maximize the # of ch’s
with one max. dimension.

One layer filled with 14
modules; 4 different
shapes would be needed.

Relatively small area 23.5
m2/layer.

Marcello Piccolo



Wrap-up figures

The p-identifier in the design sketched above will consist of :
« 12 planes of (RPC) detector: area — 5000 m? (barrel)
« 11 planes of (RPC) detector: area — 500 m? (end-caps)

Assuming strips — 3 cm wide, alternating read-out directions in
the various planes, a total of 70,000 (one bit) discriminators
channels should be implemented.

Should one decide to implement calorimetry and read out with
projective towers 25x25 cm? , 2500 ADC channels would be
needed.

TDC ‘s with a granularity 16 (32) times coarser than the overall
electrodes granularity would imply 5.0 (2.5) KTDC ch'’s.

Electronics performances required might vary according to the
regime one would use, costs must be assessed accordingly.

Marcello Piccolo



» Now for particle (hadron) identification

To my understanding, not a lot of effort went into this topic.

< The attitude up to now is ....probably it won't be there ,so |
better do without.

= Not completely correct in my opinion

[
H | will report on two contributions given at the LCWS2000

- _ | |
H ‘ = The first one: what is available (almost) for free from a TPC detector

= The second: a brave attempt to see whether particle id would buy

> some B tagging capability in topologically complicated events.

[ Marcello Piccolo



B HAUSEHILD
CERM
e St - 20

e

“E/ R Pwrfrc{c ’0
;o The TESEH- ”‘j —

"“EJ-_}_.‘J-J-L S L O S T T,

@ aitivddeyd AEPN resslotioy

ﬁ';:?ﬂﬁfq'l - J"vllhb-wj ﬂrEf‘ﬂ.f'ﬂ'lrs fxfff'.ﬂkc=>

P *!'a,,r Fouwle Ceefe ypesults
ij'utf?.- EJ!',— H#ljﬁh' E:u—,,,h“-_,)

L IP""";'I*.'-III! 'S'EII-'PI'-'I“hIEh Fr;.--w-rr

Marcello Piccolo




Ds wg need ﬁrrfmhﬂ

Tp g Ak A A A Al R A KR At A

o E:l!ysff.s S'Juﬁl'l'ﬁ' ilﬁ?u

= pade Twesle” lu-’:y{.-cﬁ LT

! & " i
Erar b rd e f £l v B A e

- oo vzeg der dediesTed !D"“'"'-F'.I'-'-!lt- I gfedscter

‘-lb d'E.n"ﬁ'iw of TPC Jﬂ'prclér-f {'a'Fcr 'Fr-u.-;:l

rr.o-'- r;hI{; c-r*:z 1.1 e T r-‘tf"'cc'fop- -ap,'f? T ¥

. Didfnest Stesdieg W Tilige T Qpliee
s Aot 3T st 1 0T LoV

”V”””””“”“’ % S o Ff-l pdics -r*‘:"*j ‘ fly pre fits Lror épa, {ctle 1)

g2 CF wiadetioe ey o b dlecoys
- fR-'c-#-rﬂf H-w&.'hn;_}

rf:ahfrr._-:.ﬁﬂu af E:f--? ntn f«’f*};ﬁ

me A s s 4 {hoﬂ‘ih’l’g Fes)
s and “ &

23 P A o s <0 A A \ o —T— -
5 l_' [ ! H Ll _-:_ p I'h}_-
; f ! R ; .
[FIR] : H = : ; -
= : = wn .
= i " : 12
G2
H

Gt
[

s A3 55 54 = a3 e
B x'E e GeV [y :.-'I:'I:Trlﬂ!-!.n'f'l‘l'

Marcello Piccolo




””””””ﬂﬂlllum.
(%) LHHJHH o':fr: ‘v -};'n’

{‘Lm{.- LI R S S S T P N O R S S R A cp s

E ] J':c!?.l Frael J'Is.i.r_‘“- fowitea® \I':-"TEF‘Lu. = TEHE"H’E}

W degeilly gl bt

rack lengih = 120 cm, AciCH (90/10

&
FRa T campibes
Aimmmad baply

”””””””||||IIII|>

n 4 =+l

@lCeLT ol P CX wluarno pir cin
-
V”””””"mﬂlllu» i B e - T shaples %
L = g ] s

24 o mpl ekl Ao wrgl ke 1

L
@ bt
wl 1% = ™.
Y
Skl &
an
0 ——at 0" (T T, SR N
n AT L 1] nm =tk ] I an M in
sl jwr s clortrans pec cm
V”””””"mm"“> Lamliny distributions, #00 ¢ moise, Cross-lalk

Voo BLEFE ore- amps

® FHoye (shnr‘ffr_} savmtes —3 befin resolutjor 2
2.9. et} A ot 2 2
% Mat trve ne :,Et.i:r-lr g&‘ 'é'::.;rrrf? J%T:i"y
H Erajay fhfrfy E‘?r‘-}v:rf_i if i o r’u;, .»_c.&-}L Yoo gharg
' " difficts 10 Baudle i
| oty dEide reconrtrosdion

”V”””””“Hllln»

