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History of the W Boson

Discovery of Radioactivity
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1899:
1900:
1901:

Henri Becquerel: Uranium; M. and P. Curie: Thorium, Polonium, Radium
Ernest Rutherford: Alpha vs. Beta (minus) radiation

Paul Villard: Gamma rays (Rutherford identified in 1903)

Rutherford and Frederick Soddy: Alpha and Beta change nuclear atomic

number!

Mass number unchanged: angular momentum must change by whole number

Momentum, angular momentum, not conserved by electron + atom alone.
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History of the W Boson

Discovery of Radioactivity

» Wolfgang Pauli and Enrico Fermi: “neutrino” (Pauli called it a “neutron”).

» Enrico Fermi: particle creation and annihilation (not just for photons!)

» Fermi (1930s), Sheldon Glashow (early 1960s), tried to unify EM + weak force
» 1966-7: Abdus Salam, Steven Weinberg, John Ward succeded: SU(2)xU(1)!
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The W boson et. al.:
The Particles of the Standard Model and their Interactions
» Fermions make up matter

P Interactions mediated by the bosons
> Massive gauge bosons (Wi

Standard Model of Elementary Particles and Z) transmit weak force
I T e » Massless photon transmits
I Il i electromagnetic force
';;ML‘V,’c;J ;:Buscnv/ca ;;:zuecv/:’ Z ;nsnaae'v-/; > Unlfled (before Symmetry
e @ |- @ |- @ || a o breaking) as “electroweak”
up charm l top | l gluon Higgs force
“asmeuct “ssmevc: 418600t 0 > Gluons transmit strong force -
13 -1/3 -1/3 0
e @ |- @ |- @ ||| @ for quarks only

down strange || bottom || photon > Higgs is responsible for mass

of all massive particles
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The particles!
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How does the W get its mass?

Electroweak Symmetry Breaking!

v

vvyyvyy

Gauge symmetry: Lorentz transformation leaves energy (Lagrangian)
unchanged.

Standard Model Lagrangian: No mass terms (i.e. ~ m¢?) without Higgs!
Higgs + Gauge Covariant derivative allows rewriting.

New form has mass terms!

Verify relationships between mass terms, validate SM!

iyes

My (1 — M2,/ M2) =
W( W/ Z) \/EGF

(14 Ar)

Ar includes correction terms from the Higgs and top quark

M. Brochmann
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Current tensions between Measurement and theory

= with M,, measurement
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» solid line: SM fit with “minimal input”: My, ocs(M%), Mz, GE, Aozhad(M%)
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Current Tensions Between Measurement and Theory
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» Similarly, simultaneous “indirect” determination of W and Z mass.

» [lllustrates potentially stronger effect of narrowing W experimental uncertainty.

M. Brochmann
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Previous Measurements of the W Mass

» 1983: First measurement of W and
Z by UA1 and UA2 at CERN'’s

» Contributi in MeV) to th tainty i
Super Proton Synchrotron (SPS) ontributions (in MeV) to the uncertainty in

the 4.3fb~! Runllb12 measurement.

> 81+5 GeV and 80 4 10 — 6 GeV [ Source [mr [ 5% | Fr ]
» Nobel Prize for Carlo Rubbia and Experimental:
H Electron Energy Scale 16 17 16
imon van der Meer gy
S Electron Energy Resolution 2 2 3
Mass of the W Boson Electron Shower Model 4 6 7
Measurement M, [MeV] Electlrlo:/l E;elrgy Loss g g 144
ecoil Mode
Electron Efficiencies 1 3 5
CDF 1988-1995 (107 pb™) —_——— 804321 79 Backgrounds 2 2 2
DO 1992-1995 (95 pb) ——@—— 80478+83 2~ Experimental 18 20 24
CDF2002-2007 (2.2 fb’) -~ 80387 + 19 W Production and Decay Model:
PDF 11 11 14
Do 2002-2009 (5.3 fb') s 80376 * 23 QED 7 7 9
Tevatron 2012 - 80387 + 16 Boson pr 2 5 2
LEP —& 80376 + 33 Z Model 13 14 17
world - [ > Systematic [ 22 [ 24 ] 29 |
orld average & 80385t 15 ‘ Statistical ‘ 13 ‘ 1 ‘ 15 ‘
[ Total [ 26 [ 28 ] 33 ]
L ] s
80200 80400 80600 » Runllb34 will add about 3.7fb~!
M,, [MeV]
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Competetiveness with the LHC

Tevatron Backgrounds
» W Production channels:

B—{—c_f—>W_
u+d— Wt

» To measure W mass, we need to
select W events from data

Electron
» Backgrounds are non-W events that
look like W events, so they sneak
into the data sample
v, » Main backgrounds: QCD, Z — ee,
Elcctron-ncutrino and W — 73v
Anti-Proton Increasing Lime
'E"ccc DORunll 4.3fb"" 51533 DORunll 4.3fb"" £ 600 DORunll 4.3fb""
3 900p - 1400 ’ S1400 "
£ 800F — W >t —>evv £ — W—>1v—>evvw € — W1t —evw
2700» —Z—>ee 21200 —— Z—ee 21200 — Z—ee
w 600 —— Multijet m1000 —— Multijet Iu1 000 —— Multijet
500 800) 800
400 600| 600
300
200 400| 400
100 200| 200
%0 60 70 80 90 100 95303540 45 50 55 60 25 30 35 40 45 50 55 60
M. Brochmann M; (GeV) p,(e) (GeV) MET (GeV)
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Competitiveness with the LHC

Is it worth it?

roton - (anti)proton cross sections .

10_ P (anti)p - » QCD jet background comparable
T T . . .
" : : " with W production cross section at
? Co | ° Tevatron energies (2 TeV)
0 E Tevat LHC: {10 .
" evatron ¢ . » At LHC energies, (13 TeV), an order
of magnitude larger!

10° | 410" 7,
ol o 1 » (But LHC jets very well modeled.)
10° b 410 T T T T

o (E > E20) ATLAS ® Mw
10° i 4107 Preliminary «= Stat. Uncertainty

, : — Full Uncertainty

10 [ o, 310

s (nb)

events / sec for £ =10 cm®s

. % N LEP Comb. @-£0376£33 MeV.
10° | ot 110
6,(E;' > 100 GeV)
10-1 L 1 10-1 Tevatron Comb. o 80387+16 MeV
102 [ 4 10? LEP+Tevatron @-80385:15 MeV/
10° L 410° ATLAS _ -80370:18 Mev
10* | +410*
Electroweak Fit ___@-80356+8 MeV
10° [ M,=125 GeV 1 10° I | | |
80320 80340 80360 80380 80400 80420
10° £ 410° m,, [MeV]
wisz012
107 L L 107
04 1 10 » ATLAS measurement, December
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Overview of the Tevatron

The Tevatron accelerator

Tevatron ring

Tevatron
m
Chicago
ILLINOIS

Source: Fermilab

M. Brochmann
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Tevatron Luminosities

B * Run Il Integrated Luminosity
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Overview of the DO Detector

