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 dRICHMechanicalDesign
Å Main requirements: position,clearanceandenvelope
Å Components: vessel,detectorbox,aerogel
Å Integration

PCBCooling
Å Main requirements

Prototype
Å Design

TargetR&DandGenericR&D
Å SpectrometerChamber
Å HighPressureChamber

Overview
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 INFNFERRARA: mechanicaldesign
Å AlessandroSaputi
Å MicheleMelchiorri

INFNTorino: thermalsimulationsandcooling
Å CarloMingioni
Å MarcoNenni

JLAB: mirrorsdesign
Å AlexEslinger

Mechanical Design Team 
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Å Envelopeoverall size: Ø3800mm × 1270mm

Å Operatingpressure: Up to 3 - 10mbar

Å Operatingtemperature: 22°C

Å Gasmixture:/іCњ- Nitrogen

dRICH: main requirements
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dRICH: main requirements

Themajor functionsof the dRICHmechanicalstructure (gasenclosure)are to providecontainmentfor the dRICHgas

radiatorandto actasa stableframefor the opticalcomponents(the mirrorsandaerogel):

Å It mustbe light-tight.

Å It mustensurethe stabilityof the structureunderthe influenceof the magneticfield.

Å Theenclosuremustwithstanda differentialpressureof 3-10mbarwithout compromisingthe mirror alignment.

Å Theminimumamountof materialmustbe placedwithin the ePICexperimentacceptancelimits.

dRICH
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dRICH Gas Box: mechanical preliminary design

Front view

Thegasbox is essentiallya cylindricalboxmadeof carbonfibers,

that hostsmirrorsandaerogeltiles.

Side view Back view
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dRICH Gas Box: mechanical structure

Entrance window

Shell

Exit window

Tube

Quartz window

The mechanical structure (gas box) consists of six main components: the shell, the 
entrance and exit windows, the central tube, the detector boxes, and the quartz 
windows.
All components forming the gas box are bolted together.
Gas and light tightness are ensured by O-ring and gasket sealing.
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dRICH: shell

Theshell is composedof sixparts that are bolted andgluedtogether to

ensurestructuralintegrity andthe gas/lighttightness.

Theshell will be made of an 10 mm thick

carbon fibre epoxy composite.

Eachlaminate will consistof six layersof

balancedweavefabric,with fibresoriented

at 0°/90° in one layer and ±45° in the

adjacentlayer.
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dRICH: entrance windows

TheEntranceWindow will be a sandwichpanelconsistingof two carbonfiber-reinforcedepoxyskins,each2.28 mm

thick, separatedby a 25 mm thick Nomexhoneycombcore. Eachskin is composedof six layersof balancedweave

laminate,with fibersorientedat 0°/90° in one layerandoverlappedwith ±45° in the adjacentlayer.

Theexternalsidesareenclosedby two solidframesmadeof carbonfiber (CF)or aluminum.
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dRICH: aerogel support structure

Entrance 
Window

Aerogel Case

Aerogel Tiles

PMMA Window
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dRICH: exit windows

TheExitWindowwill be a sandwichpanelconsistingof two carbonfiber-reinforcedepoxyskins,each4.56 mm thick,

separatedby a 40 mm thick Nomexhoneycombcore. Eachskinis composedof sixlayersof balancedweavelaminate,

with fibersorientedat 0°/90° in one layerandoverlappedwith ±45° in the adjacentlayer.

Theexternalsidesareenclosedby two solidframesmadeof carbonfiber (CF)or aluminum.
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dRICH: central tube

Both the entrance and exit windows are connected by the central tube. The central tube will be made of a 5 mm 
thick carbon fiber epoxy composite and will have an inside diameter of 242 mm at the entrance window, tapering 
to 500 mm at the exit window. This design ensures a radial separation between the vacuum chamber and the 
central tube.

Central tube
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dRICH: PDU - detector

PDU designed by 
R.Preghenella

The detector is composed of 211 PDUs arranged on a sphere with a radius of 1100 mm
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dRICH: detector box

Detector Box

PDU Detector

Quartz Window
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dRICH: integration with ePIC apparatus

Å dRICH(yellow 
harms) are bolted to 
the green plates.

Å Green plates are 
bolted to the 
calorimeter 
structure.
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dRICH: extractio/insertion tool

The extraction/insertion tool allows for moving the dRICHin and out, as well as shifting it in both the Z and X directions.

