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Ny Thank you! DO

¢ An award for the whole DO collaboration

¢ High precision measurement, needs excellent understanding of
the DO detector

¢ Thought it was hopeless to do the D@ W mass measurement in
Run II before 2005

¢ [t took many people many years’ hard work to make this
measurement possible

4 Special thanks to:
¢ The W mass working group
The electroweak physics group
The calorimeter operation and calibration groups
Mentors and others that I have worked with
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STONY
BRWSK W boson mass w
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STONY
BRWSK W boson mass w

Mv%/ T 1 1

fG smH(l@)

M, can be increased by up to 250 MeV in MSSM
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STONY , :
BRAWSK Higgs mass constraints
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STONY

BR&OS®K Higgs mass constraints (1998)
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BR€'SK Higgs mass constraints (2002)
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BROSK Higgs mass constraints (2006) w
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BR&OS®K Higgs mass constraints (2009)

STATE UNIVERSITY OF NEW YORK
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STATE UNIVERSITY OF NEW YORK

M, and M
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BROWK My and M, , uncertainties
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STONY
BRAWSK Measurement strategy

STATE UNIVERSITY OF NEW YORK

4

W—ev E,

Electron

Three observables: p(e), pr(v) (inferred from _r)mssmg transverse
energy), transverse mass M?=(E;.,+Er )?- | pret pTV|

Develop a parameterized MC simulation with parameters
determined from the collider data (mainly Z—ee events)

n -v'\r\-v-r\ “ r‘ 'V\ f\l“ T“'T'I 1/\ IJ 'p'pf\'lﬁf\'I/\J- 11/‘\1/‘\ + “T Lt aVaNelel TT!‘\‘I'I'II'\“
U crieratec ivicv LClllJ:Jld.LCb WIillrl Qlliererit Hiput vv 1lldadss valuls,

compare with data distributions and extract My,

Z —ee events are used to set the absolute electron energy scale, so
we are effectively measuring M,/ M,
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STONY ,
BRWSK W—-ev candidate

4 Crucial to understand the calorimeter response to the electron
(~40 GeV) and the recoil system (~ 5 GeV)

¢ To measure My with an uncertainty of 50 MeV:
¢ Need to understand the electron energy scale to 0.05%
4 Need to understand the recoil system response to <1%
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BRWSK D@ detector
| n= 0 =1
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5 |- Muon Chambers |
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%}iﬁfgﬁ Uranium-LAr calorimeters
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CPS: 0.3 X, t 1 X, of lead

ﬁ ‘> Central Qalorimeter

EM1
~3.6 X, A
for n=0
for n =1

.V .
Interaction point
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3

Intercryostat
Detector

Cryostat walls: 1.1 X
Central Fiber Trackir

Central Preshower
Detector

Microstrip
Tracker

Junjie Zhu
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Material in front of the calorimeter w
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%}Eﬁ\g}% Calorimeter calibration (I)

STATE UNIVERSITY OF NEW YORK

¢ Calorimeter calibration: ADC —» GeV
¢ Electronics calibration using pulsers:

¢
¢ inject known electronics signal into preamplifier and A é

equalize readout electronics response
¢ ¢-intercalibration for both EM and HAD calorimeters
4 Unpolarized beams at the Tevatron

. n
¢ Energy flow in the transverse plane should not have any
azimuthal dependence Red: average
¢ Use inclusive EM and jet collider data Black: one cal tower
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b Calorimeter calibration (II) w

4 n-intercalibration for both EM and HAD calorimeters b
€ EM: Use Z—ee events A

¢ HAD: Use y+jet and di-jet events
£ 1.08
‘E 1.033 EM calibration constants
5 1.06—
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'ﬁ - A +4kf e T
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2haa  Calorimeter calibration (III) w

STATE UNIVERSITY OF NEW YORK

¢ Electrons lose ~15% of energy in front of the calorimeter
¢ Amount of dead material determined using electron EMFs
¢ Exploit longitudinal segmentation of EM calorimeter

4 Fraction energy depositions (EMFs) in each EM layer are sensitive
to the amount of dead material

¢ Amount of missing material in the Geant MC simulation:
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%Eﬁ@}{ Calibration results
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BREOSK Calibration results

zmass = 90.958 +0.032 GeV
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STEONY : : :
BROSK Parameterized MC simulation

¢ Interfaced with latest MC event generators (ResBos+Photos)

