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The P2 experiment: overview and theory JG|U

The weak mixing angle
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Measuring the parity violating asymmetry in e’p-scattering

momentum transfer

\
c,— O G_.0>
Asymmetry: A , = 0R+ O_L = 4\/% ( 1-4 sinZQW— F( Q\Z)) ~ 40 ppb
R L T

proton form factor
(small @ low Q?)

Goal:
- measure sin®0,, @ ~0.14%
* Need Q, @ 1.5%, 1.5% on A,
* O(A.,) is 0.6 parts per billion
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Measuring the parity violating asymmetry in e’p-scattering J6|u

Challenge: needs approx. 10 000 hours of measuring with ~100 GHz electrons beam!
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Mainz Energy-Recovery Superco'nducting Accelerator (MESA)
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Measuring the parity violating asymmetry in e’p-scattering J6|u

Mainz Energy-Recovery Superconducting Accelerator
Beam: % e J

(MESA)
. Current: 150 yA = 10"% e7/s ]
+ L=24-10"cm™s™ .
R~
* Energy: 155 MeV -~ \\\ i 34
+ Highly polarized (285%) (.2 ~*'*% o < 8
W _ a <
+ Flip helicity @ 1 kHz T Ll
« Extremely stable ‘/*,47/‘ " e
LN i ™ :
* High runtime (>4k h/year) \ e N NN

/

First beam run is planned for 2024

Design and cooling of the tracking detector for the P2 experiment, Kravchenko Michail @ DPG Spring meeting, 15-19 March 2021



P2 setup
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P2 setup

===gp-Tracking detector:

= ZF

"planes with 4 modules/plane;

-

Cherenkov s

Scattering - Moller |

Trac-k Vg electron \ o Helium inSide gas bOX;

etector shield |

e ~15°azimuthal coverage per module;

« measure average Q;

Electron
beam

Steel suport

e reconstruct individual electron tracks;

* 4 hits per track.
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Tracking detector
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Tracking detector module

AUTODESK
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Tracking detector module

Inner frame

Module (inner part)

Module (w/ outer support frame)
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Tracking detector module

Samtec® ZAS8 interposer

Top PCB Kapton flexprint .-.

w/ Al traces

9 strips x 10
sensors

P End block

6 strips x 8
sensors

V-folds for gas distribution + _

26 strips, 270 sensors (per plane)

560 mm

self-supporting 460 mm

v
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Tracking detector module: Silicon pixel chips

* High voltage Monolithic Active Pixel Sensors (HV-MAPS)

« 20 x 23 mm? sensors with 80 x 80 um? pixels

e 50 ym thickness

« Detection efficiency > 99%

» Streaming digital readout of up to 7.8 Mhits/s/cm?
« Power consumption: 0.96 - 1.7 W/chip
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Tracking detector module: prototype

L3 TED RSN Y] 2B

Initially developed by M. Zimmermann
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CFD simulation

Computational fluid dynamics (CFD)

e Full equation for fluid dynamics:

o Navier Stokes equations:

D |
p%=— Vp+uV2Gg+—uV(Vq) +pg
t 3
o Extremely complicated mathematics without

general analytical solution

e Allows predict how liquids and gases will perform,
heat transfer is also possible

e Minimization of the need for physical prototypes
=> saving in time & budget

e Possible cons: over- or underestimating of some

physical parameters (e.g. temperature, pressure)
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CFD simulation: model

=> Simplified model in order to save computational time:

€ Only the most necessary parts (no unused holes,
corners, etc.)

=> Gas volume as a common 3D-body + essential heat
generating and thermal conducting parts (HVMAPS

and flexprint with v-folds in this case) = AUTODESK'

CFD

Kapton
_____ v-folds and
He inside ~---- flexprint
pipes and 7T
v-folds __ HVMAPS
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CFD simulation: unequal heat dissipation JG|U

8 strips simplified model
(4 top and 4 bottom)

Periphery area Active area
A, / Equal Max sensor
(6) Tem::ralure-Celsius = . tem pe ratu re
1 =
§§ D 76.9 °C
HV-MAPS -

., Unequal

periphery area could produce .
up to 50% of total heat

90
85

— 99.0 °C
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CFD simulation: current results
<70 °C

High power scenario:

« 300 mW/cm? unequal heat
production by sensors;

« 0°C He
* 15 I\s — channel flow

v-folds flexprint
+ 8.5 I\s —all others; /

— ‘ HDI ~ 100pum ; ‘ |
mn ‘ —— | Sensor /f

Sensors are glued
to the flexprint

Kapton

SSSSSSS

1 |
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-2.98027-08
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CFD simulation: Comparison of different scenarios
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(‘channel flow’, 3x inner&outer flows" [l/s])

Gas diffuser
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CFD simulation: current results
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Outer flow inlets Inner flow inlet
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Summary JGlu

