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Drift
Chamber

sIaquieyd M /ajOX

IDEA concept

Si pixel vertex detector

5 MAPS layers
B R=17-34cm

Drift chamber (112 layers)
4m long, r = 35 — 200 cm

S1 wrapper: strips

Solenoid: 2 T-5m, r=2.1-24
0.74 X,, 0.16 A @ 90°

Pre-shower: uRwell

Dual Readout calorimetry
2m deep/8 A
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OUTLINE

* Tracker requirements
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» Layout and Material Budget

The IDEA tracking system
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Full (standalone) Geant4 simulation
Particle Identification

Conclusions
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Tracker requirements

« Large angular coverage
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Tracker requirements

« Large angular coverage
» High granularity (to cope with occupancy at inner radii)
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Tracker requirements
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Tracker requirements

« Large angular coverage
« High granularity (to cope with occupancy at inner radii)
» High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2>up))
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil
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Tracker requirements
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Tracker requirements

Higgs recoil mass with 0.136% beam spread eHrec
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Detectors:

— Beam only
— |DEA

— CLD

Higgs recoil
HZ -2>H uu
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Tracker requirements

IDEA: Observed di-muon invariant mass

Minv i

Deateclors:
— IDEA
—CCLD
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil

o cLFV processes like Z 2 ey ,eT, y1 (BR = 1034 - 10-69)
current exp. limits (£ 10-%) can be improved by > 5 orders of magnitude
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil

o cLFV processes like Z 2 ey ,eT, y1 (BR = 1034 - 10-69)
current exp. limits (£ 10-%) can be improved by > 5 orders of magnitude
V0 and kink capability for CPV (CP eigenstates usually long-lived particles)
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Tracker requirements
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil

o CLFV processes like Z - ey ,eT, u1 (BR = 1094 - 10-99)
current exp. limits (£ 10-%) can be improved by > 5 orders of magnitude
V0 and kink capability for CPV (CP eigenstates usually long-lived particles)
High resolution Particle Identification capability
o Flavor Physics
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil

o CLFV processes like Z - ey ,eT, u1 (BR = 1094 - 10-99)
current exp. limits (£ 10-%) can be improved by > 5 orders of magnitude
V0 and kink capability for CPV (CP eigenstates usually long-lived particles)
High resolution Particle Identification capability

o Flavor Physics
o CPV (e.g. B, 2 D)
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Tracker requirements
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o CPV (e.g. B, 2 D) from S. Monteil
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Tracker requirements

Large angular coverage
High granularity (to cope with occupancy at inner radii)
High angular resolution (Ad < 0.1 mrad for monitoring beam spread (Z-2> uu))
High momentum resolution
Op/p? < few x 10-°, small wrt 0.136% beam spread for
o Higgs mass recoil

o CLFV processes like Z - ey ,eT, u1 (BR = 1094 - 10-99)
current exp. limits (£ 10-%) can be improved by > 5 orders of magnitude
V0 and kink capability for CPV (CP eigenstates usually long-lived particles)
High resolution Particle Identification capability
o Flavor Physics
o CPV (e.g. B, 2 D)
o Agg(b), exclusive b-hadron decays reconstruction
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Genesis and evolution

KLOE ancestor chamber at INFN LNF Da¢ne ¢ factory
(commissioned in 1998 and operating for the last 20 years)

CluCou chamber proposed for the 4th-Concept at ILC (2009)

. I-tracker chamber proposed for the Mu2e experiment at
Fermilab (2012)

. DCH for the MEG upgrade at PSI (designed in 2014, now
and under commissioning)

IDEA drift chamber proposal for FCC-ee and CEPC (2016)
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Innovations Introduced

with KLOE

Wire configuration
(no axial layers)

new wires

Very light gas mixture

Mechanical structure entirely in

Largest volume
ever built (45 m3)
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after KLOE

Separating gas containment from wire
support functions

New concepts for

Using a of
wires)

No wiring

Using for improved
spatial resolution

Using for particle
identification
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Layout and Material Budget

e, Conservative estimates:

B e Inner wall (from CMD3 drift chamber) 8.4x10" X,
k=2.00m 200 pm Carbon fiber
S ————— . Gas (from KLOE drift chamber) 7.1x10% X,/m
. 90% He — 10% IC,H,
inner wall 0.0008 X, N r=0.35 m Wires (from MEG2 drift chamber) 1.3x103 X,/m
z-axis 20 pm W sense wires 4.2x10* X,/m
cells | i -4
0.016 X, 3ig',g?;3walrles tracking efficiency 40 um Al field wires  6.1x10 XO/m
to barrel calorimeter (0,0013+0.0007 X,/m) ex1 50 pm Al guard wires 2.4x10* X,/m
0.050 X, Suter wall 0.012 X for 9 > 14° (260 mrad) Outer wall (from Mu2e I-tracker studies) 1.2x102 X,
to end-cap calorimeter R 97% solid angle 2 cm composite sandwich (7.7 Tons)
End-plates (from Mu2e I-tracker studies) 4.5x102 X,
wire cage + gas envelope

incl. services (electronics, cables, ...)

