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https://indico.cern.ch/event/1275091/contributions/5356982/attachments/2630108/4552606/AcceptanceDiPhoton.pdf


Scientific motivation
Ç Well described in the 1st and 3rd case studies submitted to Snowmass 2021

É A case study is aimed at detector requirements and theory precision constraints

¸ To match systematic uncertainty to the FCC-eeexpected statistical precision 

Č Just pick your case study !
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See https://www.overleaf.com/read/nknybgrqqwbp

Lumi measurement with e+e-Ịgg
Acceptance determination for e+e-ỊЉ+Љ-

https://www.overleaf.com/read/nknybgrqqwbp


Radial tolerance (in mm) at z = 2.5m

A. Blondel and M. Dam

Luminosity measurement with e+e-Ịggevents
Ç At the Z pole, stot = 60 (40) pb for q*cut = 10o (20o) ɀTotal luminosity = 45 ab-1 / expt

É Total of 3 (2) 109 e+e-Ịggevents / expt DL/L~2.10-5 stat

¸ Cross section is strongly peaked forward/backward

Č Major systematic uncertainty : q*cut accuracy

Ç Challenging detector design tolerance

É For q*cut = 20o

¸ Dr Ḻ27 mm & DzḺ75 mm

É For q*cut = 10o

¸ Dr Ḻ16 mm & DzḺ90 mm

É Even smaller for dileptons!

¸ Dr (Dz) Ḻ8 (22) mm at 20o

Ç Angular cut accuracy (10/20o)

É Dq*Ḻ6.5 (10) mrad for gg

É Dq*Ḻ5 (3) mrad for dileptons
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Ç Crossing angle a0in the horizontal plane for crab waist collisions: a0ḗ30 mrad

Ç Longitudinal boost e0due to uneven placement of RF along the ring: e0ḗ0.02%

NB. The detector is not in the collision rest frame 
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NB. The detector is not in the collision rest frame 
Ç It originally appeared as an additional burden

É Lorentz transforms are needed in order to go from the laboratory to the CM frame and back

É A polar angle (q*) cut in the collision rest frame depends on qand fin the laboratory frame

Detector design tolerance on qANDf!

Ç Reality may actually be significantly brighter 

É The large crossing angle, if known precisely, provides an absolute angle scaleto each event

¸ 4ÈÅ ÃÒÏÓÓÉÎÇ ÁÎÇÌÅ ȱÐÒÏÐÁÇÁÔÅÓȱ ÔÏ ÆÉÎÁÌ ÓÔÁÔÅ ÐÁÒÔÉÃÌÅÓ ÔÈÒÏÕÇÈ energy/momentum conservation

Fundamental for an absolute in situ determinationof q*cut with e+e-Ịggevents

É The dependence of q*on fis not too large

¸ Tolerance on fis 2/a~65 times looser than on q, i.e. ~ 450 mrad at 10o

450 mrad at 10o corresponds to a ~200 mm design precision in the fdirection at f = p/2 5
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Reminder: Energy-Momentum conservation
Ç Total energy-momentum conservation applied to two-body final states (+ one ISR g)

É For example, for dilepton and diphoton events, e+e-Ị e+e-(g), m+m-(g), t+t-(g), gg(g)

¸ Where E°are the measured energies of the outgoing e°, m°, t°, or the forward/backward g

¸ Where q°ÁÒÅ ÍÅÁÓÕÒÅÄ ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ Ú ÁØÉÓ ÉÎ ÔÈÉÓ ȱ&##-eeȱ ÆÒÁÍÅȟ

¸ Where f°are measured with respect to the x axis in the plane transverse to the z axis, 

¸ Where a, e,and the x, y, z axes have been defined previously

¸ 7ÈÅÒÅ ЏÓ ÉÓ ÔÈÅ centre-of-mass energy of the collision
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Solve E, p conservation for aand e
Ç See this didactic presentation at the 2nd EPOL Workshop for a step-by-step proof

É Crossing angle (valid even with an ISR photon) 

É Longitudinal boost (here, the ISR photon is absorbed in the espread)

É Reduced lepton/photon energies:  
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https://indico.cern.ch/event/1181966/contributions/5049894/attachments/2512991/4319811/WG4_EnergySpread.pdf


Crossing angle after one minute at the Z pole 
Ç Angles measured from dimuons in the tracker (assumed to be perfectly aligned)

É The spread of the distribution is dominated by the muon angular resolution (here 0.1mrad)

¸ Horizontal beam divergence ( =[e*x / b
*
x ]

1/2 = 84 mrad) is the next-to-largest contributor

Č Almost insensitive to ISR, and totally insensitive to the longitudinal boost and its spread (0.02 °0.089)%
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Mean value = nominal crossing angle a0



Longitudinal boost after one minute at the Z pole 
Ç Angles measured from dimuons in the tracker (assumed to be perfectly aligned)

É The spread is dominated by the natural beam energy spread

¸ Initial state radiation is the next-to-largest contributor

Č Marginal contribution from the muon angular resolution
9

Mean value = nominal boost e0