A ! i ’
= i 1[N & &
i ESETy s ooy s
d _ —
B ==
. Aol Lol b :
L. i i i : A = i T
| Iracking System: Silicon, Fiber Tracker, |

rackil
4} Solenoid, Central & Forward Preshowers I Fiber Tracker/Preshower VLPC Readout System :

{m}

M. Brochmann
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DO Detector: Trackers

Detailed momentum measurements of charged particles.

ad ady
‘\\' \\\, 4’
,// 52 Vt
"

» Silicon Microstrip Tracker
(SMT)

Preshower

Solenoid

Fiber Tracker

Silicon Trat

LN s s e e e e e e

T S T T S TN I S R S A A MR Y
s ET) Do 00 05 o 15
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p
one 4.5° sector CPS Axial Layer

(enlarged view above)

» Center Fiber Tracker

Typical detector

N Calorimeter
Interaction Magnetized volume  Induces shower
point Tracking system in dense material Absorber material

\ v
oty
] ’
t Inl'('.‘"m'ost EM layers T o
racking layers fine sampling  Hadronic  Muon detector

use silicon

layers
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DO Detector: Central and End Calorimeters

Detailed Energy Measurements from Particle Showers

D@'s LIQUID-ARGON / URANIUM
CALORIMETER

» Liquid Argon - Uranium Calorimeter
P Segmentation in towers of An x A¢ = 0.1 x 0.1
» Full coverage up to n =~ 4.0

M. Brochmann
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W Boson Decay Signature

Quantities to measure

Proton

Elcctron
(&

Electron-neutrino
Inereasing time

Anti-Proton

» Missing Transverse Energy (MET):

mr = /2p%P(1 — cos(¢¢ — ¢7))
(1)

M. Brochmann

in the Detector

Energy under the electron cone

Soft Recoil

Min Bias

I—iaﬁ:l >Rie‘c;>i|
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W Boson Decay Signature in the Detector

The “unrolled” calorimeter

N
IR RERREFRERE N

» Red is EM trigger event
» Green represents direction and magnitude of MET (sum of all CC cell momenta)

» Blue is QCD jet - maybe part of the recoil

M. Brochmann
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Calorimeter and Tracker Event Selection Criteria

» |solation: Electron showers deposit most of their | s
energy in a narrow cone:

E'C(AR < 0.4) — ERRS(AR < 0.2)
EUnc(AR < 0.2)

<0.15 s =l

ﬁso =

» EM fraction: A true electron will deposit nearly all

of its energy in the EM layers of the calorimeter. 3 010 1
Therefore the EM fraction < [ @ Do
4
EBRS(AR < 0.2) H
fem = Func(aR < 0.2 3
tot( <0. ) ? L =
c w ™
» HMatrix: Multivariate likelihood based on shower ‘
shape and energy 5% 5530

Depth (X
» Loose Track Match: track is within 0.05 in An
and within 0.05 in A¢. An

s (A2 2
» Tight Track Match: quality of match satisfies XT™ = (g) (o’n )

5 .
P(x%p) > 0.01, at least one SMT hit. > o, and oy are measured
n

resolutions of A¢ and An.

M. Brochmann
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Measurement Strategy: What are we actually measuring?

» Place events into "distributions” - histograms of p, mr, and Er

» Shape is differential cross section (modified by detector effects)

> p;r: e transverse momentum

08 2\ —1/2 2
g 2:077 (a) Do l do — i 1-4 (p%—) 1- (2p?,—)
3 0.06] o (dp?’_)2 Ma/ I\/Ilz,v

£ 0.05f
2 0.04f

» “Jacobian Peak” at: p$ = =%

» Simulated spectra (left):
> Black: w/o p-,V-V or detector effects
> Light blue: include p¥
> Red: include p7V_Vand detector effects

> ma\—/: W transverse mass

0.04 P Different systematic uncertainties!
(b) Do

> mg-v mainly detector resolution of recoil
measurement
. W .
> p?- malr_‘lly_mT, also recoil system, ISR
(W radiation)

P Also use MET for cross check. (affected by
all systematics)

Normalized Events / 0.5 GeV
(=] o
g 8§

0.00 £ L L L
50 60 70 80 20 100
my (GeV)

M. Brochmann
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Measurement Strategy: The Template Method

! 1
) 2 o
Zo1s
o )
£l it a o 2
005 i g s
%
(Ge) # L L L L L L
I e %
b » Create many versions of predected spectra of
J mr, pe-r, and MET, in a range of W masses
1 » Best spectrum tells us the W mass.

e » Templates must include detector effects, so
spectrum shape is non-analytic: Need Monte
Carlo methods for this.
Final Exam June 1, 2017 20
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Monte Carlo Simulation: Generators
Simulating W and Z production and decay

. P Generator accuracy important for:
N > Total cross section (important for
ot s o ion background subtraction)
> Transverse momentum of vector bosons
and hadronic recoil
> Final State Radiation (FSR) effect on
pS spectrum

b) W final state 1lm radiation
P Output is 4-vectors of decay products:
[ leptons, hadronic recoil

» Complete Generator level simulation:
all electroweak, QCD corrections {
» We don't simulate everything, just: W
» QCD corrections
> up to two FSR photons

» Error =~ 10MeV (WGRAD, ZGRAD g
studies)

M. Brochmann
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Monte Carlo Simulation: Full Material vs. Parametrized
Simulating the decay products in the detector

» Detector simulation: From 4-vectors of electron(s), recoil (individual particles
for FullMC?), simulate response in detector and tracker

» Full Detector Simulation: Material level simulation - detailed simulation of
particle interactions and energy flow through tracker and each detector cell.

P> We use a simulator called GEANT (“GEometry ANd Tracking”)

» GEANT takes a LONG time to run

P> Need FAST generation of samples: less detail, similar
output: parametrize output to get observables used
for measurement

> Why bother with a FullMC? Two reasons:

> 1) large number of events with accessible truth
values allows us to create high-quality base tune/ T ————
of FastMC, which we then improve to match
data

> 2) we can test our method by using our base
tune of the FastMC to measure the Z and W
masses from the FullMC

» Next: How to tune the FastMC

M. Brochmann
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FastMC Detector Simulation Overview

Primary Vertex simulation: where in z is boson produced?
FSR: how does it affect p7°°°
Electron response: How much electron energy does the calorimeter “see”?

Recoil response: How much energy (ur) from “everything else”?

vVvyvyvyy

Efficiency: How good are we at “catching” electrons?

v

NOTE: We create two versions:

> One to model FullMC (the “GEANT" FastMC)
> One to model collider data (the “data” FastMC)

» Output of FastMC is reconstructed p5%, iT

M. Brochmann
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Final State Radiation (FSR) Simulation

0.40 <A

o
02|
04
08
8

E
-1.2]
1.4

R<045

Large AR

0702030405087 07 08 09
 Energy Fraction

0.10<A

of
-0.05|
0.1
-0.15}
-02]
-0.25¢
03]
-0.35}
-0.4f

0.00 <A R<0.05

R<0.15

Int. AR

610203704 05 06 07 08 09
v Energy Fraction

Small AR

SRR TR U TON IOV TV IOV
Bz ss 5755
rochmann 1 Energy Fraction

K(X, p§, AR, Nphys, InstLumi) is energy lost by
electron in units of the FSR photon energy.

