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The outline

The drift chamber

o 1. Vacuum pipe
© Simulation in ANSYS 2. Inner tracker
L 3. Drift chamber
© Optimization of cell .
structure 5. Calorimeter
© Momentum and dE/dx 6. SC magnet
resolutions 7. Muon system
@ The small prototype of
DC
e Summary 5.6x5.6x5.3m3
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The Super c-tau fac

The main tool for researching the subatomic world is accelerators of
charged particles

Currently, the project of Super C-Tau Factory is being developed at the
BINP:

Provides opportunities:

@ to study the c-quarks and 7-leptons birth
processes;

@ to search for exotic particles.
It will:

@ work at energy range from 2 to 6 GeV ;

1
cm2xs

@ have luminosity about 10%°
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The drift chamber

@ Shape - hexagonal

@ 41 layer are divided into 10
superlayers

@ Average radius ~ 7 mm

Gas mixture - STEREO
He/Cs3 Hg — 60/40

® signal 25mkm | 10 903]

Gas gain ~ (5 —7) - 10% Srits | 1

Voltage ~ 2 kV
Drift time ~ 350 - 400 ns
o ~ 100 ym

OdE/dx
dE/dx ~T%




Characteristics of similar drift chambers

Characte- Detector |
{ ristics | CLEOI BaBar [ BESIHI Bellell [ SCTF |
B, T 1.5 1.5 1.0 1.5 1.5
Necells 9796 7104 6796 14336 10903
Shape Square Hex. Square Square Hex.
Anode
wire W 20 W 20 w25 W 30 W-Re(3 %) 25
d, mkm
Field
wire Al 110 Al 120 Al 110 Al 126 Al 100, 125
d, mkm
Size 12 x 12 TX7
mm X mm 14 x 14 18 x 12 16 % 16 10 x 10 ~ 14 x 14
Gas He/CgHg HE/iC4H10 HE/CsHS HS/CQHG He/CgHg
mixture 60/40 80/20 60/40 50/50 60/40
Vinode, B 1900 1930 2200 2300 ~ 2000
T/D, B
ns//mm ~ 300/7 ~ 500/9 ~ 350/8 ~ 350/8 ~ 350/7
oo /D % 0.32 0.48 05 - ~0.35
Car a5 57 75 6.0 ~6 ~6.9
o, pm 110 120 120 ~ 100 ~ 100

The article has been published:

https://doi.org/10.1016/j.nima.2021.165490
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The inner/outer tube

INNER CYLINDER

Axial load: 40% of 5.9 tons

Load multiplier (nonlinear): 7.3104
Operating gas pressure: 30 mbar
Deformation, mm:

. 1.0725 Max
0.95337

OUTER CYLINDER

Axial load: 60% of 5.9 tons
Load multiplier (nonlinear): 13.992

Deformation, mm:

0.8342 . 1.0626 Max

0.71503 0.94454

0.82647
| 0.59586 07084

0.47669 . 059033

B 035751 047227
B 03542

0.23834 023613

I 0.11917 I 011807
0 Min © Min

0.00 500.00 1000.00 (mm) X e s 100000 z
I I 25000 75000 (mm) x

250.00 750.00

The inner tube simulated in ANSYS The outer tube simulated in ANSYS

@ To facilitate the wiring the outer tube is provided with 24 windows
@ The DC has a cylindrical shape (CFRP material)
e The wall thickness is 0.9 mm/4.5 mm (X/Xq = 0.46%/2.1%)

@ The load of wire tension 2.36 t/3.54 t (maximum deformation is
about 20 xm/80 pum)

Stability safety factor is about 7.3/14
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The endplate

Tension load: § 900 kg Boundary conditions:
Piate thicknoss: 13 mm simply supported contours o fixed piers
of Static ol 13 E Endplate flexure
P2 Copy of St Struchmd Endplate € o0 Quasi-isotropic CFRP B comtrwran
flexure s O2F NIKAM-RS / M55)
E = ===+ with holes
g -04f-
&
08+
-0
1.2
1.4
Total tension load 5.9 tons Y 16f
x =
e =
8
oo 45000 50000 () E
— z H

2500 67500

The endplate simulated in ANSYS

N
S
8

300 400 500 600 700 800
radius, mm

Endplate deformation as a function of
radius

@ Holes drilled in the endplate result in an increase in flexure of about
10%

@ The endplate is flat

@ The thickness is 13 mm (material CFRP, X/ Xy = 5.9%)

