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Simulation Details
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QUESTION:
As was discussed on Wednesday, would you please investigate further the 
apparent discrepancy in the size of the error bars in the J/Psi diffraction spectrum 
shown in your simulation for Question P-1 compared with that shown for the 
same spectrum in the white paper.



P-1 Update
 In the answers to question P-1 we discovered a mistake related to the 

error bars in the 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 distribution shown. The statistical error bars 
were calculated w/o taking the branching ratio of 𝐽𝐽/𝜓𝜓 → 𝑒𝑒+𝑒𝑒− into 
account. This is fixed in the following slides. Only the statistical 
uncertainties were affected. 
We also provide a clarification on the loss of 𝑥𝑥 reach for diffractive vector 

meson production (𝑒𝑒 + 𝐴𝐴 → 𝑒𝑒′ + 𝐴𝐴′ + 𝑉𝑉) when changing the electron 
beam energies
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𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 with Same Binning as in the EIC White Paper

 The statistics on the MC generated events far exceeds that of the actual events. This is done to illustrate  
the feasibility to conduct this measurement with ATHENA independent of the integrated luminosity. The 
error bars are scaled to correspond to 10 fb-1/A. 

 The binning used in the White Paper was very fine in order to illustrate the measurement of the structure of 
the minima but is not practical for larger 𝑑𝑑.

 Adding the decay channel into muon will improve the statics shown above
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• Please note that the size of the 
statistical errors depends on the bin 
size and the actual cuts used in the 
analysis. A direct comparison with the 
White Paper plot is only valid if 
identical cuts are used and if the 
degree of smearing in 𝑑𝑑 is the same. 
The shown plots are from full ATHENA 
simulation and realistic reconstruction 
while the White Paper implements only 
a parameterized 𝑑𝑑 smearing and used 
ideal reconstruction.

18x110 GeV
WP binning

5x110 GeV
WP binning



𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 with Variable Binning

 These plots depict a variable binning. The bin size is increasing with 𝑑𝑑 as the 
statistical uncertainties grow. The data sample is the same as in the previous slide.
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18x110 GeV
new binning

5x110 GeV
new binning



Loss of 𝑥𝑥-Reach when Decreasing Electron Beam Energy

 From 𝑄𝑄2 ≈ 𝑥𝑥𝑥𝑥𝑥𝑥 and 𝑥𝑥 ≈ 4𝐸𝐸𝑒𝑒𝐸𝐸ℎ it follows that for a given 𝑄𝑄2 and 𝑥𝑥, so 
that  𝑥𝑥 ∝ 1

𝐸𝐸𝑒𝑒
 This implies that by reducing the electron beam energy from 18 to 5 

GeV the 𝑥𝑥-reach is reduced by a factor of 18/5 = 3.6.
 In the near future we will investigate various beam energies other than 

5 GeV to optimize the 𝑑𝑑 smearing (𝑝𝑝𝑇𝑇 resolution) versus 𝑥𝑥-reach, e.g. 
10 GeV
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Staging Scenarios
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QUESTION:
At a very high level, what would be your approach if staging of the detector 
construction were to become necessary, either due to technical or funding issues? 
How would this impact the cost profile and need for Project funds?



INTRODUCTION
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Considerations used for our answer

 Framework considering the Collider Commissioning schedule

 General considerations about ATHENA detector design

 Identification of 3 hypothetical staging scenarios 

 Impact on first-years science reach of each of the 3 scenarios

 Installation procedures for each of the 3 scenarios

 Costing implication of each of the 3 scenarios

Relevant remark:

 The detector instrumentation needed for the machine commissioning (luminosity detectors, ZDC and polarimetry) 
is not considered in any of our staging scenarios as the relevant subsystems need to be installed to match the 
collider commissioning schedule

Concluding remarks are provided at the end



Collider Commissioning
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Following F. Willeke’s assessment of the collider ramp up and the pre-ops commissioning plan
 detector will operate the first time with beam after CD-4A
 commission detector with beam  low luminosity operation with background optimization
 first data-taking for physics
 Machine development in parallel to data taking guided by key performance parameters to be reached by CD-4

• Polarization, Luminosity, different hadron beam species, center-of-mass energies,
 ATHENA prefers to take data with eA as long as 
luminosity and polarization still need to be commissioned 

After CD-4:
 Luminosity operation with varying Ecm and ion species 

for physics data taking
 Continue commissioning the collider till EIC operation 

with ultimate performance parameters with one 
detector is reached

 data taking on NAS science can start in parallel

KPP Performance 
Measure

Threshold
KPP

Objective
KPP

Ultimate
KPP

ECM-4 Center-of-Mass 
Energy

Center-of-mass energy measured in 
the range of 20 GeV to 100 GeV.