Measure from dedicated FullMC simulations with and
without FSR:
o= E&%OFSR — Ereco
Eg]r?leFSR - Etrue
_ Eno FSR _ Foco
X - EfodsR

» X is photon energy fraction.
> AR is separation between electron and photon.

» high AR: photon outside reconstruction window, all

energy “lost”; Kk = —1

P large values of X and intermediate AR: cluster

reconstructed around photon, most of energy is
“caught”; k = 0

» low AR: the larger the photon energy fraction, the

less energy is lost to bremsstrahlung; x depends on X

» For each FSR photon from the generator, modify

Ereco according to k(X, p%, AR, Nphys, InstLumi)
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The Electron Response Simulation

Determination of the Scale and Offset

[ Full MC M, vs. f, Distribution |

ZCandMass _V_fz_cocc 2

» Scale FastMC calorimeter response
to match data or FullMC:

Rem (Eo) = o~ Eo + 3 (2)
» Tune a, B, with 2D distribution of
m!Z'ZeCOv fZ

» me is invariant dilepton mass

M = mee = \/2E91E% (1 — cosw)
(3)

Offset(B)

> 7

s sensitive to opening angle
(E® + E®2) - (1 — cosw)

mz

fr=

(4)

» Perform fit in four InstLumi bins.

M. Brochmann

o
i

0.35]

o
w

0.25]

0.05]

=)

o
o 2 o
2B S

A LT L S e

Entries 111807
Mean x 1826
Mean y 90.94

RMS x
RMSy

I L L L L L Ll L
1.005 1.01 1.015 1.02 1.025 1.03 1.035 1.04 1.045 1.05

Scale(a)
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Efficiencies: Definition

» Efficiency: probability that “signal” (here an electron) will pass a given
selection, or “cut”.

» Defined relative to base sample (previous selections): ORDER MATTERS!

» If the efficiency depends on a variable that is correlated with a measurement
observable, it affects the measurement.

P> We need to model efficiencies that affect our measurement observables.

» Simulate with random number between 0 and 1: If rand < eff, keep the event.

M. Brochmann
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Order of efficiencies

P> Trigger efficiency
» FSR dependent efficiency
» Electron ID Efficiencies:

> HMatrix
> Loose Track-Matching
> Tight Track-Matching

» Residual ScalarET efficiency
» Residual Efficiency Corrections (for data only)
P> Upara efficiency

M. Brochmann
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Efficiencies: How to Measure

> “Truth” method in FullMC
> Know which events are signal
events.
> Simply apply selections and

» Tag-and-probe method:

> “tag" Z — ee events with a
candidate electron that matches

the cut. . .
> Test whether other “probe” calculate Pass/(Pass+Fail) ratio.
electron passes the cut. » Background subtraction method in data.
> Pass/(Pass+Fail) ratio from > Predict shape of signal and
“probe” electrons = efficiency. background distributions in some

variable (e.g. mee).

1
{E “é > Fit signal and background
s f JUBIUUURURPIRRR template to data distribution.
& eees > No need for “tag”.
jd > Matches “truth” method in
E —e— No request on the other elec. FU”MC

—o— T
os- P Ratio methods (for residual final
0t efficiencies).

55 60 65

> Beware a bias when meé{ﬁﬁ'ﬁ’;f?a Py > Determine reweighting needed to
dependent eff. for a calo-based selection. match FastMC to FullMC
distribution.

> OR measure ratio between FullMC

and data efficiency.

Apply reweighting as an efficiency.

> Low p% electrons have high pr partners.
P Recoil effects artifically lower the
efficiency. >

M. Brochmann
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REMINDER: Measuring Hmatrix efficiency in FullMC

P Simply extract signal which passes and fails the Hmatrix cut in the

—— FAIL hmatrix

efficiency window:

M. Brochmann

N signal, FULLMC
10

rix

every
p% bin
7
b g
RGP
= — FAIL hmat
every -
P
pT bin
pr——

Final Exam June 1, 2017
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REMINDER: Measuring Hmatrix efficiency in FullMC

» Hmatrix cut efficiency in Full MC:

1.08 — FULLMC

1.06

1.04

1.02

1

0.98

— 0.96

I

0.94

I
I

0.92

0.9

0.8%

T

w
o
W
a
I
=)
IS
[l

50 55 60 65

M. Brochmann
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REMINDER: Measuring Track Matching Efficiency in Data

» Must subtract background to extract signal which passes and fails the
Hmatrix cut:

- I ———— plcofr_37.000_39.000] N signal, DATA
——DATA ASS hmatrix
T Data: 42}65.00
. Bkgd: 749000 —

1 a7207p0008
oy iy
o0 b every
enimarl1 07 b
a0 p7 b
Suy: 26146 08122 _—

T30 140
M(ee), Gev
picofr_37.000_39.000)
= oara

Data: 22064.00
Bkgd: 8755.00
1010002000
P, 914750:0.481
Pk 89 Ja79:0.4
sh1.4200:0317
sig: 200020065

& [
PT bin (Gev)

AIL hmatri

s, 220797213541 ever
Fbel e very i
P 7y pT bin F

S,y 2074 264208
B, 8394 74x182

Eff,; 041430 e
4 i 04273 E =

< L L s 34032 L.
60 70 80 90 100 110 120 130 140 2 3 3 a a E o [
M(ee), GeV PT bin (GeV)

M. Brochmann
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The Electron ID Efficiencies

Run 4 Tight Track Matching Efficiency

1.5g000000
00

» HMatrix: p$ dependence from single electron
FullMC

» Track-Matching: Use Tag-and-Probe method
with Z — ee FullMC events

5550

D ooo|
ooooo @ as0 0 Doo|
0000o0o0o

» Loose vs. InstLumi, zytx, Nphys

. >éO 0 50
> Tlght VS. Zvtx, Nphys Z Vertex [cm]

[_Pt Dependent Correction to Trk Efficiency |

» Additional p$ dependence of Loose and
Tight:
> Measure from single electron FullMC in
bins of Npnys
> Normalize at Jacobian Peak (mean
value of Z — ee p% dist.)

\
%0, T
ps [GeV]

P Also need to model a Residual ScalarET (dependent on 5 correlated variables)
efficiency.

M. Brochmann
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The Electron ID Residual Efficiency Corrections

[ data/fullmc run3 product eff ratios |

» Ratio of Data/FullMC efficiencies for
various sets of correlated variables.

» Measure for HMatrix, Loose
Track-Matching, Tight
Track-Matching, combine in product.

P> 1,zvtx, (InstLumi - Loose
track-matching only).

» SET-InstLumi, with InstLumi
dependence removed for Loose
track-matching. (Shown at right)

P> Right: Ratio between data efficiency
and FullMC efficiency vs. SET and
InstLumi (2D “Lego” plot). Residual
efficiency correction fit to the ratio
and applied in data FastMC (black
2D curve), with upper (red) and
lower (blue) 68% confidence
intervals of the curve

M. Brochmann
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The uy (“u-para™) Efficiency Correction

» Simulation of u efficiency dependence is not perfect yet:

RE
PT

u) = le . (5)
I pe.
—thldata E —thldata
E —thlpred 3 —thlpred
E “thlbkg E “thibkg
f‘; 0 3?7/7 - 1\ 2 3 *; 0 1(7777 - 1 2 3

Data and FastMC u compared, before correction. Runllb3 is left, Runllb4 is right.
Full InstLumi range.