Z

X
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dRICH: closed and open position

Closed position Open position: no conflict with beam pipe
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dRICH: open position
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dRICH: aerogel layout

AEROGEL LAYOUT STUDIES
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dRICH: aerogel layout

!ŜǊƻƎŜƭ 5Ŝƴǎƛǘȅ Ғ лΦмр ƎκŎƳоΦ
Tile size = 180 mm x 180 mm - 20 mm thick

Requirements:
Aerogel Total Thickness 40 mm
Minimize dead space between the aerogel tiles
Light-tight material on the edges of the aerogel tiles

1
8

 c
m

18 cm

324 cm2
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AEROGEL ï Layout_A: nesting_A

270

x4

x4

Awaste= 4x 6,2 cm2 = 248 cm2

Awaste= 4x 17,1 cm2 = 680 cm2

Atwaste= 928 cm2

(3,3 %)

needs
86 tiles (one layer)
Atile = 324 cm2

Atot,tiles = 27864 cm2
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AEROGEL ï Layout_A: Active Area and Dead Space

Nominal Active Area (An)= 24874 cm2
Active Area (Aa) = 21883,5 cm2

Dead Active Area (Ada) = AnςAa = 2990,5 mm2

(12%)

Alessandro Saputi ς 17June 2025



n
il 

v
o
le

n
tib

u
s

 
a
rd

u
u
m

 
AEROGEL ï Layout_B: nesting_B

270

Atwaste= 1868 cm2

(6,8 %)

84 tiles (one layer)
Atile = 324 cm2

Atot,tiles = 27216 cm2
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AEROGEL ï Layout_B: Active Area and Dead Space

Nominal Active Area (An)= 24874 cm2
Active Area (Aa) = 21368 cm2

Dead Active Area (Ada) = AnςAa = 3506 cm2

(14%)
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AEROGEL ï Layout_C: nesting_C

270

needs
116 tiles (one layer)
Atile = 18cmx18cm = 324 cm2

Atile = 12cmx12cm = 144 cm2

Atot,tiles = 33984 cm2

Awaste= 2682 cm2

Atwaste= 9112 cm2

(26,8 %)

Awaste= 2670 cm2

Awaste= 1420 cm2

Awaste= 640 cm2

Awaste= 1700 cm2

1
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m

18 cm

324 cm2

12 cm

144 cm2

1
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AEROGEL ï Layout_C: Active Area and Dead Space

Active Area (Aa) = 21605 cm2

Dead Active Area (Ada) = AnςAa = 3269 cm2

(13,1%)

Nominal Active Area (An)= 24874 cm2
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dRICH: Cooling

PCB COOLING STUDIES
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PDU and boards: cooling and thermal power

dRICH PDU = 1200
Detector Box PDU = 211
dRICH Detector Boxes = 6

SiPMBoards

Boards

Heat Exch

SiPM
PPDU= 5 W(cooling power to be supplied to each PDU unit)
TSiPM= -40°C(SiPMtemperature)

PDT= 211× 5 W = 1055W (cooling power to be supplied to each detector box)
PdRICH= 6 x 1055W = 6330W (cooling power to be supplied to dRICH)

Electronic Boards
Pboards= 11 W(thermal power generated by each PDU unit)
Tboards= 30°C (maximum admissible boards temperature)

PBDT= 211× 11 W = 2321W (thermal power generated by each detector box)
PdRICH= 6 x 2321W = 13926W (thermal power generated by dRICH)

Designed and 
Engineered by 
Roberto Preghenella 
(INFN-BO)
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Detector Box: boardôs air cooling

(G, Tin)(G, Tout)

PBDT= 2300W

VDT=0.25 m3

TDB=Tout

Qloss= 0 Joule

Hypothesis:
Å Detector box perfectly insulated
Å Thermal interaction with the SiPMcooling system not considered

Å External air intake
Å Bag filter
Å Cold coil
Å Fan

Disadvantages:
- Risk of condensation
- High noise
- High vibrations
- Big size of ducts
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Detector Box: FEE cooling

(dray air)dray air

PBDT= 2300W

VDT=0.25 m3

TDB

Qloss

Hypothesis:
Å Detector box no perfectly insulated
Å Thermal interaction with the SiPMcooling system considered

(SiPM+ 
additional 
cooling)

Inlet/Outlet pipe 
diameter: 15/20 mm
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Detector Box: FEE cooling

Alessandro Saputi ς 17June 2025

Condizioni su 
sezione inlet: v = 
1 m/s, T = 20° C. 
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dRICH: prototype

PROTOTYPE and R&D projects 
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dRICH: prototype

Status:
Å The drawings are ready.
Å The tender has been completed.
Å Construction should start before the end of June 2025.

Full-scale (1:1) prototype representing 
one-sixth of the complete dRICHdetector.
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dRICH: prototype
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dRICH: prototype
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