Curved Modular OB — update to outer silicon barrel

eometr
PR #1083 & Y

* New geometry for active silicon in OB

* Curved surface modelled as series of flat segments

 Modules on top and bottom of staves

* Dimensions set to match February 2026 CAD files

* ‘Floating’ at correct position

* Hit maps, material thickness scans, tracking benchmark plots done
e https://github.com/eic/epic/tree/curved modular OB

Next steps
* Update passive material geometry
* Build passive structure from GDML files

30 April 2026 Sam Henry, Athavan Ramalingam, James Glover, Long Li, Stephen Maple,


https://github.com/eic/epic/tree/curved_modular_OB

Current flat stave OB geometry epic 25.10

e Carbon fibre braces to reproduce peaks on material
thickness scan

* Gap in active silicon to reproduce dead area

e Castellated stave arrangement (alternate staves at
+6mm radius)

https://indico.bnl.gov/event/29542/#2-svt-ob-
simulation-geometry-u

Active silicon layer with central gap

Kapton layer

N

Carbon fibre braces

Carbon fibre layer


https://indico.bnl.gov/event/29542/#2-svt-ob-simulation-geometry-u

Curved Modular Geometry

 DDA4HEP cylindrical surface readout using
CylindricalGridPhiZ — only works for cylinder with axis along
beamline

* This version: curved surfaces modelled as N flat strips

* Separate modules on top and bottom of staves

Active silicon Inactive silicon

\ Service (Kapton)
e
T j ‘*- Frame (carbon fibre)




New XML code for curved component

<constant
<constant
<constant
<constant
<constant
cconstant
cconstant
<constant
<constant
<constant
<constant
<constant
cconstant
cconstant
<constant

<module_component name="CurvedSiiR" < PY |dentIfIEd by ”Curved” |n name

material="silicon"

sensitive="true" * Cylinder segment defined by radius,

innerthickness="siBarrell_LongThickness"

outerthickness="siBarrel_shortThickness" ph|0’ ph|1’ Iength’ thiCkneSS

nsegments="siBarrelsiliconCurveNoSesments'" < .

radius="%iBarrelsiliconCurveRadius" i MOde”ed aS nsegments flat StrlpS

phig="-5iBarrelsiliconlurveHalfAnglel"” .

ohi1=" sisarrelsiliconcapHalfangle” * Inner and outer thicknesses must

length="siBarrelMcdl_length/4" . .

be given for active component
<position x="8" y="3*siBarrelModl_length/8" z="sSiBarreluppercurveAxisi" /» / ° POSItlon — nOW reqUIred for a”
¢/module_component> components — centre of cylinder

axis relative to centre of module

thickness="siBarrelsensorMod_thickness"

vis="TrackerLayervis"»

name="5iBarrelsiliconCurveiosegments” value="5" />

name="siBarrelsiliconCurveradius" value="1ee*mm" />

name="siBarrelsiliconspace™ value="1.26%mm"/>

name="SiBarrelsilicenCurveHeightl™ value="SiBarrelSiliconCurveRadius - sgri(SiBarrelSilicomCurveRadius~2? - (SiBarrelStavel_width/2)+2)" />

name="SiBarrelsilicenCurveHeight2" value="SiBarrelsiliconCurveRadius - sqri(SiBarrelSiliconCurveRadius~2 - (SiBarrelStave2_width/2)2)" /»

name="siBarrelLowercurvesxizl" value="siBarrelsiliconCurveRadius - siBarrelsiliconCurveHeightl - siearrelModiframe_thickness - e.s*siBarrelBrace_thickness - siBarrelsiliconspace" />
name="SiBarrellowerCurveaAxis2" value="SiBarrelSiliconCurveRadius - SiBarrelsiliconCurveHeight2 - SiBarrelMod2Frame_thickness - @.5*SiBarrelBrace_thickness - SiBarrelsiliconSpace" />
name="SiBarrelUpperfurveAxisl"” value=" - SiBarrelSiliconfurveRadius + SiBarrelSiliconCurveHeightl + SiearrelModlService thickness + @8.5*SiBarrelBrace_thickness + SiBarrelSiliconsSpace™ /»
name="siBarreluppercurvesxiz2” value=" - siBarrelsiliconCurveradius + siBarrelsiliconCurveHeightz + siearrelMod2service_thickness + @.5*SiBarrelBrace_thickness + siBarrelsiliconspace” />
name="siBarrelsilicencurveHalfanglel” value="asin({e.5*siBarrelstavel_width / siBarrelsilicomCurveRadius)" />

name="SiBarrelsilicenCurveHalfangle2” value="asin(@.5*5iBarrelstave?_width / SiBarrelSilicomCurveRadius)™ />
name="SiBarrelsilicencapHalfangle"” value="atan({8.5*SiBarrelSiliconGap_width / SiBarrelsiliconCurveRadius)™ />
name="siBarrel_shortThickness" value="8.5*siearrelsensorMod_thickness"™ />

name="SiBarrell_LongThickness" wvalue="1.5*siearrelsensorMod_thickness + SiBarrelMecdiService thickness + SiBarrelModiFrame_thickness + SiearrelBrace_thickness + 2*SiBarrelsiliconSpace + SiBarrelsilicenCurveHeightil™ />

name="SiBarrel? LongThickness" value="1.5*SiBarrelSensorMod_thickness + SiBarrelMod2Service _thickness + SiBarrelMod2Frame_thickness + SiBarrelBrace_thickness + 2*SiBarrelSiliconSpace + SiBarrelSilicenCurveHeightl®™ />



