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Background + Motivation

* We want to generate noise hits across the various SVT

Inner Barrel

Outer Barrel

Endcaps

layers with a uniform and random distribution.

Est. total pixels

8.65E+08

7.83E+09Q

1.18E+10

Fake hits/event

4.33E+02

3.92E+03

5.91E+03

* Previous work was done by Minjung Kim who
implemented the RandomNoise algorithm for the silicon
tracker subsystems (BVTX/BTRK/ECTRK).

« Sampled fake-hit rate: FHR < 5 X 1077 per event per pixel.

 Fake hits/event/collection: FHR X total pixels. Noise hits
surface area of SVT layer.

* Pixel sizes: 20 X 20um?

 *The following changes are implemented in PR #2670



https://github.com/eic/EICrecon/pull/2670

Number of noise hits in 2us per subdetector

# of noise hits # of background hits

Detector name Barrel layers R [mm)] L [mm] Area [mm] # of pixels per event* (10x275, 10um Au) per 2us
VertexBarrel LO 36 270 6.11E+04 1.53E+08 76 722
L1 48 270 8.14E+04 2.04E+08 102 503
L2 120 270 2.04E+05 5.09E+08 254 309
SagittaSiBarrel L3 270 540 9.16E+05 2.29E+09 1,145 987
OuterSiBarrel L4 420 800 2.11E+06 5.28E+09 2,639 630
# of noise hits # of background hits
Detector name Disks R1 [mm] R2 [mm] Area [mm] # of pixels per event* (10x275, 10um Au) per 2us
InnerTrackerEndcapN E-Disk1 36.76 230 3.24E+05 8.10E+08 405 258
MiddleTrackerEndcapN E-Disk2 36.76 430 1.15E+06 2.88E+09 1,442 463
OuterTrackerEndcapN E-Disk3 36.76 430 1.15E+06 2.88E+09 1,442 445
E-Disk4 40.06 430 1.15E+06 2.88E+09 1,440 290
E-Disk5 46.35 430 1.15E+06 2.87E+09 1,435 62
InnerTrackerEndcapP H-Disk1 36.76 230 3.24E+05 8.10E+08 405 223
MiddleTrackerEndcapP H-Disk2 36.76 430 1.15E+06 2.88E+09 1,442 311
OuterTrackerEndcapP H-Disk3 38.42 430 1.15E+06 2.88E+09 1,441 73
H-Disk4 54.43 430 1.14E+06 2.86E+09 1,429 13
H-Disk5 70.14 430 1.13E+06 2.83E+09 1,414 10

*1 event = 2us




Noise Implementation
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Prior Noise Implementation within the SVT barrels
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Noise Injection before the fixes

phi [rad]

BVTX: VertexBarrel (LO)
events=10000, avg/event=76.94, configured noise mean=76
r range=30-42 mm, mean r=38.0 mm
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BTRK: OuterSiBarrel (L4)
events=10000, avg/event=2640.56, configured noise mean=2639
rrange=410-450 mm, mean r=421.2 m
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Here is the cross sectional noise distribution within one arbitrarily selected inner and outer barrel.




Prior noise implementation in the endcaps

H-Disk4 XY hit heatmap
z=-850.0 mm (%£2.0 mm), annulus [54.43, 430.00] mm (annulus cut applied)
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Problem: needs to be fixed b/c the noise hit distribution is not uniform




for (auto const& kv : base)

