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1. Introduction Idea

General idea:

Optimise the use of the Z% boson in Drell-Yan-pair production
processes as "the standard reference candles” for measuring the
inclusive W* - boson production processes.

AS

The strategy allows to factorise and directly measure QCD effects
which affect differently the W* and Z° production processes.

» reduces significantly uncertainties in the partonic distribution
functions while preserving their sensitivity to the SM
parameters

» reduces by a factor of 10 the impact of systematic
measurement errors, such as the energy scale and the
measurement resolution.

Last MCnet meeting in Debrecen:
Florent Fayette's talk on W's mass asymmetry.

AS
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1. Introduction Context & Strategy

e Cuts and statistics:
P Cuts: pr; >20GeV & |n| < 2.5, where (I = {e, u})

» Stat : 1 ATLAS vyear at low luminosity 10- fb~?
t ~ 6 + —
> Jw++W7 18,8nb = 188 x 10° W™ and W
> o%f ~ 2.1nb = 21x10°2°

» Charged lepton smearing : ATLAS Inner Detector

® Systematics studies (the strongest effects in DO/CDF):

» Experimental /Apparatus:
> Energy Scale (ES): pr) = (1% &) PT 14, and €s = £0.5% and £0.05%
» Resolution Error (RE): 0.7 and 1.3 (wd. Gaussian smearing of track)

» Theoretical/Modeling:
> PDF effects (errors) - CTEQ6.1
> Primordial k7 - QCD effects (Non-perturbative and higher order effects)
> QED radiative corrections - not included yet - ZINHAC++ in progress.

® Tools :
» MC : WINHAC
» QCD effects incorporated from PYTHIA
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L1, ntroduction Analysis - x2 for My, (Tw)

—

e The influence of effects both theoretical and experimental is extracted by performing
binned x? fits.

(i [M3P = Amy] — Ny [mgpe] )

ngf(M,’,’,,DG + AMW) =

i

2

2
TN; + T peff
i

where:
» N; - the number of expected events in the template distribution in bin i
> Nl.eﬂc - the number of expected events in the pseudo-data distribution in bin i
» eff = ES, RE, PDF min/max, kT

o After evaluation of all X2 for given eff, we fitted parabola, the position of its
minimum estimates size of an eff, error (1o) is calculated from the value x? + 1

e example in next slides.



2. Results for M, studies
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LResults for My studies Sta rtl ng |nf0rmat|on

o Assumption: the masses of the W' and W™ bosons are the same !.
e Present:

> My, = 80.413 4 0.048 GeV

o My & Ty measured in hadronic collisions via W* — [+ (IF = {e*, uF}))
> pry  —I*
> mr g, — T & v (Er)
> Er -
e “Standard method” during this talk =, the method currently used in hadron
colliders. (the plots: pj =1/pr,)

!(see F. Fayette talk or )
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LResults for My studies

Standard Method - systematical effect - ES = 0.05 %
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e The others systematical effects (RE, k1, PDFs) are even bigger.
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LResultsforI\/l\/\/studies Slmple Z - Candle

Simple Z - Candle - Rsjmple = i - systematical effect - ES = 0.05 %
1
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e One of the lepton from the Z° boson is (randomly) removed from the charged
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LResults for My studies Z Ca nd Ie

Z Candle - Reandle = % systematical effect - ES = 0.05 %
1
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LResults for My studies

w .
T _pj (s1,i1)
e Description: R, = ==

p candle 012(52712)

» s and s are CM-ene of the beam /s :M—W\/s.
1 and s ar nergy m /s M, V52
— the momentum fractions of the partons producing Z° and Ws are equal

P at the energy /51 the coil current has been rescaled down by the factor A/\%V
= the distribution of the curvature radius (p;) for charged leptons originating
from the decays of the Z% and W are the same.
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LResults for My studies

w .
T _pj (s1,i1)
e Description: R, = ==

P candle p/z(527I2)

> - — Mw

s1 and s; are CM-energy of the beam /51 My V/S.
— the momentum fractions of the partons producing Z° and Ws are equal

» at the energy /51 the coil current has been rescaled down by the factor ’)\/’A—VZV
= the distribution of the curvature radius (p;) for charged leptons originating
from the decays of the Z% and W are the same.