« Measurement of the weak mixing angle in the P2 experiment can precisely
test the SM or provide a sign of the new physics;

« Detector development with silicon sensors => efficient cooling system;

* CFD simulation is an powerful tool for fluid cooling simulations.
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Michail Kravchenko

DPG Spring Meeting 2021, Dortmund PRISMA+ Cluster of Excellence/
Institute for Nuclear Physics,
University of Mainz

C JGlu
D P RiSMA+ sjonannes GUTENBERG

UNIVERSITAT MAINz



Stay healthy and keep on doing
physics!
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Michail Kravchenko
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The P2 experiment JG|u

Precise measurement of the e sin®*),, is a fundamental quantity of the SM and a
weak mixing angle sin20,, at low parameter in the electroweak unification theory;
W

Q2 e accurate testing the SM or providing the new
physics;
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The P2 experiment: overview and theory

. Angle shows up both in masses and couplings (charges)

g/2

92 _|_g/2
"MS — scheme"

. The second options 1s used here (depends on energy): Sin2 O =

€ e € e e € e E
\/ A v
. Y b4
|
L + L £ & 4
AL A v
p P p P p P p P

« Absorb radiative corrections into effective, scale-dependent (“running”) sinZGW(QZ)
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PVeS experiment summary

_ @ Pioneering o
- @ Strange Form Factor (1998-2009) \
10-4 . ® S.M.Study (2003-2005)
E e  JLab2010-2012
— ®  Future
-5
107
6
sy MY 7
> -
o —
<C -
N
“© 107
-8
107 E
-9
10
| IIIIIIII | lIIIIIII ! IIIIIIII ! Illlllll | |I|||II|

1 0-10 L1
10F 167 10° 10° 10 10°

PV

Design and cooling of the tracking detector for the P2 experiment, Kravchenko Michail @ DPG Spring meeting, 15-19 March 2021



MC particle rates on 1st tracker plane
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Particle rates on different planes
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Projection of expected electron trajectories

Projection of electron trajectories B-056°5,,,

Target center @ z = -700 mm
E_. =150.0 MeV
1 500 / // ////////,//////// 777 el. e-p-scat’(eri::‘gr:'| 6 e [25.00edeg. 45.00 deg]
WL T P, 77 « £ l. e-p-scattering: 8 € [0.00 deg, 90.00 deg]
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P2 error budget

Fyeam 155 MeV (stv) 0.231 16
Oy 35° (As%) Total 3.3 x 107* (0.14 %)
00s 20° (Ass Voratistics 2.7 x 107* (0.12 %)
<Q2>L:600 mm, §6;=20° 6 x 107° (G'C‘\’Y/C)2 i V.0 1.0 x 10=% (0.04 %)
(ASP) —39.94 ppb (As3y) WA 0.5 x 10™* (0.02 %)
(AA™P)1otal 0.56 ppb (1.40 %) (A'S%V)DWZ 0.4 x 10~* (0.02 %)
(AATB) gy, cticn 0.51 ppb (1.28 %) (As%;)nucl. FF 1.2 x 10~ (0.05%)
(AATP)polarization 0.21 ppb (0.53 %) (Q%) Cherenkor 4.57 x 103 (GeV /c)?
PR i 0.10 ppb (0.25 %) (AP) Gherenkov —928.77 ppb
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TID
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(a) First plane (b) Third plane

Figure 5.12.: Total ionizing dose on the first and third tracker plane, evaluated with the
detector simulation and normalized to 1 X 10* h run time at full beam current.

TID varies between 10 Mrad to 60 Mrad @ different planes

Design and cooling of the tracking detector for the P2 experiment, Kravchenko Michail @ DPG Spring meeting, 15-19 March 2021




Tracking detector module: coolant

 Low material budget in the detector area gaseous

* Prevent secondary scattering on coolant shells He

Specific

: : Volumetric Thermal
Atomic Density heat ) .
number [kg/m?] capacity ¢ TEEL e cl:<or\1/3uct|\l/<|ty

kJ/(kg K]p c, [kJ/(kg K)] [W/(m K)]

Air 7.6 (eff.) 1.27 1.01 0.72 0.03
@ T=300Kandp=101325 Pa

Hydrogen gas forms explosive mixtures with air in concentrations from 4—74%
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Strip submodule

(a) Front side of the strip submodule

(b) Back side of the strip submodule

v-folds

~

HDI ~ 100pum

nsor

(c) Side view on the back side of the strip submodule
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Tracking detector module: dimensions
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Increased gas flows: problem
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Increased gas flows: problem

Random orientation of velocity vectors at ] I
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Increased gas flows: problem

AdZ275 3455 E1.825 ]

14.9706 mm 29.9412 44 9118

~—— e \x\ \
55555 e &E\E\\\Mv

0275

1] 16.8643 mm 337285 505928
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Increased gas flows: problem

Max 25 mm
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Overlapping of sensors

960 " 5000600 | 90066 00O
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MuPix10

Connection via
solder bump

Pixel electronics

Driver

VNbias H

l out SF

VCascPix

Cinj VPPix
VNFBPIx

|" VNFolIPix

lim VPLoadPix
| 2 vdda

gnda
inj enable vssa

VNoutPix

(a) Pixel schematic.
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(b) Pixel layout.