@ The full load is about 5.9 t (maximum deformation is about 1.6 mm)
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Gas mixtures

.G:s Ratio Xo, Nlp' ‘i‘fnr g,i Experiment
mixture m e I NG
He/iC4H1o | 80/20 | 807 | 21.2 | 2.79 | 141 BaBar

He/iCysH1o | 90/10 | 1313 | 12.7 | 2.31 | 162 Kloe

CLEOI

He/CsHs | 60/40 | 569 | 31 | 3.06 | 133 —
He/CyHs | 50/50 | 686 | 22.9 | 3.52 | 142 Belle
€/t2He e Bellell

He/CH, | 80/20 | 3087 | 7 | 254 | 172 Kloe
Ar/CyHs | 50/50 | 178 | 34 | 527 | 143 | CLEOIl
He/DME | 70/30 | 678 | 21 | 1.12 | 123 -

Characteristics of different gas mixtures at B=0T, E =1 kV/cm
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Optimization of cell structure

@ Due to imperfections of
hexagonal shape = deviation of
the electric field from
cylindrical symmetry at the wire

@ Solution = cells structure
optimization

Distortion of cells from hexagonal shape

9/18



Optimization of cell structure

@ The development of cell structure was carried out sequentially layer
by layer. The wire positions in the cell were optimized for each layer:

VJ(B— R9)2 + (R~ R3)2 + (Ry — R3)?

oo E & i —3— R=6.306[mm]- 1 layer 4 .
¥ L — —3— R-6641 [mm] -2 layer ideal
- —F— R=7.165 [mm] - 3 layer —— real
— 35— R=7546 [mm] - 4 layer R/2
3 5
R irp
210
Ry
2|, 6
R

6 62 64 66 68 7 72 74 76 78
R [mm]

Dependence of f as a function of R for the first Definition R, Ry, R3

superlayer
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Momentum and dE/dx resolutions

The toy simulation of pions flight through DC was performed;

2135 A
£ — - 1GeVe =
F \ weees p=0.7 GeV /e kN
P

ost e

30 4 5 6 7
6, degre 05 1 i5

25
b, GeVe

Momentum resolution as a function of
polar angle

Momentum resolution as a function of full
momentum

dE/dx resolution 04 /4, ~ 7% was estimated from CLEO dE/dx
resolution and comparable with Belle(6.9%) and BaBar(7.5%)
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The small prototype of

@ Diameter - 70 mm /
@ Length - 300 mm

@ 7 hexagonal cells

@ The spatial resolution measurements Trigger system

have been performed at the

He/C3Hg — 60/40 and

He/C2H6 — 50/50 gas mixtures at °'a

different gas gains °e.°
Q00

|

Layout of cells in the prototype

Prototype photo
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Program of charged particles track reconstruction for the

small DC prototype

Track is parameterized: zsin(¢) + ycos(¢) —a =0
A
y

All possible tangent tracks to isochrones are
sorted out and the most suitable one is
selected.

Next comes the numerical search: 5
R:(a,p)—r;
2a,¢) = 3o L)
202.
rae Ri(a, d) = |z;sin(¢) + y;cos(¢) — al

Tangents between circles

13/18



Simulation of the calibration procedure

3
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. o4
‘ﬂe; -  —ra—
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Spatial resolution measurements

ire e Wire Wire M 3

<= Time spectrum from
each wire at the 5-10%

" channets’ gain (H6/03 Hsg,
maximum drift time is
around 170 ns)

Channels Channels Channels

B
& os—
Dependence R(t) in F
experiment at the 7 - 104 “F
gain (He/C3Hg) = 0e-
01—
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Spatial resolution measurements

Total resolution
. e — IR Cluster effect
= 4 Experiment E B Constant
I = 140 Diffusion component
G ® Simulation S aof, — - Edge effects

T T T T T TIRF

05
R, [em]
Contribution of each component to

Full spatial resolution for He/C3H8 mixture .
resolution

J(T) = \/Ugl + O-ng + O-zdge + O-(%

o, - cluster effect, Odif - diffusion component, Tedge - edge effects, o
- constant (contributions from electronics, wire arrangements, pressure,
temperature)
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Spatial resolution measurements

A HB/Cng [ ]

o, [um]