Center-of-mass energy measured in 
the range of 20 GeV to 140 GeV. Same as Objective

ACC-4 Accelerator
Accelerator installed and capable of 
delivering beams of protons and a 
heavy nucleus such as Au.

Ability to deliver a versatile choice 
of beams from protons and light 
ions to heavy ions such as Au.

Ability to deliver collisions of electrons 
with nuclei from deuterons to the heaviest 
nuclei.

DET-4 Detector Detector installed and ready for 
beam operations.

Inelastic scattering events in e-p 
and e-A collisions measured in 
Detector.

Inclusive, semi-inclusive, and exclusive 
events measured as the basis for 3D maps 
of subatomic quark-gluon structure.

POL-4 Polarization
Hadron beam polarization of > 50% 
and electron beam polarization of > 
40% measured at Ecm = 100 GeV.

Hadron beam polarization of > 60% 
and electron beam polarization of 
>50% measured at Ecm = 100 GeV.

Hadron and electron beam polarization of 
~70% measured at Ecm = 100 GeV.

LUM-4 Luminosity Luminosity for e-p collisions 
measured up to 1.0x1032 cm-2 s-1.

Luminosity for e-p collisions 
measured up to 1.0x1033 cm-2 s-1.

Luminosity for e-p collisions measured up 
to ~1033 - 1034 cm-2 s-1.



 All subsystems included in the ATHENA Proposal are necessary to fulfill the mission, i.e., the physics scope 
presented in the White Paper and the NAS report, matching the performance requirements summarized in the 
Yellow Report.

 Careful optimization of the ATHENA detector design, has resulted in the minimal level of required redundancy 
within detector subsystems, while avoiding unnecessary duplication of functionality.
 This optimization already represents an effort minimizing the devices at detector design level.
 Subsystem removal or delay as imposed by a staging process, will negatively impact the physics 

capabilities. 

Therefore, any staging scenario will postpone the ATHENA ability to perform the entire physics 
scope and would require very careful coordination with data taking scenarios.

We recall our answer to O-1:
Q:  What staging scenarios are available, if staging were to become necessary?
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ATHENA Detector Design, General Considerations



Staging Scenarios
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Scenario-1:

 no dRICH
 no µRWell tracker behind dRICH
 no nHCAL
 no readout electronics of pECal and pHCal

Scenario-2:

 no ToF
 no nHCAL
 no photon-sensors and readout electronics of 

PID-detectors (dRICH, DIRC, pfRICH)

Scenario-3:

 no Si-sensors and readout electronics for imaging layers of bECal
 no Scintillators and readout electronics of bHCal
 no nHCAL

General Philosophy to choose the staging scenarios: the integration of the staged detector(s) can be done 
without compromises from the beginning, to make a later installation as seamless and cost / time effective as 
possible



Science Impact of Staging Scenarios
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Staging Scenario Science Impact
Scenario – 1:
 no dRICH
 no µRWell tracker behind dRICH
 no nHCAL
 no readout electronics of pECal and pHCal

 No high to medium-x SIDIS physics  TMDs, no flavor separated (un)polarized PDFs
 Compromised studies of hadronization and fragmentation, because of no PID in forward direction
 no exclusive, diffractive and rapidity gap physics  GPDs, Saturation
 No low y inclusive physics  no high x PDFs
 Compromised jet physics at forward and backward rapidities no neutral detection 
 degraded knowledge on jet energy scale and resolution

 No muon identification in forward direction
 No charged current physics

Scenario – 2:
 no ToF
 no nHCAL
 no photon-sensors and readout electronics of 

PID-detectors (dRICH, DIRC, pfRICH)

 No SIDIS physics at any x  no flavor separated (un)polarized PDFs, TMDs  
 Compromised GPDs physics as there will be no access to exclusive pseudo-scaler measurements.
 Compromised hadronization and fragmentation, because of no PID at any rapidities
 Compromised jet physics at backward rapidities no neutral detection 
 degraded knowledge on jet energy scale and resolution

Scenario – 3:
 no Si-sensors and readout electronics for imaging layers of 

bECal
 no Scintillators and readout electronics of bHCal
 no nHCAL

 Compromised jet physics at mid rapidity  no neutral detection  degraded knowledge on jet energy 
scale and resolution

