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Scientific motivation

¢ Well described in the $ and 3¢ case studies submitted to Showmass 2021

See

3 Towards an ultimate measurement of the Z peak cross sec-
tion
The Z peak cross section can be measured at FCC-ee with hadronic and dimuon events produced

at /s = 91.2GeV, with a potential relative statistical precision of @(107%). Together with the
ratio R, (Section 1), this quantity allows the determination of the number of light neutrino types.

A limiting systematic uncertainty comes from the absolute determination of the integrated
luminosity. A determination with low-angle Bhabha scattering is likely to be limited by a relative
theoretical precision of O(10~%) [6], but that might not be the case for large angle diphoton
production, ete™ — 7 (to be checked with actual full two-loop calculations [7]). The requirements
on the detector design to measure the absolute luminosity with diphoton events, and in particular
to separate these events from the large angle Bhabha background, will be studied.

Lumi measurement withete | g @
Acceptance determination fore*e | JHb

1 Towards an ultimate measurement of R, = Z{Z>hadrons)
o(Z—leptons)

The ratio R, can be measured at FCC-ee with an event sample of 5 x 10!2 Z produced at /s =

91.2GeV, and therefore benefits from a potential relative statistical precision of O(3 x 1076) for

each lepton type. It is a key quantity [4] that serves — in conjunction with the total Z decay width

and the peak hadronic cross section — as input to several fundamental quantities:

i) the measurement of the leptonic Z partial width 'y, a very clean electroweak observable
whose relation to the Z mass is the p (or T) parameter, and unaffected by agen(m2), with
a 107° relative precision;

ii) the measurement of the strong coupling constant as(m3) with an absolute experimental
uncertainty below 0.0001 (Section 5);

ili) the measurement of the number of light neutrinos with a precision of 0.0004.

(Experience from LEP showed that a limiting systematic uncertainty comes from the knowledge Q

the geometrical acceptance for lepton pairs. The requirements on the detector design to match
the statistical precision will be studied in the full context of the constraints from the interaction
region layout. As a by-product, the determination of the geometrical acceptance for the eTe™ — v
process (which may be used for the measurement of the absolute luminosity, potentially with a
statistical precision of a few 10~°) will be investigated — see also Section 3. The knowledge of the
acceptance for the more abundant hadronic Z decays, a much easier problem at LEP, will need to

\ be verified at the same level of precision.

/

¢ Just pick your case study !
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e A case study is aimed at detector requirements and theory precision constraints
To match systematic uncertainty to the FC@2e expected statistical precision



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

Luminosity measurement withe*e" | g gvents

¢ Atthe Z pole,s,, = 60 (40) pb foq",,, = 1® (20°) z Total luminosity = 45 ab'/ expt
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¢ Major systematic uncertainty :q°,, accuracy

¢ Challenging detector design tolerance
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e Even smaller for dileptons!
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NB. The detector is not in the colli_

¢ Crossing anglea,in the horizontal plane for crab waist collisionsa,& 30mrad
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Fig. 1 At FCC-ee, the beams cross with an angle g in the horizontal plane (x, z) (the plane
of this figure). The vertical axis y, perpendicular to this paper sheet - i.e., to the horizontal
plane — and the interaction point (IP) are also represented.

¢ Longitudinal boost e,due to uneven placement of RF along the ringg, & 0.02%

b = E(l T 60)




NB. The detector is not In the collision r-

¢ It originally appeared as an additional burden
e Lorentz transforms are needed in order to go from the laboratory to the CM frame and back
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e A polar angle ) cut in the collision rest framedepends ongandf in the laboratory frame
—— Detector design tolerance onq ANDf !

¢ Reality may actually be significantly brighter
e Thelarge crossing angle, if known precisely, provides anbsolute angle scald¢o each event
AEA AOI OOET ¢ Al Cl A 6bPOI bACA GAetyg/mambntudt Ednskrivation O A
Fundamental foran absolute in situ determinationof g, with e*te"| g gvents

e The dependence off onf is not too large T—= AT B
Tolerance onf is 2/a ~65 times looser than o |.e. ~ 450mrad at 10° T %0 ¢
450nmrad at 10° corresponds to a ~200m design precision in thef direction at f
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Reminder: EnergyMomentum cons_

¢ Total energy-momentum conservation applied to two-body final states (+ one ISR)
e For example, for dilepton and diphoton eventse*e | ete( gmm( gtitw( g) , g9gg (g

Etsinf% cos¢t + E~sinf” cos¢™ + |p)|tana/2 = /s/(1 — €2) tan /2
ETsinf"singt + E~ sinf~ sin¢™ =0,

E* cosf™ + E~ cosf™ + p) = ey/s/(1 —¢2)

E* + E~ + |p?|/cosa/2 = \/s/(1 —€2)/ cos /2

Where E are the measured energies of the outgoing'eni, ° or the forward/backward g

Whereg AOA | AAOOOAA xEOE OAODAKO MDAIAmMA U AQGEO
Wheref’ are measured with respect to the x axis in the plane transverse to the z axis,

Wherea g and the x, y, z axes have been defined previously
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Solve E, p conservation foa and e
¢ See this at the 2" EPOL Workshop for a stefby-step proof

e Crossing angle (valid even with an ISR photon)
sin (¢7 — ¢~ ) sin @7 sinf~
sin ¢t sinf@+ — sin¢@~— sin @~

o = 2 arcsin

e Longitudinal boost (here, the ISR photon is absorbed in thespread)

1 cosfT +x_cosf
E =

Y

cos /2

Fsinf7F sin ¢pT
:t — . . . . .
sin 0+ sin T — sin 6~ sin ¢~
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¢ Reduced lepton/photon energies: |z



https://indico.cern.ch/event/1181966/contributions/5049894/attachments/2512991/4319811/WG4_EnergySpread.pdf

¢

Mean value = nominal crossing angla, -~
oo = 29.9999 +£ 0.0006 mrad.

Crossing angle after one minute at _

Angles measured from dimuons in the tracker (assumed to be perfectly aligned)

One minute of dimuon events at s = 91.2 GeV, per experiment
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Initial State radiation

Boost&Spread: (0.020+0.089)%
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Horizontal beam divergence E[¢€",/b* ]2 =
¢ Almostinsensitive to ISR, and totally insensitive to the longitudinal boost and its spread 0 .°02 0 8 9)

2 [P
10" 285

29 29.5

30

30.5 31 31.5
Crossing Angle, o (mrad)

The spread of the distribution is dominated by the muon angular resolution (her® . nfrad)

&14d) is the nextto-largest contributor
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Longitudinal boost after one min_

¢ Angles measured from dimuons in the tracker (assumed to be perfectly aligned)

Mean value = nominal boostg, -~

e The spread is dominated by the natural beam energy spread

Initial state radiation is the next-to-largest contributor
¢ Marginal contribution from the muon angular resolution




