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Road to proposal

* Ancestor chamber: KLOE at INFN LNF Dagpne ¢
factory (commissioned in 1998 and currently
operating)

e CluCou Chamber proposed for the 4t"-Concept at
ILC (2009)

* |-tracker chamber proposed for the Mu2e
experiment at Fermilab (2012)

* DCH for the MEG2 upgrade at PSI (under
construction at INFN and to be commissioned
during spring 2017)
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"Traditional" Drift Chamber

A cylindrically symmetric gas volume with (para-
)axial wires defining a strong electric field, strung
under mechanical tension for electrostatic stability
and fixed at their extremities to the end walls by
means of feed-through.

CONSTRAINTS:

« The end walls, holding the feed-through (which Ilimit the
chamber granularity), the FE electronics and the relative
cabling, must be rigid enough to transfer the load due to the
wire tension (of the order of several Tons) to the outer
cylindrical wall, without deforming.

 The inner cylindrical wall, usually, does not bear any load, to
minimize the multiple scattering of incoming particles.

« The gas tightness relies on the hermetic properties of all

surfaces and of all their relative joints.
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The KLOE Drift Chamber

Mechanical and construction characteristics

Outer radius

Outer panels thickness
Inner cylinder radius
Inner cylinder thickness

End-plate radius of curvature

End-plate thickness
C-fiber X
Maximum length
Minimum length
Number of drift cells
Number of wires
End-plate wire load

1980 mm
39.0 mm
250 mm
1. mm
976

9 mm (0.03.X)
26.7 cm
3320 mm
2800 mm
12,582
52.140
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Drift Chamber "Innovations"

1. Separating gas containment from wire
support functions

2. Using a larger number of thinner (and
wires)

3. No feed-through wiring

4. Using cluster timing for improved spatial
resolution

5. Using cluster counting for particle
identification
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Gas containment and Wire support

Gas envelope

F.E. electronics

7\V

Gas containment

Wire support
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Gas envelope can freely deform without affecting
the internal wire position and tension.

Wire cage structure not subject to differential
pressure can be light and feed-through-less.

WG11 Detector Design Meeting 7



Example: The Mu2e |-Tracker proposal

Gas Envelope

A structural multivariate analysis software
(ModeFrontier®) has enabled to find the
optimal shape for the profile of the end

Initial model Optimized model

plates by minimizing maximum stress and Maximum stress 357.5 MPa 58.7 MPa
Stress On inner Cylinder Stress at inner boundary 267.4 MPa 26.6 MPa
Safety factor 0.783 4.44

ANSYS ACP® has chosen the proper
unidirectional prepreg to form ply,
draping of the laminates and flat-wrap
of the optimized model

Solve buckling problems
of inner cylinder by

increasing the moment of End plates Inner cylinder
| _nertla with use of proper 4-ply 38um/ply 2 C-fiber skins, 2-ply,
light core composite orthotropic (0/90/90/0) | C-foam core, 5 mm
sandwich 0.021 g/cm? 0.036 g/cm?

5% 10 X, 9% 104 X,
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Example: The Mu2e |-Tracker proposal

Wire cage (conceptual)

strut “L” shaped
end ring

. tieerod
struts Il /screws . if

stays

active wires

area
end-plate /
membrane /

/
spider web: i i
spokes and stays stiffening P ﬁ‘

polygon
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Verification of validity of principle

ANSYS
FEM
analysis

Force on the spoke ¥
245.25 N

scale 1:1
model
to verify
validity
of principle
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Wire Cage

« This scheme does not require wire feed-through thus
allowing for denser wire spacing, i.e. smaller cells (finer
chamber granularity) and for larger field to sense wires
ratios.

« Larger field to sense wires ratio and, therefore, thinner
field wires, help reducing multiple scattering contribution
and total wire tension on support structure.

