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Super Charm-Tau Factory

One of the main tools for studying the subatomic world are collider
experiments

Currently, the Budker Institute of Nuclear Physics is developing the
Super C-Tau Factory project

Which will allow to:

@ study processes of c-quark and 7-lepton
production;

@ search for exotic particle states.
Which will:

@ operate in the energy range from 2 to 6
GeV;

@ have a luminosity of about 10%°

1
cm2xs”
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Drift chamber project

Cell shape - hexagonal

41 cell layers, divided into 10
super layers

Average radius - ~ 7 mm
Gas mixture -

H6/03H8 —60/40

Gas gain-~ (5—17)- 104
Anode voltage - ~ 2 kV

Average drift time - ~ 350 -
400 ns
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Small DC prototype

50

@ Diameter - 70 mm top counter

@ Length - 300 mm

@ 7 hexagonal cells
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window

@ Spatial resolution was measured in
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Small DC prototype
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Block diagram of the prototype electronics
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Track reconstruction algorithm

Track parameterization: xsin(¢) + ycos(¢) —a =0

Search for the most suitable tangent lines.
Then a numerical calculation of parameters
in the vicinity of the found values is
performed

2
(R'(CL,¢)—7"'>
X2(a7¢)=:§:“l;“jf‘4L‘ﬂ
%
where R;(a, ) = |x;sin(¢) + y;cos(p) — al

N\

3

Tangent lines to two isochrones
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Track reconstruction algorithm
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Experiment simulation
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Spatial resolution measureme
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Spatial resolution measurement
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Spatial resolution measureme

—— Total resolution
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Spatial resolution measurement
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Comparison of resolutions for He/C's Hg Average resolution values for He/C3 Hs
and He/CyHg at gain 7 - 10% and He/C2Hg as a function of gas gain

The paper on spatial resolution measurement with the small
prototype was published in the NIM journal:
DOLI: https://doi.org/10.1016/j.nima.2024.169419
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Spatial resolution measureme

He/C3Hs (60/40) | He/C2Hg (50/50)

Gas Gain | N, 103 | T, weeks | N, 10% | T, weeks
2.10% 52 4 — —
3.10% 73 3 — —
5.10% 71 2 72 2
7-10% 84 2 97 2.5
10° 94 2 96 2

Experiment parameters. N — number of events used in the analysis, T — data
acquisition time

He/C3Hg (60/40) | He/C2Hg (50/50)
Gas Gain < o>, pm <o >, pm
2-10% 111 + 14 —
3.10% 104 £8 —
5.10% 98+ 9 102 £ 6
7-10% 92+ 8 98+ 6
10° 89+ 6 93+ 7

Experiment results
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Methodical works. The prototype developing

Wire structure design for the new prototype

@ Development of a second DC prototype with an additional cell layer for more
"correct"resolution measurement and for measuring resolution at different angles
using Srgq isotope is underway
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Methodical works. The prototype developing

Shell
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window

Volume with
operating gas
and wires
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. Grooves
T Gas inout (wall thickness 0.5 mm)
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6.3 min

FEEDTHROUGH

ENDPLATE

WIRES of stereolayer
|
field amax = 65 mrad
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Methodical works. The pins electrical tests

e £
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@ During charging from the HV, significantly less volume charge
accumulates in samples with PEEK pins compared to spheroplastic
material

@ In the case of spheroplastic, the initial leakage current after voltage
rise is about 2 times higher than in the case of PEEK, while the
exponential relaxation times of the current are comparable in both
cases

@ Absence of electrical breakdowns

@ The leakage current is equal to (50 & 10) pA for spheroplastic and
(20 + 10) pA for PEEK = (1 — 3) pA per cell
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@ The aging tests were done for He/C3Hg 60/40 gas mixture
measuring the average gas gain amplitudes with Fegg
@ The rate of aging test is (110 & 3)%/(C/cm)
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@ The spatial resolution has been measured on the small DC prototype
for He/C3Hg and He/C9Hg gas mixtures at various gas gains.
The average resolution is less than 100 pm

@ The new prototype has been developing with additional cell layer for
studying the systematic uncertainties in the spatial resolution at
different angles using Srq( isotope

@ The electrical properties of the two types (spheroplastic and PEEK)
of pins have been studied for using in the endplates. The average
current leakage is around (1-3) pA per cell

@ The aging test of the anode wire has been carried out. The rate of
aging test is about (110 £ 3)%/(C/cm).

