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HL-LHC Upgrade: Environmental Challenges & The ATLAS
Sniffer System

The High-Luminosity LHC (HL-LHC) Upgrade

* Instantaneous luminosity will reach up to 7.5 X 1034 s
particle fluence.

-1 2

cm™ “ resulting in a tenfold increase in

* To cope with the extreme track density, a new all-silicon Inner Tracker (ITk) is being developed.

The Humidity Challenge & Mitigation !:

* High Relative Humidity (RH) must be strictly avoided to prevent galvanic corrosion on electronics
and catastrophic condensation on silicon sensors.

* The ITk volume is continuously flushed with dry Nitrogen (N,)to maintain a critical environment
dew point of —60 °C or lower.

T ATLAS ITk Collaboration, ATL-COM-ITK-2026-025-R, CERN (2026)
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HL-LHC Upgrade: Environmental Challenges & The ATLAS
Sniffer System

The ATLAS Sniffer System :

* Six dedicated "sniffer" systems periodically sample the N, flushing lines using high-reliability dew
point/relative humidity (DP/RH) sensors.

* Features a chilled mirror instrument as a baseline reference to validate the long-term dryness of
the ITk volumes and calibrate the primary Fiber-Optical Sensors (FOS).

Scope of this Work:

* Design and implementation of the high-precision hardware interface (SCB) and low-level software

(C++) to integrate these critical sniffer sensors with the ITk’s Environmental Monitoring Readout
Board (EMRB) data acquisition system.
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EMRB (Environmental Monitoring Readout Board)

Role in ATLAS ITk: The EMRB is a specialized readout board
developed within the ATLAS collaboration to centralize and
process all environmental data (temperature, humidity) from the
detector volume.

Hardware Ecosystem: It is designed to directly host a Raspberry Pi
(via its GPIO header), which acts as the central processing unit and
system controller.

Multi-Channel Architecture: Equipped with multiple input
channels to accommodate various environmental sensors from
the Sniffer lines and the internal tracker volumes.
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EMRB Core Compartments: ADC & Multiplexers

High-Precision Analog-to-Digital Converter (ADC):

* Features a high-resolution 24-bit ADC to detect ultra-small voltage fluctuations, ensuring the
precision required for low dew point measurements.

* Operates within a strict input dynamic range of 0-2.5 V.
Analog Multiplexers (MUX):

* Integrated analog multiplexers route multiple sensor input channels into the single ADC unit
sequentially.

* This architecture optimizes space and component efficiency while maintaining full system
coverage.
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Vaisala DMT 143 Dew Point Transmitter

Electrical Specifications: Operates on a standard industrial 24 V
DC power supply.

Maximum Dew Point Measurement Range: —80 °C to +20 °C.

Dew Point Measurement Accuracy: +2 °Cin air or N,.

Analog DC current output: 4-20 mA.
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2 Vaisala, DMT143 Dew Point Transmitter Datasheet, Ref. B211207EN-K (2021).
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Hardware Interfacing: Connecting Vaisala to EMRB

The Electrical Mismatch:

* Vaisala Output: Analog current loop 4-20 mA.

* EMRB ADC Input: Single-ended voltage range 0-2.5V

* Direct connection is impossible—— a dedicated signal conditioning intermediary is required.

The Interfacing Strategy :
* Design of a custom Signal Conditioning Board (SCB).

* Translates the analog current fluctuations into precise voltage changes matching the ADC's
dynamic range.

* Acts natively as a unity-gain buffer (voltage follower), providing high input impedance to the
Vaisala loop and low output impedance to the EMRB, effectively preventing any loading effects on
the 24-bit ADC.
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System Architecture
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Signal Conditioning Board (SCB)

The input current loop from Vaisala ( [;;, = 4 —
20 mA) passes through a shunt resistor (R = 100(}),
generating a proportional voltage drop :
Vin =4mAX100Q =04V
fo
Vi =20mA X 1000 =2V
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< @ Vin ;:Lj’ﬂ [_]ﬂg 6 ; ; The AD8629 op-amp is configured as a unity-gain
0 —2x buffer (voltage follower) by directly shorting the

2
3
R = Jv- +INB
Loo J output (OUTA) to the inverting input (-INA),
0 replicating the exact input voltage with zero loading
effects on the source.

Vour = Vin
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From Output Voltage to Environmental Metrics
Voltage to Dew Point translation

The Vaisala transmitter linearly maps its —80 °C to +20 °C measurement range into the 4 — 20 mA
current output therefore, the Dew point is calculated via linear interpolation 2 :

T, = 62.5-V,, — 105
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From Output Voltage to Environmental Metrics
Dew Point to Relative Humidity (RH)

e Calculating Relative Humidity strictly
requires two distinct variables :
Ambient temperature (6) and Dew
point (T).

* To map this behavior, a datasheet was
extracted directly from the Vaisala
Insight Software, calculating RH across
various combinations of Dew point
(T;) and Ambient temperature (8). 3

3vaisala Insight Software, online product utility. Available:
[www.vaisala.com/insight](https://www.vaisala.com/insigh
t)
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Fitted family curves RH%=f(T ,,6)
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The fitted — two variable model is given below (an accuracy below 0.6% in average is achieved):

RH% = 100.768875 + 6.104167 -T; — 6.332867 -6 + 0.124605-T5 — 0.273446 - T; -0 +
0.156911 - 62 + 0.000813 -T; — 0.003019-TZ% -8 + 0.003473-T;-6% —0.001395 - 43
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Laboratory measurements and System Validation

Controlled Environment Setup:
* Measurements were conducted inside a controlled testing chamber purged with Nitrogen gas.

* The gas flow rate was regulated and maintained at a constant 5 L /h to ensure stable atmospheric
conditions around the Vaisala sensor.

Data Acquisition & Readout:

* The raw digitized output of the EMRB was continuously recorded via the Raspberry Pi SPI
interface.

* The primary objective of monitoring this output was to dynamically compute both the Dew Point
(T;) and the Relative Humidity (RH) of the system.
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Td vs Time, Nitrogen flow=5 L/h
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The asymptotic decay and subsequent horizontal plateau reflect the mass-balance equilibrium reached
when the environmental water vapor penetration rate through the pipe walls perfectly matches the
N, flushing ratel.
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5L/h, 6=28"°C

RH% vs Time, Nitrogen flow
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Conclusions

System Integration:

* The successful connection between the Vaisala sensor and the ATLAS EMRB board proves that
commercial industrial sensors can cooperate perfectly with custom DAQ systems.

Hardware Success:

* The custom SCB successfully converted the 4-20 mA current to a stable 0-2.5 V voltage, proving that
our analog design solves the electrical mismatch without losing accuracy.

Mathematical Modeling:

* The 2D power-law polynomial model accurately replicated Vaisala's proprietary data, proving that we
can successfully recreate the sensor's behavior mathematically.

Experimental Findings & Flushing Kinetics:

* The system demonstrated a highly synchronized dynamic response, showing a sharp drop in both T

and RH profiles during N, flushing, followed by a smooth recovery back to ambient lab conditions
when the gas supply was isolated.

* The final steady-state values from our EMRB data pipeline perfectly matched those of an independent
reference sensor, fully validating the accuracy of the SCB hardware and our mathematical model.
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