» Need to apply a final small residual correction.
» Do this for both data and FullMC.
P Presenting data correction here.
M. Brochmann
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The uy (“u-para™) Efficiency Correction

12 12

E g o= E v
115F 115}

:C\I\Q/NDF:S 2157 T =63.1/57
1 + 1
oo 4 y

R TN PRI Jr \Hlim RSN, PIRPIOF SO I TR
A ‘ A it

=t

&

TR
s P Tﬁm "
14|
L

4 |l

0.95F ‘ﬂ\ﬁ\ 0.95F i
£ | E TM
09F 1 09F W
0.85F 085F
o Edatabigq pmcs cpunt=750067 o Edatabigq prcs cpunt=pedsen
-15 -10 -15 -10

10 15 10 15
upara (GeV) upara (GeV)

Data/FastMC ratio vs. u, before correction. Runllb3 is left, Runllb4 is right. Full
InstLumi range.

» Ratio of Data/FullMC v distributions.
» Two-parameter fit: “Turn-on” plus slope.
» Fit in four InstLumi bins.

M. Brochmann
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The uy (“u-para™) Efficiency Correction

data/pmcs ratio data/pmcs ratio
121 l12p
= - 7540.02) Frurn-on1(errr)=8.750e+00(1.7142.01)
115 115
Fenizmor=a, 7157 Fehizmor=e4 0157
14 14
I 1
1.
| | i
L ATINTENE. N Lty L H RTETVUTIR TOPTIO NPT I 1§ T
T S AR E T \T\ﬂ\ TN S A s S *HWT”H
0.95F } 1
09F
0.85F
o Edatabiga pmes cpunt=750067 o Edatabiga pmes cpunt=se4se
B -10 10 15 B -10 10 15
upara (Gev) upara (Gev)

Data/FastMC ratio vs. u, after correction. Runllb3 is left, Runllb4 is right. Full
InstLumi range.

» This is the final modification.

P> Must re-derive every time something else changes.

M. Brochmann
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Estimating the Systematic Uncertainties

The Covariance Matrix and 5£\ATW
i

» Parametrized fit — covariance
matrix Cj:

» Diagonal values: parameter SMy, . My

uncertainties (squared): o? G5
» Off-diagonal values: describes P Pi

correlations: ¢;; - 0o

» Need to measure ‘S(Q‘A—p‘f‘/
i

[PT pmcs fit W mass variation, run3 ]

» Create mock datasets with FastMC,
each varies input p;

sepL
setp2
setp3
lumip1
lumip2

» e.g. 5 values of p;: p?, p? + %a,-, S
PO+ o =0

error bars are stafistical only

Doon

80500

» 1 correlated parameters — 4n+ 1 P ee——
mock datasets F
P> Measure my on all mock datasets, Wimass, corr (syst,stat): 80418,99 (1.750.04,3.87)

(syst from +o: 1.75)

central values for template e e (ivona0419.23 .32
5

My * ° 0° p(©)
opj

P Fit slope to

M. Brochmann
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Monte Carlo Closure:
Test measurements of the W and Z mass on FullMC samples
» Input Z mass: 91.188 GeV

L Z mass Runllb3 Z mass Runllb4

All £ 91.191 + 0.005 91.194 £ 0.004
o< L<?2 91.188 £ 0.014 91.191 £ 0.016
2< L <4 91.190 =+ 0.006 91.187 £ 0.006
4< L6 91.189 + 0.009 91.190 =+ 0.008
L>6 91.191 £ 0.013 91.193 £ 0.010

» Input W mass: 80.450 GeV
» Runllb3 (top), Runllb4 (bottom)

M. Brochmann

L mt pr(e) MET
All £ 80.451 £ 0.006 80.450 £ 0.006 80.439 £ 0.008
o< L<?2 80.446 + 0.018 80.457 £+ 0.019 80.421 £ 0.021
2< L <4 80.454 + 0.009 80.454 + 0.009 80.444 £ 0.011
4< L6 80.454 + 0.012 80.442 £+ 0.011 80.443 £ 0.016
L>6 80.416 £ 0.018 80.439 £ 0.016 80.418 £ 0.026
L mr pr(e) MET
All £ 80.454 + 0.006 80.452 £+ 0.006 80.448 £+ 0.008
0<L<2 80.460 + 0.021 80.476 £ 0.021 80.431 £ 0.024
2< L <4 80.463 £ 0.009 80.459 + 0.008 80.457 £ 0.011
4< L6 80.454 + 0.012 80.452 £+ 0.011 80.424 £+ 0.016
L>6 80.434 £ 0.015 80.445 £+ 0.013 80.467 £ 0.021

Final Exam June 1, 2017

38



A Small Subset of Runllb34 Uncertainties

‘ Source ‘ mt ‘ S ‘ [ ‘
Experimental:
Electron Energy Scale 16 17 16
[ Source [ mr | p5 [ Er | Electron Energy Resolution 2 2 3
‘ PDF ‘ 14.54 ‘ 20.78 ‘ 16.15 ‘ Electron Shower Model 4 6 7
| QCD (Boson pr) | 1.71 | 641 | 1.42 | Electron Energy Loss 4 4 4
Recoil Model 5 6 14
Electron Efficiencies 1 3 5
Backgrounds 2 2 2
[ Source [ mr [ P [ Er | [ Experimental 18 | 20 | 24
[ Runllb3 Residual Eff. Correction | 1.35 [ 1.75 [ 4.05 | W Production and Decay Model:
| Runllb4 Residual Eff. Correction | 2.07 | 2.55 | 5.58 | PDF 11 | 11 | 14
QED 7 7 9
Boson pr 2 5 2
[Sowee Tmr [ 5 [Fr ] 5 Model _ 1314 17
[ Statistical | 17 [ 17 | 20 | [ X Systematic [ 22 [24 [ 29 |
| Statistical | 13 [14] 15 |
[ Total [ 26 [ 28 | 33 |
» Runllb34 recoil parametrization, o .
contribution to m7: 6.4 MeV Contributions to the uncertainty in
the Runllb12 measurement.
M. Brochmann
Final Exam June 1, 2017 39



State of the Current Analysis: Unresolved Issues

DATA #1: Run 11b3

DATA#2:Runllba  2<-<4
: ; i e
7000~
» 80 MeV tension between Runllb3 sooof— A e e
and Runllb4 data. F
. 5000~
» Discrepancy between peaks of s
RunlIlb3 and Runllb4 distributions 4000~
when uy > 0. [
P Possible smearing? 30001 ( )
. e
» Also, discrepancy at very low p%., 2000 pT
NOT caused by the trigger. r
u Y 88 10000
P P P PP .