« Large number of wires and small cells, however, require

complex and cumbersome assembly procedures, which
call for a novel approach to the wiring problem.
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DC stringing: the old way

The Old Way The KLOE Drift Chamber

The Three Moipau (Fates) . .
45m3 >52,000 wires He/iC,H,,

B

Aa | sotf

=
c—

| | | 2 L ¥
S0 ol .
E ;.-—W S .
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DC stringing: the novel way

KLOTHO ATROPOS LABIRINTH
Spinning the thread Cutting the thread ) The Extraction System
coil, clutch, wire spool laser solder system o

LACHESIS THESEUS
Winding the thread = The wire handling
cylinder, wire PCB system
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MEG2 DC EndPlates

end-plates sense wires
PC boards
spokes (16 cells)
structural
removable
shaft

wire tension
compensating
wheels

fiducial
reference
edge

NC machined
peek spacer
(% cell thick

1 sector wide)
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MEG2 DC Wiring

Aligning the wire N\ £+ . Winding the
PC board on the - wire on the
spinning drum - spinning drum

o

Wire tension set up with a real time strain gauge
feedback system on the spooling el. mag. clutch

o Wire Tension distribution
Entries 5243
Pad image s F niean 2458
= = RMS 0.5679
reCOgnltlon é 1200 constant winding speed %2/ ndf 977.7 /55
& F 32 wi Prob 0
and contactless ® ool vires Conviant 1144247
C Mean 24.53 +0.00
IR laser 3 Sigma 01508 + 00025
o C
soldering :
600~ deceleration phase acceleration phase
C last 2 wires first 2 wires
400— (discarded) (discarded)
200 }
: | L | 1
% 22 23 24 25 26 27 28 29
‘Wire Tens [g]
Mean Wire Tension vs loops of Anode Mean Wire Tension vs loops of cathode
= ¥ [ 34057 5 - [%F7nal  B8361/14 |
Dol ;acm 0.0033 g, field F'Elub 6.01e-012
E j 16 Sense Wires 24.25 + 0.002¢ E : 16 ie wires P 29.34 £ 0.002237
dual safe " o
0 4 L |8
soldering TR, P . ; bt
. | DU P O S P
: FR L S T ¥
N 4 t 2 3:— ¢ 4
01lg . ?5:_ 01lg
24,15 E
2 6 ; 0 2 ‘Ilson @ 0 2 6 8 0 2 'MD‘I:%\
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MEG2 DC erlng

Lifting the wire
PC boards'with

Constant  0.8804 £ 0.05305
Moan 80.1% )‘042

: 434

Af P'ob 0003153

[mHZ] *I t Smsri: fss 01

2 ol 14.72/3 P
Proby 0002073 s
f PO 89104005 + 3387 . /
pl 464.8 +0.1761 e

2500

2000}

1500
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Stormg the multi-wire Iayers
for visual inspection and
wire tension measurement

Chamber accuracy

stereo angle < 35 prad
wire position on PCB pad < 25 pm
cell width (wire pitch) < 1pm

cell height (spacer) < 50 pm
wire tension < 01g
PCB offset vs spoke < 50 pm
chamber length < 200 pm
16



MEG2 DC Assembly

wire PC Boards
are lifted up by
adjustable arm ...

... and presented to
the end plates moved
closer by a few mm

A pressure At completion of each layer (12 sectors), the end plates are
moved away to the nominal length. The layer radial

sensitive tape
P coordinates and the tension of all wires are then measured.

holds them in

the correct After last layer has been mounted, the outer structural
position above carbon fiber cylindrical shell is placed and the inner shaft
is removed. The end plates are sealed, the inner mylar

the peek spacer.
P P cylinder is mounted, together with the extensions for the FEE
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MEG2 DC Spatial resolution

Single-hit resolution measured
with three different prototypes.

Results are all in agreement,
yielding a resolution of about 110
um averaged throughout the cell.

Further improvements expected
thanks to the implementation of a
wide bandwidth front end
electronics allowing for the
exploitation of the cluster timing
technique.

Intagrated on all impact parameters

- %?/ ndf 127.7 1 31

o = 106 pm
(He/iC,H,, = 85/15)
arXiv:1605.07970

A 1099 + 12.7
8 -0.01546 = 0.00157
o 0.1062 = 0.0016
o 0.07781 + 0.00310
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MEG2 DC Expected Perf.