MuPix: telescope during the testbeam
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MuPix specs JG|U

MuPix8 ' MuPix10 | ATLASPix1_Simple = ATLASPix3
Process AHI18 (AMS) [3] :H18 (TSI) [4] | AHI8 (AMS) [3] HI18 (TSI) [4]
Sensor size [mm?] 10.7x19.5 1 20.2x23.0 | 3.4x18.4 20.2 x 21.0
Pixel matrix 128 x 200 | 250x256 | 25 x 400 132 X372
Pixel size [um?] 81 x 80 1 80x80 130 x 40 150 x 50
Active area [mm?] 10.3 X 16.0 : 20.1 x 20.0 : 3.23 x16.0 19.8 x 18.6
#Bits timestamp & ToT 10+6 | 1145 | 10+6 10+7
Pixel tune DACs [bits] 3 | 3 | 3 3
Bandwidth [Gbit/s] <16@%) | <1639 < 1.6 1.28
Readout architecture continuous : continuous | continuous trigger (cont.)
Status (December 2019) tested | in production | tested under test
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MuPix: readout schematics

per pixel per pixel per submatrix
Pixel Periphery . State Machine
- e r | %g s || o
}_D{ ‘ | {>_H: comparator 1&2 % : state PLL
| § readout i _

4‘ E 8b/10b | | serializer |-

encoder

D

test-puls

injection i tune
threshold DACs

Y

amplification

\

Y / . ¥
integrate ‘ /\ line driver Bt P';‘el'd digital output
charge SE=A

. adjustment L

Design and cooling of the tracking detector for the P2 experiment, Kravchenko Michail @ DPG Spring meeting, 15-19 March 2021



CFD simulation: Comparison of different scenarios J6|u

Volumetric analogue (used in CFD for dissipation in all directions),
Total heat production W/cm?
of one MuPix,
mW/cm? Total* Active area (87%) |Periphery area (13 %)
400 80 40 346
350 70 35 304
300 60 30 260
250 50 25 217
200 40 20 174

*periphery area will (can) produce up to 50% of the total heat
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CFD simulation: Comparison of different scenarios

77.90 Max temp of sensor

71.20
\ 68.90
70 -_1_4‘70 \‘\

66.00

60

50 :
—e— Periph

40 —e— Active

63.80 Avg temp of sensor

60 Nio 56.40 ® Pel‘lph
s6l6 * \ —— Active
s \ 48.50 48.50

49.70 49?7\0\\\
40 \42‘30\ 199
2.9
30
- 29:10
Min temp of sensor

38.30 —— Periph

35.6 Active
30

25.10 90

—  23.20 23.10

2 v 19.50 21.00
20.30

3.

400 mW/cm~2 400mW/cm~2 incr 350 mW/cm~2 | 300 mW/cm~2 200 mW/cm~2 200 decr mW/cm~2
/(15, 3x8.5) (17, 3x10) (15, 3x8.5) (15, 3x8.5) (15, 3x8.5) (10, 3x6)

(‘channel flow’, 3x inner&outer flows" [l/s])
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CFD simulation: pressure drop & mass flow

I Channel flow inlet Outer flow inlets Inner flow inlet

\

\

Outlets
High power scenario (300 mW/cm?):
Channel flow Inner and outer flows (per flow)
Mass flow, g/s ~ 2.6 ~1.5
Total mass flow, g/s ~7
Pressure drop, mbar* <30 <60
Max velocity, m/s ~22 (locally) =2

* Pressure at the inlet, outlet pressure is 0 Pa
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Helium cooling system

Mu3e helium cooling - miniature turbo compressor option

Simplified conceptual sketch

J ' /s —>Di
[— = 57 W40 20
I— ' 5 o
[j 1.3 ‘D'
> [j 1.3 —»D
—— = o] N =
D 1.5 > Ij
> [j 1.5
4‘)]}‘ Turbocompressors
45
;’:D
Turbocompressors
Cryo trap
LN2 ~70 K
DOG
Expansion
tank
— — L e {1 Ty
peseian il Vibrati \b/ Vibrati
- Control valves per circuit Heat exch ration ration
-Sensors (p, T, F) k catechanger damper Roots pump damper
- Gas analysis sensor _,/
m Bypass 25.9.19, F. Meier

Figure 2: PFD of helium cooling plant in a version with a number of small compressors (see text).




Backup
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