130? A H@/C:;Hg ] E wzug
* ° He/C’QHG e

8 8 2
frerTrT
e
e
e
.
e
3 g
L A R LA B R

10
Gain -10*

0‘5
R, [em]
The average spatial resolution for

The spatial resolution comparison for He/C3Hg and He/CoHg at the different
He/C3Hg and HE/CQHS at 7-10%

gas gains
For He/CqHg:
& =109 + 12 um at 2 - 10% For He/CyHg:
&=100+8 um at 3-104 5=99+6 pmat5-10%
6:95:|:9,umat5~104 5:95:t8umat7-104
& =89+8 umat7-10% & =090+7 um at 10°

& =877 um at 109
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A simple detector design with competitive characteristics is proposed

@ The preliminary calculation of the DC construction has been
completed in ANSYS

@ Momentum resolution and dE/dX resolution have been simulated

@ Measured the spatial resolution on the small DC prototype for
He/CgHg and He/C9Hg gas mixtures at different gas gains

@ Our results show the possibility of achieving good accuracy
measurements in a small hexagonal cell in a He/C3Hg gas mixture

In the near future we plan to upgrade a prototype (increase
amount of cells from 7 to 19)

THANK YOU FOR YOUR ATTENTION!
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BACKUP
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The drift chamber

SUPER NUMBER | NUMBER OF NUMBER | STEREO CELL SIZE RADIUS OF
LAYER OF MONO- CELLS IN OF ANGLE, rtar, m ANODE WIRE
NUMBER LAYERS | NONOLAYER CELLS | mrad g LAYER, om
6.306 0.031 217. 306
1 1 125 50 | 0 D
0.
+33.8 .
2 1 157 628 o
-2 T
6.
6.
3 1 189 w6 [ 0
7.
+a8.9
1 1 223 892 o
- 49.3 ¢
5 5 255 1215 | 0
100 mkm
125 mkm
6 1 287 1148 |+ 63.1
7 1 313 1252 |- 63.4
8 1 341 1364 | 0
+ 6.7
9 1 371 1484
- 65.0
10 1 101 1604 | 0
TOTAL 41 10903
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Spatial resolution measureme

Total resolution
. e e [CPPPRRS Cluster effect
" 140 4 Experiment §_ n Constant
3 = Mo Diffusion component
S 120 ® Simulation (. — - Edge effects

T TT T T TITTT TT TR T
NN AR E RN AR RRRNRRPLS

05
R, [em]
Contribution of each component to

Full spatial resolution for He/C3H8 mixture .
resolution

o(r) = \/(rfigl )P + (p3y/r)? + (pae?™")? + pg
po — ps are free parameters

Parameter pg is a oo associated with contributions from electronics, wire
arrangements, pressure, temperature. It was found from quadratic difference

between the experimental and simulated data
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Gas gain in spatial resolution measurement (He/C5Hg

Events

Events

2. 104 gain

3. 104 gain

5104 gain
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Gas gain in spatial resolution

measurement (He/CyH

5. 10% gain
" h4
2 F e oo
g e e
H o
¥/ naf 37.87/31
- ot
Constat 1010005 8.560103
o w54+ 167
120 soma w03 2240
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10° gain
] hs
£ T oo
v
>
i
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oo osun
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o fheovens
Soma___ow202187
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7. 10% gain

2 h5
T Entries 10000
Y 250 Mean 1332
w Std Dev. 2258
¥ 3679125
200 Prob 0.06042
Constant 1.428e405 + 5.518¢403
Mean 1878 258
150, Sigma 2885+116

3
8
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18/18



Stereo layers

[ SCTF [ BELLE Il l[ BaBar ][ BES IlI ]
R Qstereo R Qistereo R Qstereo R Qstereo
mm mrad mm mrad m mrad mm mrad
280.154 +33.8 257.0 +45.4 - - 327.5 —30.68
290.136 —34.2 348.0 +45.8 318.5 +44.9 334.1 —31.31
405.941 +48.9 - - 370.5 —52.3 402.1 +31.41

416.040 | —49.3 476.9 | —55.3 480.8 | +55.6 4155 | +32.46
533.350 | +63.1 566.9 | —64.3 533.2 | —62.8 531.7 | —42.06
584.801 | —63.4 - - - - 583.0 | +40.37
689.948 | +64.7 695.3 | +63.1 643.0 | +65.0 676.3 | —41.62
730.775 | —65.0 785.3 | +70.0 695.2 | —72.1 - -
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