single cell rate per cm along wire from Michel Events at 7e7
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MEG2 DC Expected Perf.
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lonizing
track

drift tube

extreme solutions
as defined by the
first cluster only
I
real
track

t¥¢
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Cluster Timing

0.025

From the ordered sequence of 1‘ ;

the electrons arrival times, 002 gegired reconstructed
considering the average time oous! r signal signal
separation between clusters s ‘5 : :

and their time spread due to 2 ooy 4

diffusion, reconstruct the most £

probable sequence of clusters " N N W

drift times: {#'} i=1N, UM L RN LS RN
0. m_‘? i g 1 6 1 2
time [s] x 10
For any given first cluster (FC) T I ,
e as " E L BIaS {Legend
drift time, the cluster timing T e )idy> ! A2
technique exploits the drift "é ag —— MPS
time distribution of all T oal First cluster
. Ci % - —_— | i
successive clusters {t,- ! } to § [ 2 femat'nq A
S’ -

determine the most probable 03
impact parameter, thus
reducing the bias and the
average drift distance
resolution with respect to
those obtained from with the

%

W oo

i

0.2

First
Cluster

OO

FC method alone.
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Cluster Counting

160 0E
Thanks to the Poisson nature of the ionization process, by 10 - | 60 d E/dX
counting the total number of ionization clusters N_ alon 3 0
the trajfctory of a charged track, for all the hit ceIIc.l, oneg lzzg @ o ’ K Bt e oy
) ) AN ’ ol % ;[ (0[%]=40.7 n0-43[m]032)
can reach a relative resolution of N /2, ‘“’fJ mf o =3.7%
mEl 3 }“H e = 2.00 separation
100 00 ‘ ‘1250“‘5‘00‘“ I'ISK;HW‘OOO‘ OD H‘ZSOHSDSHITS(; *1I00(‘)‘
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. . . . pe . [ | o \ - &
h!g_h.bandvyldth (1.7 GHz, gain 10) prear’qp.llfler, is op o '\. o | ? ~ 3.20 separation
digitized with a 2 GSa/s 1.1 GHz, 8 bits digital scope. Fo) | Pions - | Muons
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"Innovative DC" advantages

* Gas containment — wire support separation and feed-through-less wiring

— allow to reduce material to = 10 X, for the inner cylinder and to a few x 102
X, for the end-plates, including FEE, HV supply and signal cables (Mu2e
proposal design: 1.5x103 X, and 8x1073 X, respectively).

* Feed-through-less wiring

— allows to increase chamber granularity and field/sense wire ratio to reduce
multiple scattering and total tension on end plates due to wires

* Cluster timing

— allows to reach spatial resolution < 100 um for 8 mm drift cells in He based
gas mixtures (such a technique is going to be implemented in the MEG2 drift
chamber under construction)

e Cluster counting

— allows to reach dN_/dx resolution < 3% for particle identification (a factor 2
better than dE/dx as measured in a beam test)

Recipe for cluster timing/counting in He based gas mixtures:
FEE: 1 GHz BW, x10 gain (S/N ratio = 8) - digitizer: 2 GSa/s sampling rate, >8 bits
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MEG2 DC Front End El.

+Vs
; Rf+ R20
pre-emphasis 2 % —
— VWA A— n
1F Rg2+ Ri2+ = Cl1—= cC12
—W WA L L
u4 "0 Y N
R wire  C13 Rg+ uf] ®} THS4509
fb- Vecec Ro-
H Wy 2 H+ out = cs o+ vr ° d-

g

+ 4
D4 D5 R_matgh 8 +vs/2 6
\ﬂxg Rg- Vi CMm R_probe
3F out-7 = 1.
V_sign BAV18 BAV1 o+ Vee 0 V- Ro+ 100
d+H
L — ADA4927 R16 - MWV
=y C3 Rf-
I V-
. I

o ~o o 0 | AW W VW
L s w
s v © Current
. 3 v consumption Q _I_I cs _I_l cto e
’ per channel: v 070 immunity
20 wsies wEE o 50 mA at +2.5V
l l (500 W/end plate)
"0 "0 "0 "0
Op-amp ADA4927 first gain stage: low noise, THS4509 second gain stage and output
ultralow distortion, high speed, current driver: wideband, fully differential op-
feedback differential amplifier achieving wide  amp, very low noise (1.9 nV/VHz),
bandwidth, low distortion, and low noise extremely low distortion, ideal for pulsed
(1.3 nV/VHz) and low power consumption. applications.
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MEG2 DC Front End El.

