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Why do we need to measure electron efficiency ? Organization of tag & probe machinery in CMS T g l
+0One of the first measurements at LHC will be that of the W and Z boson ”:5 0o

production rate. To perform this measurement in the electron channel we Define g and Probe . ~ Super cluster — GsfElectron

need to determine the electron reconstruction efficiency with good precision. 0 oss  reconstruction efficiency in two
4+Other early analyses using electrons, including new physics searches, need 05l s dimensions as a function of Er and n
electron efficiency as input. rag and Probe 1 o
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Tag & probe technique for efficiency measurement
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4 Tag & probe (TP) is a powerful data-driven technique to measure
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reconstruction efficiencies from standard candle physics processes | TP Analyzer \ i 2‘321&23 Eicenes T (GeV)
*Z—e'e" decay can be used to compute electron reconstruction e AN nput RooF Histograms. Efficiency for electron selection in W/Z analysis
efficiency with good statistics in the pt range 20 to 60 GeV/c Trees + y oo
e imi MC Histograms Select _ 1 = cceptalice
Similarly, J/y or Y decay for low pr electrons - W/Z cross-section: vsignal i
*Goal: efficiency table as a function of n and pr g = A f s /
4 Choose a reference process: Z—e'*e- € £ = Int. luminosity
*Choose a tag electron: “high quality” reconstructed electron Basic electron reconstruction monitoring For W: € = €5ffline X Ctrigger
*Choose a probe electron: probable electron based on criteria to study B N B N
4 Requiring the tag-probe invariant mass to be consistent with Z boson Tag selection: Probe selection: ForZ: €=¢€“m: -€m. - [1 _ (1 — €€ . )(1 — €. )]
mass yields a high-purity and almost unbiased sample of probe electrons e GsfElectron: super cluster seed eSuper cluster (Z)fﬂme offline Qtrlgger .trlgger
*Several different strategies for handling background matched to a track e\\ithin the acceptance of the = € Mine " [1 _ (1 — € trigger) ] (as.s.ummg same
= Sideband subtraction, signal+background likelihood fit, etc. e Within the acceptance of the tracking tracking system and the efficiency for e+, e-)
system and electromagnetic calorimeter| | electromagnetic calorimeter _
How does TP work for electrons from Z decay ? oE;> 20 GeV/c. oE. > 20 GeV/c.
: e Track isolation, “Loose” electron ID e [ag-probe invariant mass must
N - CMS Preliminary %““ e Trigger-matched be consistent with Z mass
N B ; W—-ev
E1000f bt =10pb Obtain factorized efficiencies
g :R } for passing probes:
[ “Reconstruc
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offline electron reconstruction electron trigger _
il ] . | efficiency with respect to efﬁqency W"T't' 2% 40 60 80 100 28040 60 80 100
S (I | ], P, acceptance offline selection E. (GeV) E, (GeV)
SGEH R Pie: Offline electron efficiency for Z—e+e-  Offline electron efficiency for W—ev
Tag Probe % 70 80 92‘ 1_({(()5 ; \}/%2)120 Super cluster = GsfElectron reconstruction efficiency | events at 10 TeV (loose selection) events at 10 TeV (fight selection)
Probe efficiency for passing some selection criteria can be computed as Fassing Teg-Prohes | ‘L (Faling Teg-Probes | g 2'2 I:”’
350 TP invarian w120 '
N. : > f s > I 1.5 ~0.8
¢(Probe) = P55 Probes - (jgeq|: Monte Carlo truth) Savo inwhich the, . 21%0F T 1
N all probes %iz o r(,)be,-p assis the soF 0.5 0.6 Efficiency for the reconstructed offline
Np i election criena g gof 5 o5 electron to pass the single electron
— : . Np : #TP pairs with passing probes i _ _ _ ' _ _
e(Probe) Np + Ny (in data: from tag & probe) N; 4TP Eairs with famnggpfobes :Zz s0F T/;_"LV?hﬂant IZanS {;Ofﬂcjvenfs in 0.5 o4  trigger (non-isolated, ET>20 GeV, large
p WIen e probe 1als The 2 03 pixel-matching window) criteria for
Perform a maximum likelihood fit of the TP invariant mass to B T ZOSelect/onor/ter/a 45 02 Z7—rete- and W—ev events at 10 TeV
simultaneously compute Np, N, and efficiency in each n, Er bin of the B0 B B B o e (o W 2 0.1
probe. The Z mass signal is modeled by the Breit-Wigner lineshape with My M C e ra— 50 g0 00
Gaussian resolution. Background is modeled by a polynomial or g 1 ¢ 1 Super cluster — E (GeV)
exponential function or some empirical shape. S =, | : 2 A * 1 GsfElectron Summary
: : i 0.9=—y— == 0.9 i | 1 efficiency as a
CMS |mplementatlon of tag & probe 0a o | s 1 function of n, Er: 4 We need to be calibrate electrons and compute their efficiency for
4 A unified software package to compute electron and muon efficiencies: : 1 . = important early physics measurements at CMS
. - Us=10Tev [Lat=100b” 1 0.7- October exercise N . . . Inclusi 7 dw ducti fi I
from Z decay for high pt e/u and from J/y or Y decay for low pt e/u 0-7} = 10TeV, fLat=10p I 7 ectoTev, fLat=tops’ - II!(eIIhOOd fit NCiusive £ and vv production cross section measuremen |
<4 Efficiencies can be easily recalculated for different selections, in a 0.6- 1 0.6 ‘ 4 = sideband sub. ‘Integrated luminosity measurement using z produp’uon Cross sect!on,
configurable way i 0 ] - ] 1 = MC truth -Other electron analyses: Z/W+jets, top, new physics searches: W/Z’, SUSY, ...
4 Developed entirely by LPC/ USCMS people 0.5 5oy e 050" 20 60 80 100 120 [ Data driven techniques developed & demonstrated to work in Monte Carlo
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