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Formfactor measurement with Z—41

mu-+  Z decays to real lepton and
virtual one

« Z—1l vertex depends on
lepton virtuality Q,epon?

* This vertex function is called
“form factor” V(Q)

V(Q) Is sensible to
Interference effects
from New Physics
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Theory
Effective Lagrangian with CP-violating effects:
Lop(z) =) [fx-’ff{ff’}*.r’”f{f} + faff_@{f}fr"l"’?-"'sf{f]: Z¥(z) [0,A,(z) — 0,A,(x)]}
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D(Z — (16 ) .
sm(Z — €+6—) YISa cut parameter

for 2-particles moment sum:

Exp/MC ratio r() =+

R(y) -1 ATcp( fue, far;y) 5
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Form factors restrictions:
o+ 2, < (262
242 < (26)

- Re+ =1 will lead to deviations
i of R(y) from 1 of up
\ to about 10% at y=0.2

-~ D. Bruf3, O. Nachtmann, P. Overmann
CP Violation in radiative Z Decays
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Invariant mass for Z — 4p In our

8160 Data 8 TeV Entries = 1267
=y 403_ 20.3 fbl alp = 0.81 +/- 0.06
§ [ Z—4u mO = 90837 +/- 139
“120— P, >2 GeV nbZ = 481 +/- 24
_ nn= 3 )

100 — nsZ= 786 +/- 28

80 f_ sigma = 2879 +/- 134
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High statistics is provided by low Pt and no m lepton selections



Event selection for 2012 data

Preselection
Standart HSG2 cuts without J/y veto and m;, cut
Each lepton is identified as loose (at least)

P, > 2 GeV for each lepton and [n|<2.5 for muons and
In|<2.47 for electrons

Cuts
Track isolation Y P/P, < 0.1
Calorimeter isolation Y E/E, < 0.5
Sum of Pt > 60 GeV
dolcsOIO < 5 for muons
40 <m,, <80 GeV
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For this analysis we take only Z—4I region of the plot

6



Invariant mass distribution of the
leading lepton pair, m,,

[ Datag Tev . ZX bacl_<ground IS huge,
- 20.3fb! but easily reducible
- Z—4u
800 p > 2 GeV
600_—
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For this analysis we take 40 < m;, < 80 GeV to reduce Zx bkg



Invariant mass distribution of the
subleading lepton pair, my,
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20.3 bl
Z— 4p
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2|P¢| VS My, for Z—4p
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Z—4u before and after ) [P, | cut

Data 2012

Data 2012 : Rejected
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Invariant mass of 4 leptons with soft cuts

Data 2012
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Q — distribution in MC with only FSR diagram divided to
Q — distribution in MC with all tree level diagrams

(%)
Q)FSR
" - 2 ®-Q
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Q distribution for Data-2012 divided to
MC-truth level Comphep (4u + 4e + 2e2p )
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Z—4p comparison with full MC

Event Selection for Data and MC:  _ Points — data

* Track isol > P/P, < 0.1 160~ Data 8 TeV :

* Caloisol YE/E,<0.5 ol 20.3 fbl Red hist —mc (NLO)
« four leptons with P, > 3 GeV - Z— 4p

* Sum of Pt > 70 GeV 120

s m12 < 80 GeV 100

80

60

Powheg generator cuts 40

°m; > 0.25 GeV
«four leptons with P,>3 GeV, 20F .
°m,,> 40 GeV ) L ah
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mcl2_ 8TeV.147225.PowhegPythia8 AU2CT10 _ZZ 4mu_mll025_4lpt3_m4l40.
merge.NTUP_SMWZ.e1750 s1581 s1586 r3658 r3549 pl1328
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Z—4u fit with shape from MC

c0=-0.74 +/- 0.1

§ 120 I 1 m.0.22 #- 0.2 Data 8 TeV
© as = = -0.22 +/- 0.

- Entries = 744 Cz 05 et 01 20.3 fbL

»n cZ= 0.0 +/-0.

I /— 4

g 100 nbZ = 161 +/- 18 M

nsZ = 583 +/- 27

80 _
Event Selection:

* Track isol > P,/P, < 0.1
* Caloisol Y E/E,<0.5
* P, >3 GeV

« Sum of Pt > 70 GeV
*m,, < 80 GeV
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To estimate number of signal and background events the fit was provided in each Q-bin.
Signal shape was taken from Powheg full MC and background shape was fitted with
Chebyshev polynomes.



Z—4u fit with shape from MC

R(Q)
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Powheg MC is multiplied by factor 1.32 taken from Powheg/Comphep
Ccross sections comparison at truth level 17



Z—4u fit with shape from MC

R(y)
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Powheg MC is multiplied by factor 1.32 taken from Powheg/Comphep
Cross sections comparison at truth level 18



Conclusions

We report Z—4l soft selections resulting 1n high statistics

It allows to measure Z—21 vertex dependence on the
Qiepton” (OF Cross section dependence on Q0%

Z—?2l vertex dependence on the Qe IS S€NSible to
Interference with New Physics

To measure Z—21 vertex dependence on the Q00" ONE
needs:

o Z—41 MC with low P, > 2 GeV

o Recommendations for p/e with low P, > 2 GeV

First look at Z—4p gives f,, + f,2 about 0.5



Back ups



Z—4p form factor measurement — first look
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Z—4e comparison with full MC

htemp
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Tree level diagrams - 1
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Tree level diagrams - 2
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Invariant mass for 4 leptons
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do/ 0y, Tor soft muon (3)

soft muon
1200 — Entries
~ Mean 1.14
RMS 1.356
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Calorimeter isolation
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Transverse momentum distribution

Zto4 mu
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Zmass1i

Zmass1
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Q - distribution for Q;, and Q,,,

points- - data

htemp

Entries

744

Mean 4.315e+04
RMS 2.737e+04

Hists — powheg mc
(normalized to number

of data events)

80

100 120 140

160

Qm

x10°

31



Q,vs Q,, for Powheg MC
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MC Samples

 Powheg

mcl2 8TeV.147225.PowhegPythia8 AU2CT10 ZZ 4mu_mll025 4lpt3
_mdl40

M_II>0.25 GeV

m_41 > 40 GeV

pT >3 GeV

* Comphep

Private sample Z -4 u at truth level
M_II>0.5 GeV

* Sherpa

Mc12 8TeV.189608.Sherpa_CT10 Illl_ZZ MassiveSB
M_ee>0.1 GeV

pT>5 GeV for two leading leptons



PowhegPythia/ComphepPythia

comparison
htemp
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Powheg/Comphep comparison
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