
PHENIX Detector Calibration: Direct Photon and π  ⁰
analysis in Au+Au Collisions at √s  200 GeVₙₙ

 ACT 5 — Direct Photons: The Signal from the Earliest QGP

 HUN-REN Wigner Research Center for Physics / Institute for Particle and Nuclear 
Physics / NAPLIFE Research Group &

University of Debrecen, Faculty of Science, Department of Physics, PHENIX 

 Nour Jalal Abdulameer

Email: nour.abdulameer@wigner.hun-ren.hu                                                  

    

THE FIVE ACTS: A scientific journey told as a visual narrative — following particles, detectors, and signals as they reveal the early universe.

ACT I :   Dead–Hot–Map(DHM) Detector Calibration

Before we can see photons,we must teach the detector how to see.

Imagine the EMCal as an enormous camera with thousands of pixels. Some 
pixels die, some overreact, some misbehave. DHM calibration fixes this.

Identify malfunctioning towers (THMulf):  Dead & Hot regions (tower)

Evaluate “grass level” (noise baseline), correct detector response across 
energies to build the Fundamental DHM

Visual story: ADHM cleaning itself from noisy towers into a clean, uniform 
detector face.

 ACT 2:  Timing Calibration — Teaching the Detector the correct Time⏱️

Raw hit map before
applying our conditions.

DHM after
applying our conditions.

Inclusive photons

DHM Application

π 0 in real and mixed events

Photons arrive in billionths of a second. Timing  is essential for photon ID and signal purity.

Constructed arrival-time distributions for all sectors then 
performed sector-level timing fits (3-factor correction)

Applied run-by-run timing offsets,  re-binned and re-
fitted for stability

Extracted mean & sigma (5-parameter fit) for each sector

 ⏳ Visual story: 
I synchronized all EMCal 
sectors→ reducing timing 
smearing→ improving π  ⁰

and photon reconstruction.

Three-parameter fits exceeded the ADC range, giving 
wrong asymptotics and misreading high-energy towers. 

Using five parameters fixes the mean and sigma.

Three parameter fitting Five parameter fitting

The corrected ToF for the 
first and the second photon.

 ⭐ ACT 3 — π  Reconstruction: Extracting the First Light⁰

Created mixed-
event background 

libraries

Extracted π  ⁰
peaks across 

multiple 
centralities

Applied mean-
count background 

subtraction

Performed analyses 
for both MB and 

ERT triggers

Built invariant mass spectra from γγ pairs Different 0 𝜋
Windows Examination

Combined MB + ERT 
results to create a 

continuous spectrum

✗ Impact: Delivered clean π  spectra needed for ⁰
decay photon estimation and simulation.

✗ Impact: Delivered clean π  spectra needed for ⁰
decay photon estimation and simulation.

ACT 4 — Raw Inclusive Photons: 

Similar 
procedures for 
π0 to ensure 

consistency and 
comparability 

between photon 
and π 0 

measurements.

Impact: Provided the baseline 
to separate decay photons 

from direct photons.

● Generated π  events (Oscar)⁰

● Simulated detector response using PISA

● Embedded signals into real backgrounds

● Built response matrices

● Used unfolding techniques to correct raw 
spectra

● Produced corrected π  invariant yields⁰

π  Simulation⁰

● Compute raw photons from raw decay 
photons:

● Use corrected π  spectrum with the 2D matrix.⁰

● Subtract raw decay photons from the raw 
inclusive spectrum.

● Apply the single-photon response to get the 
raw direct-photon spectrum

Direct Photon Simulation

Same 
methodology 

as π⁰

π  peak extraction ⁰
Different mass windows

Mixed-event scaling
Energy scale corrections

Inclusive →decay→Direct photon

 🎛️ SYSTEMATIC UNCERTAINTIES — What I Evaluated  🚀 FINAL RESULTS — What My Work Produced

Inclusive photon spectra & Decay photon estimates.

Corrected π  invariant yields.⁰

Comparison of Run14 vs Run16 measurements.

Direct-photon yields / π  ratios.⁰

Detector-calibrated dataset usable for future 
PHENIX/CMS analyses.

Recovered the direct-photon signal that reflects 
early QGP temperatures.

Different

 type of 

com
parison
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