14 co-axial super-layers, 8 layers each
1210 15 mm wide square cells x T (112 total) with alternating sign stereo
5:1 field to sense wires ratio B = RACLENN B angles ranging from 50 to 250 mrad,
96,448 cells " sereo” ; | in 24 equal azimuthal (15°) sectors

+ stereo
. ..
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The IDEA Tracking system

Drift Chamber

L Si eq. thick. Xo pixel size area # of
[%] [mm?] [cm?] channels

drift chamber

Si eq. thick. Xo pixel size area # of
[%] [mm?] [em?]  channels

# of layers

[mm]

inner
wall

thickness [mm] -

gas

3

112

Si wrapper

Layer R[m L Si eq. thick. Xo pixel size area # of
z m] [mm] [um] [%] [mm?] [cm?] channels

[mm] [mm]

2000 +2000

+(2000+2250)

outer service z Si eq. thick. X, pixel size area # of

1 ROU
WIreS  wall area [ (mm]  [mm] [um] %] [mm?] [em?]  channels

min 11.8 mm — max 14.9 mm

#of cells

56448

192 at 15t — 816 at last layer

average cell size

13.9 mm

min 11.8 mm — max 14.9 mm

average stereo angle

134 mrad

min 43 mrad — max 223 mrad

transverse resolution

100 ym

80 pm with cluster timing

longitudinal resolution

750 ym

600 pm with cluster timing

active volume

50 m?

readout channels

112,896

r.o. from both ends

max drift time
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400 ns

800 x 8 bit at 2 GHz
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Fast Simulation Performance

Tracking performances

op‘/ pt

Track angle 90 deg
IDEA
IDEA

cLp
CLD MS only

IDEA No Si wrapper

90 degree

60 100
pt (GeV)

cpt/pt

45 degree

Track angle 45 deg
—— IDEA
IDEA
IDEA No Si wrapper
cLD
CLD MS only
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@ 90°, p; > 30 GeV

IDEA
6,/p, = 0.7x 107 +2.2x 107,

IDEA no Si wrapper

6,/p, = 0.5% 107 + 5.7 x 107,

IDEA, Multiple Scattering only
0,/p,=0.25x107

CLD, Multiple Scattering only
0,/p,=2.5x107

IDEA: Material vs. cos(0)

I Beam pipe
[ Vertex silicon
[ Drift chamber

I Silicon wrapper

%X,

01 02 03 04 05 06 07 08 09 1

CLD: Material vs. cos(0)

Il Beam pipe
I Vertex

[ Inner tracker
I Outer tracker

01 02 03 04 05 06 07 08 09 1
Cos(0)
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Fast Simulation Performance

Trackin erformance
Ip Intagrated on all impact parameters

T | %/ ndf 127.7/31 |
0.0045E - , _" A 10% b 3 127
7 u -0.01546 = 0.00157

&
MEG2 & | O 0.1062 = 0.0016
i K 0.07781 = 0.00310 |
measured

spatial | c =106 pm

resolution | ' (HeliC,H,, = 85/15)
no cluster timing, 7x7 mm?

/ A\ arXiv:1605.07970

12x12 mm2 < 100 ym

cluster timing > -20%

0.0015

0.001
0.00051"

C
%
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fast/full G4 Simulation comparison

FREE=TSSSEonE S s

(

e Geantd4
- ROOT based simulation
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Particle ldentification

Particle Separation (dE/dx vs dN/dx)

p-K dE/dx dE/d?(
K-pi dE/dx resolution

pi-mu dE/dx 4.3%
p-K dN/dx
K-pi dN/dx
pi-mu dN/dx Cluster Counting
mu-e dE/dx efficiency:

mu-e dN/dx
80%

# of sigma

A 0 O N o ©

Particle separation vs cluster counting efficiency

(2 m track)

=

ORr NWAUON®OO

# of sigma

p [GeVic]

0 0.2 0.4 0.6 0.8 1
cluster counting efficiency
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Particle ldentification
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# of sigma

# of sigma

BRRRR R R R
OO R NWRAUULIO

O R NWLAUIO N ®

Particle ldentification

Cluster Counting + Time of flight (0.1 ns)

/ LN
/ LN —e-mu
/ RN —mu-pi
\/ IR RN —pi-K
4 Ll N —k-p
\ o AN
\ Vo AN
\ N VL — [ [N
\ A TN
\ \ TN
\ \ o~
\ \ o
\ N Blinn
\\ | ———u

momentum [GeV/c]
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dE/dx
bsolution

4.3%

) er Counting
fficiency:

V ENG

‘‘‘‘‘
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Conclusions

» Conceptual design of tracking system adequate for the
physics requirements.
» Ready for transition from CDR to TDR, but still missing ...