Adding Noise to Endcap Disks: [l

double trd—>GetDx1

‘ ~onst double trd—>GetDx2
dd4hep: :PlacedVolume leafPV; ‘ const double dyl = trd->GetDyl

auto findLeafPV = [&] (dd4hep::DetElement d, auto&& self) —=> bool 2 onst do dy2 = trd->GetDy2
if ('d.isValid()) return false; 3 onst double dz = trd->GetDz();
auto pv = d.placement(); ‘

if (1pv.isvalid()) return false: : auto dxAﬁ =l‘& GCL?LC Zd ) 00 % a)
‘ const double t = (z + dz .0 % dz);

if (pv.volume().sensitiveDetector().isValid()) { return dxi + T x (b2 = dx1);

bool childSensitive = false;

for (auto const& [_,c] : d.children()) { auto dyAt = [&] (double z
auto cpv = c.placement(); const double t = (z + dz) / (2.0 x dz);
if (cpv.isValid() && cpv.volume().sensitiveDetector().isValid() childSensitive = true; break; : return dyl + t * (dy2 - dyl);

} ' ’

£

if (!childSensitive) { leafPV = pv; return tru

double aMax = 0.0;
for (int i = 0; i <= 16; ++i
. _ const double z = -dz + (2.0 x dz) * (double(i) / 16.0);
for (auto const& [_,c] : d.children()) aMax = std::max(aMax,dxAt(z)*xdyAt(z));
if (self(c,self)) return true;
if(aMax <= 0.0) continue;
return false;
std::uniform_real_distribution<double> uz(-dz,dz);
std::uniform_real_distribution<double> u01(0.0,1.0);
const TGeoTrd2x trd = (findLeafPV(det,findLeafPV) ? dynamic_cast<const TGeoTrd2x>(leafPV.volume().solid().ptr()) : nullptr); double dx' = 0.0:
double dy 0.0;
) double z = 0.0;
std: :vector<double> w; for (s
w.reserve(sensors.size()); z = uz(rng);

for (autox b : sensors) { dx = dxAt(z);

std::sizet n = 1; The trapezoidal geometry of the 5 0

if (dx <= 0.0 || dy <= 0.0) continue;

for (auto const& [fname, r] : bounds) { endcap mOdUIGS are , 17 (R © 60 o (O 1 G el

if (b=>find(fname) != b->end()

parameterized here and a

n %= static_cast<std::size t>(std::max<long>(1,r.second - r.first + 1)); std::uniform_real_distribution<double> ux(-dx,dx);

; random Ce” Within 'thiS std::uniform_real_distribution<double> uy(-dy,dy);

w.push_back(static_cast<double>(std: :max<std::size_t>(1,n))); . . . . ddah Positi (rna) (rna)
ep::Position p{ux(rng), uy(rng), z};
} trapezoid is picked uniformly. e g ey
i else {
std::discrete_distribution<std::size_t> pickSensor(w.begin(),w.end());

for (auto& kv : fieldDists
if (base.find(kv.first) != base.end())
continue;

decoder->set(cid, kv.first,kv.second.uni(rng));




Adding Noise to Endcap Disks:

Per-Detector Initialization
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Noise Injection post-fix

ECTRK: OuterTrackerEndcapP (H-Si Disk 4)
events=10000, avg/event=1414.15, configured noise mean=1414
zrange=1150-1250 mm, mean z=1199.9 mm
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events=10000, avg/event=405.48, configured noise mean=405
z range=-260--240 mm, mean z=-249.9 mm

ECTRK: InnerTrackerEndcapN (E-Si Disk 0)
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ECTRK: OuterTrackerEndcapN (E-Si Disk 4)
events=10000, avg/event=1434.88, configured noise mean=1435

z range=-1055--1000 mm, mean z=-1019.9 mm @
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Endcap noise injection and geometry parameterization is altered. Noise is now uniformly distributed among the
trapezoidal modules/staves of the endcaps.
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Checking the noise implementation
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The hits are Poisson-distributed about the fixed noise hit count.
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SagittaSiBarrel L3
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Conclusion

- SVT noise injection into EICrecon is now completed and the initial checks look good

- Changes were added in PR #2670.

- Currently, there’s a lot of ‘noise’ tracks that need to be filtered.

- When done, the noise tracking study can be continued.
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https://github.com/eic/EICrecon/pull/2670