Thank you for your attention!
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BACKUP
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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, on
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 measurements

TTonHoe paspewenue
J T e [ KnactepHblii acbcbekT
T 1wl A DKcnepumeHT S Koncrana
X B = oS Aundbb. komnonenTa
< 20— . MO,qu'IVIpoBaHme SR — - Kpaesble acpchekTbl
100~ mo;
80— au;
50?§ eo?
w0 a0
£ 20
20 £
E L L L L L
0.1 02 03 0.4 05 R
R, [em] » [ew]
- . Contribution of each component to the
Total resolution for He/C3 Hg mixture at X P )
. 4 resolution for He/C'3 Hg mixture at gain
gain 7-10 7. 104

— Po 2 2 2
olr) = \/(r+p1 )72 4 (p3y/r)* + (paeP")? + pg
po — ps free parameters
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inaccuracies, pressure, temperature. It was found by minimizing the quadratic
difference between simulation and experiment 19/19



Gas gains for He/C3Hg gas mixture
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Gas gains for He/CyHg gas mixture

CobbiTus
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Methodical works
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@ The aging tests were done for He/C3Hg 60/40 gas mixture measuring the
average gas gain amplitudes with Fess for the samples from Institute of Modern
Physics, Chinese Academy of Sciences

@ The rate of aging tests is (110 + 3)%/(C/cm)

@ Right top figure is a surface in the wire, the right bottom figure shows the

surface of a reference 25 microns wire
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CMD3 drift chamber project

One of the project for CMD3 drift chamber

1.1 BayrpenHss obGeuaiika

Buyrpennsa obeuaiika npexcrasisier coboit uumunap. Ilapamerps! muTun-
Jipa:
R, = 20. Mmm
Ry = 20.2 mm
Taxum o6pazom TosmmHa hi, = 0.2 MM.
Hnuaa s apa. L, = 440 M.
Marepuas HUIHHJIPA: YIVIEIJIACTHK.
X, yroemnacrika cocrapiaser XS = 22.2 cm (B amrepaType TakiKe BeTpeua-
orest X5 =24 emu X$FPR = 26.6 cm, B3sT0 KOHCEpBATHBHOE 3HAYCHNE).
Ha BHYTpEHHEIO CTOPOHY HUJIMHAPA IIPUKJICCHA ATIOMHHNEBas (DOJILIa TOJIIIN-
HOit h?ﬂl‘” =50 mxm ( Xg' = 8.89 cm)

2 Bmaeninsas oGedaiika

Bremmnsast obeuaiika npejcrasiser coboit nuaunap. Ilapamerps! nuanspa:
R = 297. mm
Roy, = 300. mm
Jusa muaaapa Ly, = 440 v, b, = 3.0 MM
Marepuasl HUIHHJPA: YIVIEIJIACTHK.
Ha BHelHeo CTOPOHY IMWINH/pA [PUKJIEEHA AJIOMUHUEBast (hOJIbra TOJIIUHOI
h;‘;ll = 50 MKM.