CH1 Rch loa MAG

5 dB/ REF @ db

S0 [ ;..,,.N_.o.‘prgfemphas;s‘; .................... L
h_ _ ....... _._. ....... ......
IF 61 48 khz ‘ ~PONER -20 dBm _ SWP__45.12 msec
START 188 kHz STOP 1.8 GHz

N SWP PARAM TAL

0 20.000746432 MHz 26.364 dB

1 387.431573185 MHz 27.042 dB
Peak2 | 484.430980668 MHz 29,955 dB
BW 3 [7o0.c006/307¢ 0z | 23.666 dB

4 oUd. foo00 /493 NH= 19.788 dB

SHIELD {1}

. / /SHIELD {2}

\ 4 JACKET
/
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21.236 dB

26.3649 dB CH1 Rch log MAG
[ l.2@,@PE746432  MHz : LELE

5 dBS REF @ dB

-opfd :

Pl 23.BPE465352 I MHz

Lo

IF BH 48 kHz

START 188 kHz

N

SHE PARAN

20.000465352 MHz
554,109452707 MH

899.74895028 MH=

1.099455926016 GHz

POLER -38 dEm

a1

VAL

.236
a7,
22,
18.

458
206
203

SHP 45.12 msec
STOP 1.8 GHz

db
db
dBb
db
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MEG2 DC Front End El.

—

Sublayer Radius
21 275,000
19 266,146
17 257,576
15 249,283
13 241,256
11 233,488
a 225970
7T 218,695
2
3

211,653
204,838

17 October 2016 WG11 Detector Design Meeting 26



MEG2 DC Read Out

latest DRS (PSI) version
w5 o oo

Matchng/Protection (Gain Line Driver Line Receiver/ADC FPGA

More generally, in a large DCH (60,000 channels, 30% occupancy,
1 us drift time, 2 GSa/s - 12 bits digitization), at a 5 kHz trigger rate,

expect: > 100 GB/S!
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Clu-Tim/Cou Read Out

FPGA

DRIFT CHAMBER
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How long a drift chamber can be?

Gravitational sag

2
wire L along x-axis, f force per unit length along y, T tension of wire |fXdx = —)Z/dx
T
f independent of x, parabolic solution |V = ax’ P y= —x° sag |d = iL2
2f 8T
prr £g0,

wire radius r, volume density p, gravitational sag | f = przgr b d=

8 &T1

Example:
L=2m; sense: 20um W(Au), T=27g; field: 40um Al(Ag), T=17g; guard: 50um Al(Ag), T=26.5g

d,. =110mm| |0, =110mm| |4, =110mm

sense
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How long a drift chamber can be?

Electrostatic stability

Simplified model of a wire of radius R at voltage V,, placed between two parallel grounded
planes at distance W/2 from the wire

linear charge density | f = 2pev assume a wire displacement A towards one plane
%{Z}WO
2
e 2R g f= 2C°Vy 0 D
,DEW
2pe
cap. per unit length |C = 222
>F ° E{2} 8 d:BLTLZ:f V;;/ZD
e
g 2R ¢ 2
d C*VZL?|  stability
perfectly symmetric geometry | =0 B <l=T1> 4,06’W2 condition
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How long a drift chamber can be?

Electrostatic stability: a numerical example MEG2

20pm W sense wire, V,= 1500V, W = 7mm, L =2m, T = 0.25N

linear charge density

cap. per unit length

I=1.3"10"%Coul I m

C=8.5pF [m

sy [T7>0.12N

increase sense wire diameter to 50um, T = 1.56N, for the same gain (same A) need V,=1750V

C=99pFIm f=22"10°N d=7.0mm

17 October 2016

assume a wire displacement A =50 um

or

£=12"10"°N

a=

24 mm

L <2.8m

T>022N

drawback:

multiple scattering and force on end plates increase by a factor 2.52
(Ti(Sn) instead of W(Au)? to regain a factor 4 in mass and 10 in X,)

WG11 Detector Designh Meeting

or

L <5.3m
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A proposal for FCCee

* 112 para-axial layers at alternating sign stereo angles, arranged in 16 equal azimuthal
sectors;

* 32 square, single sense wire, drift cells per sector (512 total per layer) increasing linearly
as a function of layer radius;

* Cell sizes ranging from 6.3 mm to 25 mm from inner to outer radius;

* Alternating sign stereo angles in consecutive layers ranging from 40 to 160 mrad
(constant azimuthal angular displacement)