« full software integration within a common framework

« performance optimization on benchmark physics
+ detector design optimization (cost/performance analysis)

 construction of full scale prototypes (4 m length!)
- to test materials and mechanical engineering solutions
- to develop cost effective electronics (given the number of channels)

» Critical mass far from being reached: ample space for
additional international contributions on all the listed items.
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Back up Slides
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The "brilliant" IDEA Detector
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Full G4 Simulation Performance

Isolated track reconstruction efficiency

efficiency to find 0.6nhits at 1 turn(|cos th|<0.8 over all tracks efficiency to find 0.6nhits at 1 turn(P>1GeV) over all tracks

1L I..l.l.'rl.l._l_l'rl .H_ .l_ 1. 'l' TFFTTTT

>
(4]
c
2
Q
=
[T

UL LU L L L L

N : N
cos theta
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Full G4 Simulation Performance

BARREL FORWARD

Reconstructed Tracks Chi2 over nDof Reconstructed Tracks Chi2 over nDof

—— 90 deg —— 40 deg
— 75 deg —— 30 deg
—— 60 deg —— 20 deg

- 45 deg 10 deg

\

4
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IR T TR T N TR S B
4

3

=

Number of dch hits per tracks Number of dch hits per tracks

—soasg] N Of fitted hits —40deg
100 Hits/track —7ds|  (DCH only) at10deg | —ao
T oaa np hits in DCH |~ {0 ue

70000

III
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Full G4 Simulation Performance

BARREL FORWARD

Momentum Resolution Momentum Resolution

—— 90 deg E —— 40 deg
—75deg ——30deg
—60deg ——20deg
45 deg — 10 deg

10 Mamantiim

Transverse Momentum Resolution Transverse Momentum Resolution

—— 90 deg —— 40 deg
—— 75 deg ——30deg
— 60 deg ——20deg
45 deg — 10 deg

T‘rgnsverse Momentum, Gta\)/gZ T‘rgnsverse Momentum,
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Full G4 Simulation Performance

BARREL

R-phi vtx Resolution

——90 deg

—— 75 deg

o r-phi vtx,u m

—— 60 deg
——45deg

FORWARD

R-phi vtx Resolution

—— 40 deg

—— 30 deg

——20deg
—— 10 deg

2

10
Resolution

——90deg

— 75 deg

G zvixum

—— 60 deg

45 deg

1
Resolution

—— 40 deg

——30deg

——20deg

10 deg
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Momentum, Gev}c02

Momentum, Gev}coz
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Full G4 Simulation Performance

BARREL FORWARD

Theta resolution Theta resolution

3

——90deg E ——40 deg
——75deg —— 30 deg
—— 60 deg ——20deg

45 deg — 10deg

o angle, rad

T T TTTT,

T TTTTTT

10 ? 3 10
i Resolution i Resolution

2

—— 90 deg —— 40 deg
—— 75 deg —— 30 deg
—— 60 deg ——20deg

—— 45 deg ——10deg

T TTTT
T TTTTI
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lll. Cluster Timing

,, From the ordered sequence of
drift tube the electrons arrival times, : acquired reconstructed
! considering the average time ' signal signal
separation between clusters
and their time spread due to 1 oom ’
diffusion, reconstruct the most

|
¥ * |
probable sequence of clusters \ k \
drift times: , [ V" "w

For any given first cluster (FC)
drift time, the cluster timing
technique exploits the drift
time distribution of all
successive clusters {'} to _
determine the most probable - o3, First
impact parameter, thus ! /

reducing the bias and the

average drift distance

resolution with respect to

those obtained from with the

FC method alone.

Legend
w2
MPS
First cluster
— ailemating 2.

Average_algo - b_ma) [mm)
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lll. Cluster Timing: exploit signal digitization

|deal case: drift tube Digitized signal (1 GHz, 2 GSa/s) Real case: drift cell

ionizing ~ integration time
T

tO tfi rst

| At i recor!structed
J‘ signal
|

‘g i
W,

drift tube

1

t

max

t..—t=afewnsatsmallt, t,, —t=afew x 10 ns at large t,

t..x constant in ideal case (slightly depends on track angle in drift cell case)
At < t__, ., duration of digitized signal, depends on impact parameter b (t;, ;)
N, depends only on At (or b, or t; ) in cylindrical drift tube case

N, doesn't depend on b in square drift cell case, but only on the track angle

i,ast constant in the ideal case => defines the trigger time t, =t = t, .«
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. Cluster Timing: exploit signal digitization