HeobxominMocTs HaHUUsST aTIOMUHNEBOi hoJbTH Ha obedaiikax GyIeT mo-
HATHA [10CJI€ HCIBITAHUA ¢ IPOTOTHIIOM, JIHOO IIOC/IE H3TOTOBJICHUA COOCTBEHHO
BHYTpEHHEil 0beuaiiku.
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CMD3 drift chamber project
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Optimization of the DC wire structure

@ Due to the non-ideality of the
hexagonal cell structure =
distortion of the electric field
from cylindrical symmetry
occurs

@ Solution = optimization of the
wire structure to obtain a more
isotropic field distribution in
space

Distortion of the hexagonal structure due
to the cylindrical geometry of the chamber
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Optimization of the DC wire structure

@ The wire structure was optimized sequentially layer by layer by
minimizing the function f:

VJ(B— R9)2 + (R~ R3)2 + (Ry — R3)?
R+ Ry + R3

=6.:306 [mm] - 1 Tayer

E i i —=— R 4 .
S - T —3F— R=6641 [mm] -2 layer ideal
- —F— R=7.165 [mm] - 3 layer —— real
% R=7.546 [mm] - 4layer

R/2
3 5
R pp
=0
Y
2 6
R

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

Dependence of function f on R for the entire first
super layer

Definition of R, R2, R3
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Momentum and dE/dx resolution

To find the momentum resolution, MC simulation of pions passing
through the DC was performed:

ey = —

R \ — -1 GV /e S W O 8- av
E F —-0 i
E \ weeee p-0.7 GeV /e o

30 4 E 6

K
0, degrec 05 1 15 5

2.!

P, GeV/c

Momentum resolution as a function of
total momentum

Momentum resolution as a function of
polar angle

The dE/dzx resolution was estimated from CLEO-III results
04p/ax ~ 7% and is comparable to Belle (6.9%) and BaBar (7.5%)
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Wires

@ Anode wire - 25 um in diameter, W-Re(3%), s oo

coated with Au (tension ~ 60 g)

@ Two types of cathode wires made of Al -
125 pm (tension ~ 220 g) and 100 pm
(tension ~ 140 g)

@ Anode wires are made by LUMA (Sweden)

@125 um

@ Cathode wires are made by Danyang Litong
Cable Technology Co. (China)

-

Mechanical tensile tests of wires
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Mechanical were

= = = -
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Mechanical tensile tests of wires
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Mechanical properties

of wires

W-Re(3%) Au Plated AI5056 alloy AI5056 alloy
25 um in dia. 100 pmindia. 125 pmin dia.

Manufacture Date 2019-04-03 2019-06 2019-06
Wire Type 861/67 - -
Diameter (rating) 25 microns 100 microns 125 microns
Diameter Tolerance (t) 2% 2 microns 2 microns
Straightness grade 1 - -
Ovality 2% - -
Measured Properties*:
Diameter, microns 25.0+0.2 102+1 126+ 1
Linear Density**, mg/m 9.4 21.6 329
Yield Strength, g 65+5 240+ 20 360 £ 20
Young's Modulus, GPa 381+1 70£2 702
Tensile Strength, g 140 £5 400 + 20 600 + 20
Elongation (before breaking), % >0.92 >0.72 >0.8

*Based on samples taken from the first 10 meters of wire length on the spool.
**Calculated mean value using the material density from the specification.
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Characteristics of similar drift chambers

Character- | Detector |
{ istics L CLEOIII L BaBar L BESIII l Bellell L SCTF ]
B, T 1.5 1.5 1.0 1.5 1.5
Nooils 9796 7104 6796 14336 10903
Shape Rect. Hex. Rect. Rect. Hex.

Anode
wire W(Au) 20 W(Au) 20 W(Au) 25 W(Au) 30 W(Au) 25
d, pm
Field
wire Al(Au) 110 | Al(Au) 120 | Al(Au) 110 | AI126 | Al 100, 125
d, pm
Size 12 x 12 TXT ; p
mm X mm 14 x 14 18 x 12 16 % 16 10 % 10 ~ 13 x 13
Gas He/C3Hs | He/iCiHo | He/CsHs | He/CoHs | He/Csls
mixture 60/40 80/20 60/40 50/50 60/40
Virode: V 1900 1930 2200 2300 ~ 2000
T/D, }
ns/mim ~ 300/7 ~ 500/9 ~350/8 | ~ 350/8 ~ 3507
op/p: %o 0.32 0.48 0.5 - ~ 0.35
car am T 5.7 75 6.0 ~6 ~6.9
o, um 110 120 120 ~ 100 ~ 100