XML <readout>

creadoutss
¢readout mame="SiBarrelHits"»
«<segmentation type="CartesianGridxy"” grid size x="@.028*mm" grid_size_ y="8.826*mm" />
<idwsystem:8,layer:4,module:7,5ensor:7,x:32: -12 v -28¢/1d>

«/readout> IVIaXimum number Of Sensors (L4)

</readoutss

Si modules x sides x nsegments
8 x 2 x5 =280
>7 bits needed

76 DD4HEP modules (staves) for L4
>7 bits needed

* CylinderGridPhiZ does not work for cylinders where axis is not the beamline
* Two layers —for L3 and L4 — overlapping top and bottom silicon not a problem as
separate DD4HEP sensors



BarrelTrackerWithCurves geo.cpp

Volume c_vol;
if (x_comp.namestr().find("curved"
double ¢_rmin = x_comp.radius();

double dph
vectorcdoubles Xp,
double phiP = c_phie;

if (x_comp

I= std::string::npos) {
radius of curvature in cm
start and stop angle of segment in rad - zero is centre of stave

double ¢_phi@ = x_comp.phia();
double ¢_phil = x_comp.phi1{);
double ¢_Nseg = x_comp.nsegments(); // number of flat segments used to spproximate cylinder

le)c_Nseg;

(c_phil - c_phie) /

For(int i=e; icc_nsegsl; ++1){

Xp.push_back(c_rmin * sin(phir));
push_back(c_rmin*cos(phiP));

ohiF += dphi;

phiP = c_phi@ + dphif2;

(int i=8; i<c_Nseg; ++i)
double segwidth = sgri( (xp[i+1] - Xp[il)*(xp[is1] - xp[il) + (zZp[i+1] - zp[il}*(zp[i+1] - Zp[iD));
double midx = @.5%(xp[i] + Xp[i+1]);
.5%(zp[i] + zp[i+1]);
segwidth/2) * _rmin
dth/2) * ({c_n

double mi

Box seg_box
Trdl seg_box( - x_comp. thickness()

string seg nam = c_nam + "." + _tostring(i);

nam, seg_box, description.material

- ¥_comp.thickness()/2)/c_rmin), x_comp.length()/2, x_comp.thickness()/2);
width/2) * ((c_rmin + x_comp.thickness()/2)/c_r

(se

volume seg_voll

if (x_pos & x_rot) {
position c_pos(midx + x_pos.x(e), x_pos.y(e), midz + x_pos.z(e));

), phiP+ x_rot.y(@), x_rot.x());

, Transform3p(c_rot, c_pos));

RotationZvX c_rot{x_rot

pv = m_vol.placevolum
} else if (x_rot) {
os(midX, @, midz);

ey

Position ¢_j

pv = m_vol.placevolume(seg vol,
} else if (x_pos)

RotationZyx c_rot(e, phiP, €);

Position c_pos(midx+x_pos.x(8), X_pos
m_vol.placevelume(seg vol, Transform3d(c_ret, c_pos));

X(x_rot.z(e), x_rot.y(8) + phiP, x_rot.x(@)), c_pos));

Transform3p(Rotatio

)5 %_pos.z(e)+midz);

v =
}else {

Rotationzvx c_rot{e, phir, 8);
(midx, 8, midz);

Position c_|
pv = m_vol.placevolume(seg_vol, Transform3d(c_rot, c_pos));
¥
phiP += dphi;

.setregion(description, x_comp.regionstr(});
.setLinitset(description, x_comp.limitsstr()};
.setvisattributes(description, x_comp.visstr());
o {

ensor”, sensor_number++);

sSensitiy

pv.addPhysvoling”
seg_vol.setSensitiveDetector(sens);

sensitives[m_nam].push_back(pv);
{x_comp. innerthickness(),x_comp.outerthickness()};

icknesses[m_nam] =

module_t

reate a measurement plane for the tracking surface attched to the sens.

vectorsp u(-1., 8., 8.);
Vector3D vw(@., -1., @.);
Vectorsp n(e., 8., 1.);
vectorsp o 8. , 8. , 8. )

compute the imner and outer thicknesses that need to be assigned to the tracking surface

/ depending on wether the support is above or below the sensor

), x_comp.length()/2, X_

Derived from BarrelTrackWithFrame_geo.c

p. thickness()/2);

 Gap ~1.5um to avoid overlap
* Trapedoid (Trd1) volume not
compatible with ACTS readout.

TessellatedSolid may work




Outer and inner thicknesses — required for sensitive surface

Outer thicknessl

T

Inner thickness |

Outer thickness

Inner thickness



Dimensions of active surface from latest CAD (Feb 2026

Single stave hit maps from SVTOB_UK, SiBarrelHits
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curved modular OB hit maps

Single stave, SiBarrelHits
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Material Thickness Scans: L3

curved_modular_OB
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L4

ickness Scans
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Single stave material thickness scans
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op/p %

Tracking Benchmark Plots - momentum

curved_modular_OB epic-main

29 April 2026 29 April 2026
Material map updated
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Tracking Benchmark Plots - dca;
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Tracking Benchmark Plots - dca,

curved_modular_OB
29 April 2026
Material map updated
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Hit_matching.C output — eicrecon is using SiBarrel hits

Associated Digitized Hits (RecHits)
Associated Tracker Measurement Hits
soonaaas Associated Tracker Outlier Hits
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Summary and Next Steps

Curved Modular OB is now ready to go, pending approval

Next steps: Small Improvements
* Adjust spacing and thickness of braces to match latest CAD
* Add Ultem endcaps

Hybrid geometry

 Combine curved_modular_OB and SVTOB_ UK branches
* Passive structure defined by GDML files

* Work in progress — first test successful

* All work to be completed by September 2026