25 30 35 40 45 50 55 60

M. Brochmann
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» Problem is strongest at top of detector:

]W

1
pT(E)\kn“ A
5,

0 < electron phi < 0.785

I ool
25 30 35 40 45 50 55 60

8 858838 8
s

%
0.785 < electron phi < 1.570

3 35 40 45 50 55 60

State of the Current Analysis: Unresolved Issues

900 })'
800
00 t

t i
600f  fy
500

{ i
awobd 4
ﬂﬁ p,(e)
200,
100 #

et

L
25 30 35 40 45 50 55 60

1.570 < electron phi < 2.355

» Runllb3 and Runllb4 disagree most when 0 < ¢ < .

M. Brochmann
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State of the Current Analysis: Unresolved Issues

» Problem is strongest at top of detector:

g
mi\
;FV /
400/
3007 f

p.(e)
2001 b
100, IHz’
‘5.53‘0354‘045505550!53‘035404‘55055'50 9 30 a5 a0 45 50 55 60

2.355 < electron phi <3.140  3.140 < electron phi < 3.925  3.925 < electron phi < 4.710

888283288

» Runllb3 and Runllb4 disagree most when 0 < ¢ < .

M. Brochmann
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State of the Current Analysis: Unresolved Issues

» Problem is strongest at top of detector:

Ll [l J .
Ll
2 3 3 4 45 50 55 60 25 30 35 40 45 50 55 60

4.710 < electron phi < 5.495 5.495 < electron phi < 6.280

» Runllb3 and Runllb4 disagree most when 0 < ¢ < 7.

M. Brochmann
Final Exam June 1, 2017
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State of the Current Analysis: Unresolved Issues

v

Problem increases with time - break Runllb4 into “early” and “late” sample:

CALC_HVC_01C | |

Run Ilb4aa | Run Run | lIb4b Run IIb4c Run lIbdd

100 lib4ab

Current (1 A)

| 1 L
01 Oct 2010 31 Dec 2010 02 Apr 2011 02 Jul 2011
Run lib4early <4—— | — Run lib4late Date

M. Brochmann
Final Exam June 1, 2017
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State of the Current Analysis: Unresolved Issues

"

» Problem increases with time - break Runllb4 into “early

DATA #1: Run I3 " DATA #1: Run I1b3
DATA #2: Run libdearly 2 <L <4 DATA #2: Run lib4late
PR F
a8 sicme
7000 v 7000~
Coma i =
: s F =
6000! 2 ’. - oATAR 6000 —u0
5000 5000~
4000 40001~
3000 3000
2000 2000
e [ e
oo P:(®) oo Pr(©)
N T P P e [ SR N A .
25 30 35 40 45 50 55 60

5 30 35 40 45 50 55 60

M. Brochmann
Final Exam June 1, 2017
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State of the Current Analysis: Unresolved Issues

Black: Run 11b3 Black: Run IIb3
Red: Run Iib4d 2<L<4 __Red: Run llb4d 2<L<4
000 ;— " _Fgﬁlg 4000 i— ,ﬁfm%
"3 gﬂ ', w00l ﬁﬁ "
EJW‘:f'_F ¢+ 3000 ﬁﬁ *;4‘
005 + E &* A4
nouf— t,
: pe) 5 E(e)
e
o,
iy,
e ",
] s
60 65 7
(e) E(e)
: ’
£

1‘5 5 65 7
p.(e) E(e)

» The problem is with the tracker, not calorimeter.

M. Brochmann
Final Exam June 1, 2017

46



Conclusion

» Discussions about possible next steps are ongoing
» Options:
> Publish Runllb3 only

> Work through problems and publish Runllb34
> Not publish ®

» Would be nice to publish, but...

M. Brochmann
Final Exam June 1, 2017
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Conclusion

THANK YOU FOR YOUR ATTENTION!!!

Special Thanks to my Committee members: Toby Burnett, Anna
Goussiou, Shih-Chieh Hsu, Henry Lubatti, Marcel den Nijs,
Stephen Sharpe, LuAnne Thompson

And Extra Special Thanks to my Advisor, Gordon Watts

M. Brochmann
Final Exam June 1, 2017
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BACKUP: chi-square probability table

Chi-Square Distribution Table

The shaded area is cqual to  for ¥

daf | s oo Xoas
T oon BrRE T
2 1605 | 5991 10,507
3 6251 | 7815 12.838
14 7770 | s 14860
5 0236 | 11070 16.750
T 0015 | 12500 | 1110 | 10812 | 1550
7 12017 | 14067 | 16013 | 18475 | 20078
8 13362 | 15507 | 17535 | 20000 | 20955
9 14681 | 16919 | 19023 | 21666 | 23580
10 15087 | 18307 | 20483 | 23200 | 25188
T

12

13

1

15

0

1"

15

19

0

2 615

2 30813

2

2

2

g

2

20

30

™

50

0

™ 3

50 0578 106,620 | 112320 | 116.321
0 107565 118136 | 124116 | 125.200
100 70065 | 74222 | 77920 | 82358 | 115498 | 124342 | 10561 | 135807 | 110,169

M. Brochmann
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BACKUP: Dead Material Correction

-
o
-
o

Do, 1 fb™! E Do, 1 fb™!

-

o
T
-
=
T

=)
a
T
=)
a

o
©
@
T
>
-

0.95
*EM1
= EM2

*~EM1
= EM2
+EM3 LEM3
10 12 14 16 18 20 22 24 12 14 16 18 20 22 24
Category Category

0.90

o

©

=]
T

o
]
a
o
]
a

<EM fractions ., / <EM fractions ¢
[=]
o
T
|
<EM fractions ., / <EM fraction>y
o
=
T
Bt
-
s

-
o

The ratio between the EMF in each layer for Z — ee events in data vs. FullMC, for
each of the fifteen categories of 7,,ys, before (left) and after (right) the additional
material has been added to the simulation. The mean EMF ratio for each layer is
shown as a horizontal line.

M. Brochmann
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BACKUP: Dead Material Correction

M. Brochmann

bin 0:
bin 1:
bin 2:
bin 3:
bin 4:

|7]phys| <02
0.2 < |nphys| < 0.4
0.4 S |77phys| <0.6
0.6 < |nphys| < 0.8

0.8 < ‘nphys|

Definition of bins in electron |1pnys|.

o

Category | Combination of npnys bins
10 0-0
11 0-1
12 0-2
13 0-3
14 0-4
15 1-1
16 1-2
17 1-3
18 1-4
19 2-2
20 2-3
21 2-4
22 3-3
23 3-4
24 . 44

it
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BACKUP: Dead Material Correction

1.6 _
—n=1.0
---n=05

15 ---n=0.0

14

13

12

n Based Energy Correction Factor

L 0 T B

Raw Cluster Energy (GeV)

FigureA few examples of the correction functions applied to the energy measurement
of reconstructed electrons in collider data in order to correct for energy loss in
upstream dead material, as a function of electron p7*V, for various values of 7y

M. Brochmann
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The Vertex Simulation

Important to accurately model kinematics

Zytx With phys — Ndetector

Lorentzian transverse beam profile convolved with Gaussian bunch length.
Spot size of order tens of pm.

Zytx simulated via Gaussian shape.

For FullMC, center at z = 0 and width 25cm.