The paper on the DC for the Super C-Tau Factory was published:

https://doi.org/10.1016/j.nima.2021.165490 1910



Inner/Outer cylinders

BHYTPEHHSS1 OGEYAMNKA

Martepuan: yrnennactuk HUMKAM-PC/M55J k8a3nmnaoTponHbiii
[NaBnenue paboyero rasa: 30 mbap

Harpyska ot nposonoyek: 40% ot 5900 kr
Koadhch. 3anaca ycroiumsocTu: 7.3

Mporn6, mm: TonwwHa

n 1.0725 Max CTEHKM:
095337 0.9 MM
0.8342
0.71503
059586

| | 047669

B 035751 Y
0.23834

I 011917
0 Min

0.00 500.00 1000.00 (mm) X
250.00 750.00

Inner cylinder simulation in ANSYS

BHELUHAA OBEYAVKA
Marepuan: yrnennactux HIMKAM-PC/MSS5.
KBaIMMIOTPONHBIA
Harpyska ot nposonouex:
60% ot 5900 kI
Koadpuupent 3anaca
yeToiunsocTh: 14

Mporu6, mm:
10626 Max

. 094454
082647

07084
059033

B o

B ossa
023613

g o
0 Min

000 50000 100000 (mm) 1./<A
— X

25000 75000

Outer cylinder simulation in ANSYS

@ To facilitate the wire stringing process, the outer cylinder contains

24 service windows

@ The DC has a cylindrical geometry (material: carbon fiber)
e Wall thickness - 0.9 mm/4.5 mm (X/X) = 0.46%/2.1%)
@ Load due to wire tension - 2.36 t/3.54 t (maximum transverse

deformation 20 m/80 pm)

o Stability safety factor is 7.3/14
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End plates

Tension load: 5 900 kg Boundary conditions:

Plte thickness; 13 mm simply supported contours on fixed piers
TOPLIEBASI INACTUHA e °F ———
Marepuan: yrmennactux HUMKAM-PC/MSS, E oaff o — without holes
KeaMMIOTPONHBI ¢ F <2 with holes.
Harpysa or nposonosex % -04f
5900 kr &7
-06F
Tporws, uw 08
£
-1 :
* Tonwma M
o5 mnacruwes Y E
I X (™ B
016769 x oy
0.00028482 Min ¢ =
om0 5000 50900 (mm) BELS
— — z E
22500 67500 B L ol ol
0 300 400 500 600 700 8

End plates simulation in ANSYS
Plate deformation as a

o End plates are flat

@ Holes drilled in the plates increase bending by 10%

o Wall thickness - 13 mm (material: carbon fiber, X/ X
@ Total load is 5.9 t (maximum deformation 1.6 mm)

radius, mm

function of radius

— 5.9%)
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Stereo angles

[ SCTF ][ BELLE Il l[ BaBar ][ BES IlI ]
R Qistereo R Oistereo R Qistereo R Qistereo
mm mrad mm mrad mm 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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Gas mixtures

mfjjre Proportions ):;:) czi\sfférs ‘Ci:’ 13,51 Experiment
cm us v/cm
He/iCallo | 80720 807 | 212 | 279 | 141 | BaBar
He/iCiHo | 90/10 | 1313 | 127 | 231 | 162 Kloe
He/CsHsg 60/40 569 31 3.06 133 Cé_EEs(?:lll
He/CyHg 50/50 686 | 229 | 352 | 142 Belle
Bellell
He/CHa 80/20 | 3087 | 7 254 | 172 Kloe
Ar/CaHo 50/50 178 34 | 527 | 143 | CLEOI
He/DME 70/30 678 21 1.12 123 -

Characteristics of various gas mixtures in the absence of a magnetic field
and at 1 kV/cm electric field
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