¢ Detector simulation: Electron simulation, Recoil system
simulation, Correlations between electron and the recoil system

¢ Mass templates generation
€ Make sure we understand Z events before we look at W events

2009-06-03 Junjie Zhu 23



STEONY : : :
BROSK Parameterized MC simulation

¢ Interfaced with latest MC event generators (ResBos+Photos)

¢ Detector simulation: Electron simulation, Recoil system
simulation, Correlations between electron and the recoil system

Mass templates generation
Make sure we understand Z events before we look at W events
Central value blinded until the analysis was approved by DO

® ¢ 0 0

Closure test done using full MC simulation

iﬁﬂumE BLIND STUDY ... f '

Erm——

Doing a blind analysis does not
2009-06-03 mean doing an analysis blindly... 24
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BRWSK Mass fits w

Z invariant mass (M_.), 18k W transverse mass (M,), SO0k
uﬁ;mZm Preliminary, 1 1’ 3 " 00 Pretiminary, 1 15
2 :
'ﬁ ¥ - w: 153/160 o s
bo 75 80 85 %0 85 100 105 GeV/? %4; 60 70 B0 80 mTGJE
mpmllmlmw 116" S Prelimimw 115
m jg h M Hﬁ
Mﬂﬂ WWW Sk Nw‘ *M R
—ﬁn 100 tﬁl_ &u 45 60 70 80 % mT,GégJ

M, = 91.185 + 0.033 (stat) GeV M, = 80.401 + 0.023 (stat) GeV

(WA M,=91.188 + 0.002 GeV)
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55 60
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STONY

BROWSK Uncertainties
o(mw) MeV

Source mr pT B
Electron energy calibration [34 34 34 |
Electron resolution model 2 2 3
Electron energy offset 4 6 7
Electron energy loss model 4 4 4
Recoil model |6 12 20 |
Electron efficiencies D 6 D
Backgrounds 2 5! 4
Experimental Subtotal 35 37 41
PDF [9 11 14 |
QED 7 7 9
Boson pr 2 5! 2
Production Subtotal 12 14 L7
Total Systematic 7 :
Statistical ;
Total
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STATE UNIVERSITY OF NEW YORK

€ Use BLUE method to combine three
results

CDF Run 0/l —— 80.436 + 0.081
M=80.401 + 0.043 GeV
. DO Run | —&—i 80.478+0.083
€ Most precise measurement from one o :
single experiment to date CDF Run I —.—t 80 413 + 0.048
¢ Expect the Tevatron combined
. Tevatron Run-0/I/ll (2007) @ 80.432 + 0.039
uncertainty to be smaller than the
LEP combined uncertainty for the
first time
World average (2007) o 80.399 + 0.025

¢ Expect the world average uncertainty
to be reduced by ~10% DO Run Il (prel.) —e—i 80.401+ 0.043

¢ Expect the upper limit on the SM L s - .
Higgs mass to be reduced by ~ 5 GeV ° ' - -

my, (GeV)
¢ Expect AMy=15 MeV for the ultimate
Tevatron My, uncertainty
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BR&OS®K Higgs mass constraints (2009)

STATE UNIVERSITY OF NEW YORK
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%ﬁﬁ@% Calorimeter calibration w

STATE UNIVERSITY OF NEW YORK

¢ CDF calibration:
¢ Use J/y—-uy, Y->uu, Z—uu to calibration the tracking system

¢ Use E/p distribution for electrons from W decays to calibrate the
calorimeter system

¢ DO calibration:
¢ Worse tracker momentum resolution
¢ Only ~20k Z—ee events
€ Similar electron p; distributions for Z and W events
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n-equalization and absolute EM scale

€ Once ¢ degree of freedom is eliminated, use Z— ee events
to absolutely calibrate each ¢-intercalibrated n ring

€ Reconstructed Zmass: m= \/ 2EE,(1-cosw)
€ The electron energies are evaluated as:

El(z) — Eraw + K(El’aw,e)

Raw energy measurement from \
the calorimeter Parameterized energy-loss corrections
€ Raw EM cluster energy: from Geant MC simulation
E™ =% C E

/e"”\

One (unknown) calibration Cell energy after electronics calibration,
constant per n ring ¢-nitercalibration and sampling weights

® Determine the set of calibration constants C; that
minimize the experimental resolution on the Z mass and
give the correct (LEP) measured value
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