”””””””“"""" Marcello Piccolo




ﬂe’d# ‘l!ilﬂ*ﬂtﬂ (lf*)

i
[ R L A SO STLI S TN SIS T R L e B UL R

® Satpretion reacled =7 oo lon - 3t tempmles
i’-n..-E'I'-U" Ay Enwrllll..'j .rlp..ﬁ-:-l'-\:- '

m——

rirn LR by ke

W LR Ry AT

s o
il k’_-u;_l\q |

ikl
v ¢ o

2 4 FLE rpn e ; s
r'. P Al L o# 'f!u- 3 L
i - e E 3 ¥ ;

i _F"::"W-ol s A Tl P BT L ﬁ r-(;l,u fudimr VR g1

TR e T 1 ]

L] k - 1
; .:;?-frp-...gr.p{ Trun cedow
i T =

W |

s [ e e e S e e, SR
[ HY -] e L £ e

1w ber o Snaplee

] :ﬂﬁn:fb. i D'G‘ net Wie 1ua LT fﬂrwrnrt{ J-n thowe E.'Alh-c ”._:._‘.
o - B

v s e —————e - ooyt
= PR O e .
= B T T
"
D T e e

Fals

g i Al
HEE LS sFrictes” @B = =
Lacepes Ve frp Vi e = o

¥ ta ]

Ao A.J' el l{'.Ffl-rl'F o LT R

" ik
A peplakfFar

&

e S ATTIS e ._J.:

{'; u. e snp-.P'| "3 f-u.-ﬁ-“—-}

1 b te Flrre gheat of
dim el B e

odoa 1 g ol we g pass

Marcello Piccolo




V”””””““HIIIH»

””””””H|||III||>

V”””””||“|IIIII|>

V”””””“ml"m»

”V”””“”||IIIII|>

”””””“”|||IIII|>

"Expected Sepneation Powse.

2 'tu.:'.
PP SO ST P S [ I SPU T RGN SOV S S 6T RN S S e e

& Qg ladicg ¢+ noagowes’ rhkige reselfionr based o

= jsalated elean 4|-qu:5, Tl o prler of rﬂ*’j_—};"
J .

"" “'_f‘ff‘f l:?{n-m }‘.hc*

y - | r . |I - -
& ;'F\-r"].nc‘!w'- “'" Tk ,!-_} *}r-'f,r.r mhq.‘?hs . |

freclhs te Hexfe Freck fWvipsements l';l'-.a.'-f-'1',..,,43“_;"-d .

-y Hored wo, of -_'inl'-_r;l-r!:i {Fll;"':frpf Lr e Pe:.::
= snhf‘!ca‘ tess cleaw Cﬂﬁ#:"l-:oh” {-rrzﬂfﬂ*i;l

b ot AfEPR DELPHL g

PO =5 B N S Y [ 1 & Tapgald s sam

¥

GLAE oty ) )
s, A ERAGE

3 1 B,

aparscan|

[ICTITTR T TR R o meas i e

ot T L P S T

= 5 Iy H
=k
= El Ly vesalotons
i 4 I tred. L2481 5 sl Frrart
& A .
o3 —Iﬁ 4341k & whozl ernn -
2= p = TUES1 AL, T3 ok o BT Bk
d H o T-
2 5 —- 42 k) Ewealomn #
1= 107051 A 2HEsampr + apl bwes”
L — B % EE % wecl errars
s I°EATL A daw: Lavdh cur)

VA avreane

T T

AT als muricle irtvratlon nmrer

Marcello Piccolo




Th
eC
ha
lie
ng
e :

.iypicﬂhp
cal T.,_,
tha

td
aca
¥ .

“ ”””"mm"llm
“ ””ml”“““llm
‘ ”””W"Hlllln...,
P
e Fraad
P . -
o A ]-a,'.t’;;;'_.:f:lr e
) 2 B
VWW"“HIIIn.., :E.a -
ﬁﬂ;i'j.:- el)
- B
-
ey e
1
e )
b
St
Ma I:.:L:r"!l'.;::'{";";-.h
r :"Il".-:;-':-:"
il s s
OIO s



[EERMA

Spectra (Fandora check):

[
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> Bottom line: p-system

Muon detectors at a LC would be required to
“” < perform tagging; they can be designed with
H“““H“ today technology without much R&D .

> There i1s a reasonable choice of detectors that
\ can be used.

> Tesla design relies on RPC’s, other proposals
\ could be worked out.

My personal opinion is that gas devices are
economically preferable.

- Marcello Piccolo



L
< Bottom line: Particle id

A clear case for the H.E. has not been presented jet:a complete
> attempt to assess benefit and cost is still to come.

|

The situation in the low energy regime (Giga Z) is in my opinion a
> bit clearer: here we have something to gain as exclusive

| processes are important.

[ ¢ pertirom the CP asymmetries, not so) rare B decay would

benefit a lot from PID.

- Marcello Piccolo



- ConCIUSionS

The design and optimization of the p-identifier for a

< general purpose LC detector is proceeding: for Tesla
the RPC option has been chosen, other groups might
explore other possibilities.

‘ Particle i.d. does require a definite effort in order to
state, on solid bases which ratio benefit/cost this
(M ubsymem monid oY

The Giga Z physics program would clearly benefit, in my
> opinion, from hadron identification capabilities.

- Marcello Piccolo