For data, measure mean and width (in z) from collider data.

vVvVvvyvVvYVYyYvVYyyYy

M. Brochmann
Final Exam June 1, 2017
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BACKUP: FSR simulation plots

Fraction of FSR photon energy x that is lost by the electron as a function of photon

energy fraction X in bins of AR. Dependence is discussed in Section ??. This is only
_sgrl())%%ag‘ﬁ the FSR response measurements, corresponding to the bin with

01 < Inl <03 3 < Instl,iimi <F8 Ezmard BTed. 209 <« 45 GeV Al SO MAYRE 54



Determining the electron energy response

BACKUP

parameters

histd2_261

Entries

0.1756

Mean x
Mean y
RMS x

1.001
0.5958
0.00603

‘,

RMS Y

.,.
(irilin

,%

.,...I
,.
{iln

i
bl

‘.,

‘,

‘

20000

» Computationally intensive - requires creating array of a, 3 dependent FastMC

samples

» To fit, parametrize each mrzeco, fz bin as function of «, (3

> i.e. create parametrization at left once for each m%°°, f7 bin

M. Brochmann
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BACKUP: trigger efficiency plots, updated

E1_SHT25, run3, lumi E1_SHT25, run4, lumi3.

£ e n I
T — —
ol ol
0 —exatt . —exratt
£ extragt £ extragt
06 06
I pl0] = 2.390e+01 [ pl0] = 2.494e+01
£ ot new it pl1) = 15756400 £ ot new it pl1] = 10008400
041 0] = 2.483e+01 p[0] = 2.459+01 p[2] = 3833e-01 041 0] = 2.542e+01 p[0] = 1.900e+01 p[2] = 3.062e-01
r pl1] = 4.951e-01 p[1] = 1.221e+00 p[3] = 6.279€-01 r pl1] = 6.932¢-01 p[1] = 1.068e+00 p[3] = 1.133e+00
0. pl2] = 4.625¢-01 p[2] = 4.802e-01 p[4] = 2.469e+01 0. p[2] = 463901 p[2] = 4.813e-01 pl4] = 2.448e+01
pI3] = 1.395e+00 p[3] = 1.000e-01 p[5] = 0.000e+00 pl3] = 1.055e+00 p[3] = 8.385e-01 p[5] = 0.000e+00
L = Pl4] = 2.401e+01 p[4] = 2.451e+01 3[6] = -3.122€+02 L == Pl4] = 1.697e+01 p[4] = 2.537e+013[6] = -3.667€+02
L pI5] = 1.679e-03 p[5] = 6.337e-04 p[7] = 9.618e+02 L (5] = 1.698e-03 p[5] = 6.971e-04 p[7] = 4.657e+02
10 2 40 50 60 70 80 90 100 10 2 40 50 60 70 80 90 100
E1_SHT25, run3, lumi3 E1_SHT25, run4, lumi3:
N B B N —ar
E T —n E —n
E —exrat E —exrat
. s . s
sk extrakrt sk extrakrt
n PI0] = 2.480e+01 L PI0] = 1.800e+01
£ ol fit newfit pl1] = 6292601 £ ol fit newfit pli] = 46246400
pl0] = 2.493e+01 p[0] = 2.279e+01 p[2] = 4.010e-01 0] = 2.512e+01 p[0] = 1.900e+01 p[2] = 3.805e-01
pl1] = 5.084e-01 p[1] = 2.437e+00 p[3] = 2.303e+00 pl1) 586e-01 p[1] = 4.712e+00 p[3] = 9.375e-01
pl2] = 4529e-01 p[2] = 4.715e-01 p[4] = 2.300e+01 0. pl2] = 4.658e-01 p[2] = 4.840e-01 p[4] = 2.500e+01
[ P31 =2.6216+00  p[3] =5.779€-01 piS] =0.000¢+00 [ P(31=2.6066+00 p[3] =8.852€-01 ] =0.000¢+00
E — Pl4] = 2.235e+01 p[4] = 2.486+01 (6] = -1.582€+02 E Pl4] =2.172e+01 p[4] = 2.511e+015[6] = -4.128e+02
| pI5] = 2.124e-03 p[5] = 9.248e-04 p[7] = 7.029e+02 L pI5] = 1.224e-03 p[5] = 4.420e-04 p[7] = 1.196e+03
1 2 40 50 60 70 80 90 100 1 2 40 50 60 70 80 90 100
E1_SHT27, run3, lumi3+ rund, lumi3+
£ - —r n e
if by — if —— —n
£ P ¥ ol i £ o f ot
o8l —exaet o8l { —exaet
, extratt / extratt
o8 p(0] = 1941401 08 p(0] = 2.706+01
£ ot new it plt] = 1353601 £ ot new it p[1] = 10006400
04 p[0] = 2.666e+01 p[0] = 2.531+01 p[2] = 4.021e-01 04 P[0] =2.736e+01 p[0] = 2.261e+01 p[2] =3.571e-01
M. Brochnj: B 08501 ) ~229710 - 1010300 E DI1] = 7.5436-01 p[1] =4,5156+00 p[3] = 4 1516400
o o 240901 oiol - 4 a03e01 oFiRkEXAM June i 2017 o 4 AR e oi7] = 4 E19e01 old] - 2 300ms01




BACKUP: FSR efficiency plots

Electron identification efficiency as a function of X, the fraction of electron energy
carried by the leading photon, measured from FullMC samples. For discussion, see
Degtion 77, This is only a subset of the FSR efficiency dependence measurements, in

binewith 01 < |n1. | <« 03 3 EinkhEtdmitmied, 2057 37 5 <« pe <« 45 eV and AR 57



BACKUP: electron ¢ efficiency

Electron Phi Efficiency for Run 4

Efficiency

FigureElectron ¢ efficiency used in GEANT FastMC, determined from the ratio of the ¢
distributions of FullMC and FastMC. It looks “noisy” because each point corresponds
to a single ¢-module, and the efficiency depends in part on peculiarities to the

1.08
1.06
1.04
1.02

0.98
0.96
0.94
0.92

0.9

.

A RAAN RN AN AR RN RN AR VAR RN AR

Ly
3

O

individual modules.[?]

M. Brochmann
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BACKUP: electron ¢-mod effects

5 DO Simulation -
+ 0.005| RN
i .
0.000[-++" R
. . o
oo [
0,005}~ .
e
0z 04

0.6 0.8
Extrapolated track 0 moa

FigureAverage discrepancy between
tracker-based (extrapolated to EM3 layer)
¥ and calorimeter-based ¢=M
measurements, in units of the calorimeter
. . 1 k
module width, as function of ¢!’ [7]

M. Brochmann

10F  coveasanen revereseaetersrerstesrerteseas,
09 :
08f4 DO, 43 fb

0.7] +

Efficiency

[
o5
04f
03t

4

.0 0.1 0.2 0.3 04 05 06 07 0.8 0.9 0
Extrapolated track (o

FigureElectron reconstruction efficiency as
a function of (tracker-based) ¢!k, Note
the steep drop in efficiency near the
module boundaries. Due to this drop in
efficiency, we include only events where
electrons satisfy 0.1 < ¢oq < 0.9. [?]
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BACKUP: ABCD method for Z — ee background

make table here

M. Brochmann

Final Exam June 1, 2017
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BACKUP: Matrix method for QCD background

make table here

M. Brochmann

Final Exam June 1, 2017
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BACKUP: 7 background