Ati'(i*ﬂ of electrons VS ti time distance between different cls time distance of electrons belongings to the same cluster

h21
Entries 5896806407
Meanx 0105
Meany 648
RMS x 0.04607
RMSy 10.03

2 1
Entries 1343456 E Entries 407050
Mean 18.04 Mean 3.098
ti+1 ti

RMS 18.84 RMS  2562]
i=1, N,

(same cluster)

Aty 8]

TTT

ti+ - t

e

1
i=1,N,

T
TTTT T

2
|

TTTTTT[TTTT T

\

Ll‘x i P PR FREE ST PR P Saee
10 20 30 40 50 60

80 90 1 70 80 90 100
us At clusters (ns) Ate- same cls (ns)

T[T [ TTT T TITT [ T [T I TT

=

| el Lo Lo Lo L
40 60 80 100 120 140

N
3|

0.14 016 0.18

Time of arrival of the last cluster Time of arrival of the last cluster [ G.. VS N
to

hits

0 2 4 6 8 10 12 121uml%%r of 1%0 hMZSOtN

| L [ T T | LU ] L | TTT | LB [ 1T | TTT | L [ T 1T | TT ItraCks
x?/ ndf 4.756 / 11
12 Prob 0.9424
pO 0.09511+ 0.1185
10 p1 50.23 + 1.397

rac -
Tlmsofarrivsluﬂan } Time of arrival of the last cluster o- t I of N t
\ b

t

ack

PN

Pt

o o e Lo Lo Lo Loy Laay
200 400 600 800 1000 1200 1400 1600 1800 2000

Al L. \
Llos] 2 . Nuh i t S
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. Cluster Timing: exploit signal digitization

Aty ) Of electrons VS

h21

g
S

=
=

~
3

3
3

a
3

Entries 5896806407
Meanx 0105
Meany 648
RMS x 0.04607
RMSy 10.03

0.14 016 0.18
us

time distance between different cls

time distance of electrons belongings to the same cluster

TTT

o

T T [ T T [T ]

2
Entries 1
Mean
RMS

343456
18.04
18.84

ti+1_ti
i=1,N

ele

e

\

T[T TTT T T T T [T T

(same cluster)

RMS 2562

1
Entries 407050
Mean 3.098

80 90 1
Atclusters (ns)

1\N_L.1.H\ U I P I DU B
10 20 3 40 5 60 70 8 90
Ate- same cls (ns)

100

cluster separation

%
|
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| PN I I
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N
3|
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Time of arrival of the last cluster

Time of arrival uﬂanl
\ —
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[
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Number of 100 hits t
14 16 8 ZON(

1
|||||||||||||||||1|||||||||||l||||||||||||||traCks

12
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Track filtering!
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V. Cluster Countinc

(0]

(dﬁg) =041-n"" (L, [m] P [Ulfm])_o'32 versus M#@zlm )‘”2

(dN,, / dx)

from Walenta parameterization (1980) from Poisson distribution

dE/dx dN_/dx

truncated mean cut (70-80%) reduces 6.,=12.5/cm for He/iC,H,,=90/10
the amount of collected information and a 2m track give

n =112 and a 2m track at 1 atm give o=2.0%

c=4.3% A small increment of iC,H,, from 10%
to 20% (6., = 20/cm) improves
Increasing P to 2 atm improves resolution resolution by 20% (o =1.6%) at only a
by 20% (o =3.4%) but at a considerable reasonable cost of multiple scattering
cost of multiple scattering contribution to contribution to momentum and angular
momentum and angular resolutions. resolutions.
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V. Cluster Countinc

The data shown refer to a beam
of uand it at 200 MeV/c, taken
with a gas mixture
He/iC,H,,=95/5, 6 ,=9/cm,
100 samples, 2.6 cm each at 45°
(for a total track length of 3.7 m,
corresponding to N = 3340,
1/VN, = 1.7%).

Setup:
25 um sense wire
(gas gain 2x105),
through a high BW preamplifier
(1.7 GHz, gain 10),
digitized at
2 GSa/s, 1.1 GHz, 8 bits

(NIM A386 (1997) 458-469 and references therein)
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1§

10000 15000 20000 25000 30000
pC

dE/dx

100 samples 3.7 cm

theory:
(o0 =0.41 n"043 (L[m]P[atm])0:32)
o0=3.7%
= 2.00 separation

experiment
20% truncated mean
o=4.5%
= 1.40 separation

88888388

T 20 40 60 80 100

X/nal S431 kN

£ TGonstont 8257
/| Been

f Sv& 84.60

>

10f

dN_/dx

theory
Poisson distribution
o=17%
= 50 separation

experiment
o=25%
= 3.20 separation
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