* Length: 5000 mm; fully efficient up to cos® = 0.97 (>16 hit)
* Inner Wall: made of 25 pm of Kapton plus 0.1um of Au (1.2x10* X;) at Radius = 500 mm;

* Outer Wall: Sandwich of 8-ply C-fiber (0° and 90°, total of 250 um) - 2.5 mm Rohacell30 -
8-ply C-fiber (8.0x1073 X,) at Radius = 2060 mm (must support 20 Tons - check for buckling
over 5 m);

* End plates:

* Wire cage (in analogy to Mu2e I-Tracker):
0.9 g/cm? - 3x102 X, (incl. power distr., decoupling C's, term. resistors and signal and
HV cables).

* Gas envelope made of 8 ply (quasi-isotropic, 10x38 um = 380 um) C-fiber plus 0.3 pm
Au, for a total of 0.090 g/cm? —3.0x103 X,;

* Gas: 90% He - 10% iC4H10 (6 = 4x10* g/cm3, X, = 1410 m), - 12.5 p.i./cm, gas gain: 4x10°
at V= 1700 V on 50 um wire, vy ~ 2.5 cm/ps — 0.47x1073 X,/1m track

* Wires: - 57,344 sense (50um Sn coated Ti); 290,816 field and guard (100pum Sn coated C);
for a total equivalent thickness of 1.34x103 X,/1m track
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Expected spatial resolution

Expected Performance: Track parameters resolutions

n=112,B=2.0T, R,

=2.05m,L=3.0mor 5.43x103 X,, O,y =100 ym, 0, = 1.0 mm

measurement multiple scattering (gas + wires)
Dp. _ 855 . Dp. _0.0523[GeV /] [L _5.5x10"[GeV /]
D _.BBLZ\/ZPA_MXlO pA[GeV/C] D~ bpBLsing X, bpsing
-3 -3
DF = 4\/55 = 24.0x10° Dﬂ):13'6X1O [GeV/c]\/Tzl.Oxlo [GeV/c]
R ~In bp X, bp
-3 -3
Dg= \/78 1+tan’q _ — 9 1x 10_41+’[an q Dq:13.6><10 [GeVic] | L :1.0><10 [GeV | ]
R ~Jn tan’g tan’ g bp X, bp
Dp. 4. Dp _Dpa D _
Pr=58x10%; L="Pr@ -1 =61x10"
p’\ p p/\ tan q
for p=10 GeV/c and g =45°
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Expected spatial resolution

17 October 2016

Drift Chamber resolution (theta = 45)
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Expected spatial resolution

1 E-0E
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Drift Chamber resolution
(pion momentum = 10 GeV/c)
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Expected p. id. capabilities

Particle separation (3m track)

(cluster conting efficiency = 80%)
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Particle separation power as a function of
cluster counting efficiency for 2m tracks.
Cluster counting outperforms dE/dx for
counting efficiencies as low as 20%.
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GdE/dX/d E/dx =

= 5.4 L[m]037 9%

(Lehraus parametrization)

3.6% for L=3m

cluster counting efficiency

e =80%
GdNC,/dx/de/dX -

= gxLx12.5/cm =
1.8% for L=3m

Particle separation vs cluster counting efficiency
(3 m track)




Conclusions

We propose for FCCee an innovative tracking system based on a

"ultra-light drift chamber with peculiar particle identification capabilities"
using cluster timing/counting techniques.

It consists of a full stereo, single sense wire, square cells:

— R,,=50cm; R,,; =205 cm; L = 500 cm; 112 layers x (6.3 to 25.0 mm); 57,344 cells; >16 hits down to
cosV = 0.97; stereo angles ranging from 40 mrad to 160 mrad;

— Inner cylindrical wall: 1.2x10 X,

— Outer cylindrical wall: 8.0x103 X,

— End plates (fully instrumented): 3.3x102 X,

— Gas + wires: .47x103 X,/1m track + 1.34x10°3 X,/1m track

Expected spatial resolutions: o, <100 pm, 0, <1 mm

Expected momentum resolution: Ap/p = 4.9x104, A9 = 0.9x104, A = 0.5x10*for
p =10 GeV/c and O = 45°

Expected p. id.: t/k separation > 3¢ for p < 850 MeV/c and p > 1070 MeV/c
At current status of the art no need for major R&D
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