M. Brochmann
Final Exam June 1, 2017
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Overview of Electron Energy Response and Resolution

E = Rem (Eo) ® oem (Eo) + AE (6)

M. Brochmann
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BACKUP (7) Electron Energy Resolution

oem (Eo) 2 Stm | NEw
—./c 7
Eo \/ vty T E? @

Cem, Sem, and Ny are the constant, sampling, and noise terms for the EM
calorimeter.
sampling term does not have the “textbook” (sin )

1
2

52 eSexp/ sin 6

Sem=(S1+— ) ——— 8
EM ( 1+ \/E) oSorn (8)
Sexp = S3 — S4/Eo — (Ss5/Eo)? (9)
Si = 0.152035 (10)

S, = 0.151266 (11)

S3 = 1.39247 (12)

Sy = 1.45474 (13)

Ss = 10.3506 (14)

» In data (in FullMC, negligible):

Cem = (2.00 £ 0.07) % (15)
M. Brochmann
P Noice term incliided in SofFiRdExamdwddl, 203 7cat i+ +0o O here 64



BACKUP (7) Other electron response contributions

» Angular resolution

» Window effects

M. Brochmann
Final Exam June 1, 2017
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Recoil Simulation: Overview

» Hard Recoil:

> Need to choose values of ut/qr (response), Af (angular resolution),
SET — ut (energy from other parton interactions)

> Create “Probability Density Functions” (PDFs) by simulating from
Z — vv events

» Other contributions to the recoil:

> Soft Recoil: Zero-Bias, "De-weighted” (via MB zero-fraction and power)
MB library.

> Electron Window Effects: FSR and non-FSR.

>

Parametric fine tune using FullMC or Data Sample, based on n mean and
imbalance.

M. Brochmann
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Recoil Simulation: PDFs for Hard Recoil

"ZB/MB cell-by-cell subtracted reconstruction”: Simulate the behavior of Hard Recoil in the
detector with underlying energy, create the histograms used below:

45GeV<Zp, <50GeVand30 <luminosity <4.0 45GeV<Zp <50GeVand20<ga) <30 40GeV<Zp <60GeV

x10°

28 SET [Gev)

510 15 20 2

CR— 3073 0
ula, SET -u, [GeV]

"ZB/MB cell-by-cell subtracted reconstruction”: Simulate the behavior of Hard Recoil in the
detector with underlying energy, create the histograms used below:

. pZ i
Know: p%—, recoil angle ¢(qT) Know: p% rightarrow grab

— grab histogram. From h_istogram. I_:rom ur (just

ur/qr (just simulated), get simulated, since gt is known),
A, get PDF, randomly select

T SET — ut:

Know: p%, InstLumi — grab
histogram. From SET?%B, get

PDF, randomly select ur/qt: PDF, randomly select

M. Brochmann
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BACKUP: Recoil Simulation: ZB and MB library for Soft
Recoil

» Fill ZB Library:
» 7B events: Describe Zero Bias Trigger

P No need to reweight: match energy levels in collider data. (This is also used in
the FullMC)

M. Brochmann
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BACKUP: Recoil Simulation: ZB and MB library for Soft

Recoil

>

vvyyvyy

Fill MB library:

MB Events: Describe Minimum Bias Trigger

Fill Library according to:

MB Zero Fraction: A certain fraction of events have zero soft recoil

MB reweight: according to certain power (between 0 and 1) of MB (in some
units)

So probability of an MB event « (CypSETMB)™M®

%3 X X 08

Power

RunlIb3 (left) and Runllb4 (right) x? distributions used to find the best values of the
zero-fraction and the MB SET power. These values are used when building the MB
library.[?]

M. Brochmann
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BACKUP: Recoil Simulation: Electron Window Effects

aFeEe =% [ Auy - pr(e) + PLEAK] (16)

e

A= S ) (17)

M. Brochmann
Final Exam June 1, 2017 70



BACKUP: Recoil Simulation: Fine tuning

uHARD uHARD urv uHARD
A (1t nemer/man) <|> o <| ~ <|>> (1)
qar qar ar qar

M. Brochmann
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BACKUP: The Trigger Efficiency

Run2b3
Iy
s -
5 T
s +
g [
5 08—
-0
S
IS
0.6—
04—
t —e— 25GeV Low lumi (L<3)
[ —=— 25GeV High lumi (L>3)
U'Zf —— 27 GeV
TJ. | |
0 30 35 40
Elec pr(GeV)
Run2b4
Iy
c -
2 r
s+
g L
5 08—
-
2
s I
0.6
0.4 |
8 ‘ —e— 25GeV Low lumi (L<3)
L / —=— 25 GeV High lumi (L>3)
02— U
- /\7“' s 27 GeV
I SnRi
o £ S B
0 25 30

Elec A (GeV)

M. Brochmann

Final Exam June 1, 2017

Not simulated in FullMC - only
simulate in data FastMC.

Measure from data using tag
and probe method.

Model parametrized function - a
product of “erfs”.

Trigger efficiency was updated
recently in an attempt to
understand some fitting
problems with Runllb4

More discussion about this at
end of talk
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The Residual ScalarET Efficiency

» Residual efficiency dependence of combined selection cuts
» Dependent variables: SET, p%, 7det, Instbumi, u)

» First, determine FullMC/FastMC ratio in four-dimensional binning: p%, nget,
InstLumi, u

» Parametrize ratio between FullMC and FastMC vs. SET/p$% in each bin

» Normalize each bin parametrization to full bin ratio

M. Brochmann
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A Z Event in the DO Calorimeter

Run 208854 Evt 35162371

Triggers:
M 2empartice M EM

M co
R YIc]

u particle

eta

Bins: 367 S

Mean: 0.413 P T3

Rms: 2.28 -4.7 mu particle et: 19.02

Mm: %_.(BJOGQTS em particle et: 66.7
ax: 28.

mu particle et: 25.86
em particle et: 32.16
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A Di-Jet Event in the DO Calorimeter

Run Number: 208856
Event Number: 50853397
Mi=125GeV

A=0.93

M. Brochmann
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A Di-Jet Event in the DO Calorimeter

195

Bins: 198

Mean: 3.33

Rms: 187

Min: 000983

Max: 195
mE_t: 45.7
phi_t: 133 deg

M. Brochmann
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BACKUP: Measuring Hmatrix efficiency in FullMC

P Simply extract signal which passes and fails the Hmatrix cut in the
efficiency window:

- Bl —— FAIL hmatrix
every =
e hi M
p% bin —
7 == i
i
S C
o7 (e
N signal, FULLMC
— — FAIL hmatrix
every -
. 1 - -
pS bin
TN =
3
3 50 R o
o o7 (6o
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BACKUP: Measuring Hmatrix efficiency in FullMC

» Hmatrix cut efficiency in Full MC:

1.08 — FULLMC

1.06

1.04

1.02

1

0.98

— 0.96

I

0.94

I
I

0.92

0.9

0.8%

T

w
o

35 40 45 50 55 60 65
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BACKUP: Measuring Track Matching Efficiency in Data