 All of the advantages due to excellent position resolution allowing precise 3D shower imaging  
discussed on slide 14 - 16 in the answers to DAC 
(https://wiki.bnl.gov/athena/images/c/c3/DAC_ATHENA_all_questions_20220116.pdf) are not possible 
anymore, i.e Compromised π0 – γ separation  Impact on DVCS, e-π separation 

 Reduced muon identification especially at low p 

https://wiki.bnl.gov/athena/images/c/c3/DAC_ATHENA_all_questions_20220116.pdf


Installation Procedures for Staging Scenarios
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Staging Scenario Delayed Installation Procedure
Scenario – 1:
 no dRICH
 no µRWell tracker behind dRICH
 no readout electronics of pECal and pHCal
 no nHCAL

 Installation of dRICH and µRWell tracker behind dRICH requires to roll the central detector to the 
assembly hall, there they can be installed without further impact on other subdetectors.

 The readout electronics of the pECal and pHCal can be installed 
with the detector in-situ. The pECal electronics sits on its front face 
and the pHCal one on its back, this set-up allows to install it, if the hadron 
endcap calorimeters are in open position

 The nHCal can be installed without requiring to roll-out 
the detector into the assembly hall. To do so on requires its rail 
and support structure together with its cart. This hadron calorimeter 
can be built any time in the collider hall, but one would have to install from 
the beginning the flux return and the rails, and cart to open and close the nHCal

Scenario – 2:
 no barrel ToF
 no photon-sensors and readout electronics of 

PID-detectors (dRICH, DIRC, pfRICH)
 no nHCAL

 This is an installation intensive option, which requires the detector to be in the assembly hall
 To install the bToF and the photon sensors of the dRICH and pfRICH, requires to deinstall the µRWell

tracker, the both RICH vessels and the nECal. The order of installation would be 1st bToF, then both 
RICHs and after this to re-install the nECal and the µRWell tracker. The DIRC photon sensors can be 
installed after this as the design foresees an independent support structure. 

 The nHCAL procedure is described already under Scenario-1. 
Scenario – 3:
 no Si-sensors and readout electronics for imaging layers of 

bECal
 no Scintillators and readout electronics of bHCal
 no nHCAL

 The Astropix sensors and the electronics can be installed without roll-out to the assembly hall. If one 
installs the shelf-like structure built from the ScifiPb from the beginning, all can be installed during a long 
maintenance period from the forward and backward endcap sides with the pECal+pHCal and the nHCal in 
open position.

 If the steel structure, the scintillators are sandwiched between, is installed together with the barrel flux 
return bars, the scintillator tiles and electronics can be installed in-situ from the lepton and hadron endcap 
sides. The pECal+pHCal and the nHCal are required to be in open position.

 The nHCAL procedure is described already under Scenario-1. 



Costing,
a reminder
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• Complete 

ATHENA costing 

table:

• Assumed sub-

system delays: 2 

years with a 

growth rate of 

3.5%

• Staging only 

considered for 

construction 

costing!



Impact on escalated costing for Scenarios 1 - 3: 
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• Three scenarios considered assuming 2 years delay / 3.5% growth rate

• Impact: Cost increase ~$2-3M!



 In ATHENA proposal the costing 
construction is distributed over years 
2026-2029 with a near flat distribution over 
that period

 Staging some items with a 2-year delay 
results in moving part of the costing 
forward by 2 years

 In the approximation of flat costing 
distribution this would mean delaying till 
years 2030-2031 half of the cost of the 
staged items

 According to the different scenarios , this 
means delaying till period 2030-2031 a 
costing amount between 10 and 20 M$
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Cost Changes



 While some limited reduction of the costing rate in the early years of the project (detector construction period) can 
be achieved, the effect of staging results in an increase of the total project cost
➢Extra installation resources are not included in these estimates, even if they are probably not particularly relevant 

thanks to the careful choice of the staged items, where only items that do not imply major detector 
disassembly/reassembly have been considered

➢Also the relevant extra cost corresponding to support the work force for two more years is not included in our 
estimations 

 The impact of any staging scenario is detrimental on the physics reach of the ATHENA detector and, in case of 
further delays, would prevent to match the WP and NAS physics scope

 The impact of staging on the coherence and enthusiasm of the collaboration and in-kind contributions could not be 
evaluated in such short time
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Concluding Remarks
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