» Must subtract background to extract signal which passes and fails the
Hmatrix cut:

- I ———— plcofr_37.000_39.000] N signal, DATA
——DATA ASS hmatrix
T Data: 42}65.00
. Bkgd: 749000 —

10.7207§:20.0041
Pk, O1{750+0.48
Pk, 90.404920.4
sh: -0.77p1:0.029}
sig: 0.98§7+0.055)
S, 3046 34224 every

o 110ds s .
oo b
b= p7 b
amidsasa -
ou: soslses1aak 7
it orfses

it o.afeas

T30 140

Miee), GeV
plcofr_37.000_39.000] N signal, DATA

= oo — FAlL matix
aia E

Bkga: 8755.00

0100002000

P, OL1750:0.41

P 89.1a79:05

sh 142020317

sig: 2.000:0.065

& [
PT bin (Gev)

s, 220797213541 ever
Fbel e very i
P 7y pT bin F

S,y 2074 264208
B, 8394 74x182

Eff,; 041430 e
4 i 04273 E =

. L fetados2 £
60 70 80 90 100 110 120 130 140 2 3 3 a a E o [
M(ee), GeV PT bin (GeV)

M. Brochmann
Final Exam June 1, 2017 79



BACKUP: Measuring Track Matching Efficiency in Data

P> Hmatrix cut efficiency, DATA compared with FullMC

oatA
1.08
— FULLMC

1.06

1.04
1.02

1]

0.98

0.96

0.94
0.92

0.9

i
+

0'8%5 30 35 40 45 50 55 60 65
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BACKUP: Measuring Track Matching Efficiency in Data

» Hmatrix cut efficiency, DATA, FullMC, and DATA/FullMC ratio:

1.08 —— FULLMC
1.06 — RATIO
1.04

1.02

1]

Tl
n
=
}ﬂl
{
|
J

0.98 1
s ol M
0.96 T
0oatf et *ﬁ”;:m,mL
0.92F
0.9F
b B e
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BACKUP: Scale Correction for Data Track Matching
Efficiency

> PMCS gets parameters from sample of electrons which passes the
Hmatrix cut.

» The efficiency it applies assumes a scaling that is independent of
pass/fail status.

P Failing electrons have a different energy scale than passing electrons —
bin migration.

P> We must correct for this so that all electrons are binned according to
their pt scaled like passing electrons.

M. Brochmann
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BACKUP: Scale Correction for Data Track Matching
Efficiency

P Get scaling equation by taking ratio of passing Z mass peak to failing Z mass
peak:

Dicof_37.000_39.00 —— PASS hmatrix
— = oara
3500 Data: a2}es.00 —— FAIL hmatrix
B 70,00
3000F- 0720700010
P, 9L 4750:0.44¢
2500 ok 90 fosoe04
b 077brz00
£ s 0.98}7+0.055
2000) S, a0de sesze
o, 1604 6620
1500F- enmar]1 307 -
L 324500 A !
1000F- S 28145 08221
5, 508} 920133
ook it 07495
ey o.fans
o
T2 1% 1 ECE R R R E
N(ee), GeV' PTbin (GeV)
Dlko[f37.000_39.00K Zmass peak, PASSIFAIL ratio
= oama 1
700 Data: 2205400
Bkgd: 675500
600F- I 4
Pk, 9175020441 L
ook Py 89 faro0
shLazfo:091
s 20000<0.065 1
a00f- 5, 220072135
o, 06 002155 ——t
B
s00F- ehPmar]s 238 = AT N
2044700
200F- S 207} 260200
ory sas) 7as102l
b it 0.44439
{027
Hndo 22
‘50 140 EE R R R E
M(ee), GeV' PTbin (GeV)
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BACKUP: Track Matching Efficiency Correction

- Results

—om
e
O R et I unscaled RATIO
1.04f
1.02f MH?';,,

1 brf & b
O.98f H_:i:

F- —t T
0.96— S
O.94f
0.92:
O.Qf
0'85; - ‘30‘ - ‘35‘ = ‘40‘ = ‘45‘ = ‘50‘ = ‘55‘ - ‘60‘ - ‘65

»  Apply correction factor in PMCS as smoothed function.

P Currently the pT correction is consistent with 1 and is not applied.
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Monte Carlo Closure:

ZCandMass_CCCC_Tiks

A test measurement of the Z mass in FullMC

20000
it = 144 81160
180001

S——
16000F- FASTMC
La000f-
120000
10000F-
s000f-
6000F-
a000f-
20001
TN

24000F
22000F-

Xt = 2140150
—FuLLme

—FasTHC

L

Z mass Runllb3

Z mass Runllb4

75 80 85 90 95 100 105

ZCandElecht 0

1

o0

5 10 15 20 25

ZCandRecollPt 0

i = 1375135

35000 —FuLLme

- —rastuc
250001
20000
15000F-

10000

5000F-

25000

200000

ts000f-

10000)

xinat = 529145

All £
0<L<2
2<L<4
4<L<6
L>6

91.191 +£ 0.005
91.188 £0.014
91.190 £ 0.006
91.189 + 0.009
91.191 £0.013

91.194 £ 0.004
91.191 £ 0.016
91.187 & 0.006
91.190 £ 0.008
91.193 4 0.010

Runllb3 comparisons between FullMC and
FastMC of the distributions of the Z mass

Ll L L
5 30 35 40 45 50 55 60 65 I

(top left), the Z pr (top right), the
electron pr (bottom left)), and the

hadtofiishveenil (bottom right). Note,

Result of the fit of the Z mass in
bins of InstLumi. The input Z mass
value is 91.188 GeV. RunlIb3 and

Runllb4 fit values are in good

agreement with the input value.
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Monte Carlo Closure:

A test measurement of the W mass in FullMC

e
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Monte Carlo Closure:

A test measurement of the W mass in FullMC

L mr pr(e) MET
All £ 80.451 4+ 0.006 | 80.450 4 0.006 | 80.439 £ 0.008
0< L<2 | 80446 £0.018 | 80.457 +0.019 | 80.421 +0.021
2< L <4 | 80.4544+0.009 | 80.454 +0.009 | 80.444 1+ 0.011
4 < L<6 | 80.454+0.012 | 80.442+0.011 | 80.443 +0.016
L>6 80.416 +0.018 | 80.439 +0.016 | 80.418 4+ 0.026

TableResult of the MC closure test for Runllb3, in bins of InstLumi and
for the full InstLumi range. The input W mass value is 80.450 GeV.

L mTt pr(e) MET
All £ 80.454 +0.006 | 80.452 +0.006 | 80.448 £ 0.008
0< L <2 | 80.460+0.021 | 80.476 +0.021 | 80.431 4+ 0.024
2< L <4 | 80.463+0.009 | 80.459+0.008 | 80.457 4 0.011
4 <L <6 | 80.454+0.012 | 80.4524+0.011 | 80.424 +0.016
L>6 80.434 +0.015 | 80.445+0.013 | 80.467 £ 0.021

TableResult of the MC closure test for Runllb4, in bins of InstLumi and
for the full InstLumi range. The input W mass value is 80.450 GeV.
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