[AM. [MeV] | ES=0.05% | ES= —0.06% | RF=07 | RF=13 | OKT = —1[GeV] | AKT = F1[GeV] |
Standard —29+1.8 25 +1.8 14.1 £ 1.8 —22.8+1.8 > 31 > 40
Simple Z Candle —19 + 4.91 15+ 4.9 > 50 > 77 > 66 > 76
Z candle 0.4+£5.9 3.1£5.9 6.6 £5.9 —3.7+5.9 17.7 £ 6.11 —9.77 £ 6.0
XZ/ZOO 1.01 0.96 0.99 1.06 1.20 1.19
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LResults for My studies

oY (s1,11)

e Description: R, = -
p candle p/z(527I2)

» s; and s, are CM-energy of the beam /51 = %—‘;’\/52.

— the momentum fractions of the partons producing Z° and Ws are equal

» at the energy /51 the coil current has been rescaled down by the factor

My

Mz

= the distribution of the curvature radius (p;) for charged leptons originating
from the decays of the Z% and W are the same.

[AM. [MeV] | ES=0.05% | ES= —0.06% | RF=07 | RF=13 | OKT = —1[GeV] | AKT = F1[GeV] |
Standard —29+1.8 25 +1.8 14.1 £ 1.8 —22.8+1.8 > 31 > 40
Simple Z Candle —19 + 4.91 15+ 4.9 > 50 > 77 > 66 > 76
Z candle 0.4+£5.9 3.1£5.9 6.6 £5.9 —3.7+5.9 17.7 £ 6.11 —9.77 £ 6.0
XZ/ZOO 1.01 0.96 0.99 1.06 1.20 1.19

e PDF effect are not presented but the mass shifts calculated using CTEQ6.1
method are also below statistical errors.
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LResults for My studies

oY (s1,11)

e Description: R, = -
p candle p/z(527I2)

» s; and s are CM-ene of the bea 1/s:’\/’—""\/s.

1 and s ar nergy m /s My V52

— the momentum fractions of the partons producing Z° and Ws are equal
My

» at the energy /51 the coil current has been rescaled down by the factor Wy

= the distribution of the curvature radius (p;) for charged leptons originating
from the decays of the Z% and W are the same.

[AM. [MeV] | ES=0.05% | ES= —0.06% | RF=07 | RF=13 | OKT = —1[GeV] | AKT = F1[GeV] |
Standard —29+1.8 25 +1.8 14.1 £ 1.8 —22.8+1.8 > 31 > 40
Simple Z Candle —19 + 4.91 15+ 4.9 > 50 > 77 > 66 > 76
Z candle 0.4+£5.9 3.1£5.9 6.6 £5.9 —3.7+5.9 17.7 £ 6.11 —9.77 £ 6.0
XZ/ZOO 1.01 0.96 0.99 1.06 1.20 1.19

e PDF effect are not presented but the mass shifts calculated using CTEQ6.1
method are also below statistical errors.

e The effect of ES = 0.5% for “Standard Method” is huge > 270 MeV, the Standard
Candle method can reduce it to ~ 15 4 6.0 MeV with x2 = 0.95, nbof= 200.
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LResults for M\y studies State Of the art

STANDARD:
LEGEND: p;/v — 1/PTI
@ QED {precise controled) )
@ QCD {imprecise controled)

STANDARD
RATIO:
/ b w
— ‘ + —— R . ) P,Z
' simple
(W & C
STANDARD
CANDLE: ‘
W .
o + R, dle = PLAsL1) (s1,1)
— —— candle — 7 .
‘ of (s2,i2)

[[AM, [MeV] | ES =0.06% | ES = —0.05% | RF =0.7 | RF=13 | AkT = —1[GeV] | AkT = +1[GeV] |
Standard —20+18 25+18 T41L£18 | —228L1.8 > 31 > 40
Simple Z Candle | —19 + 4.91 15 + 4.9 > 50 > 77 > 66 > 76
Z candle 04E59 31+£5.9 66E50 —37%50 7.7 £6.11 —9.77£6.0
X2 /200 1.01 0.96 0.99 1.06 1.20 1.19

ES = 0.5% for “Standard Method”: > 270 MeV, the Z Candle method: ~ 15 & 6.0 MeV!! (x? = 0.95)



Standard Candle (14/21)
LResults for My studies

e The remaining QCD asymmetries: S
which are reflected by the height values of the k1 in the Table we correct by Cocp
factor which can be measured rather then modeled using MC simulation.

Mz +3r . _ _
fMZZ 3rZZ NH1= (s, i(s2), MHI=) dmi+

CQCD My +30 .
St faw (1= My, Tw) wew NMI= (st i(s1), M=) dMI+1=

Each event having a reconstructed invariant mass in the latter region is weighted by
the Breit—-Wigner function

1 MwTw
m (s — MZ)2+ M2, 12’

faw (s~ My, Tw) =

where s't/= = (M'*/=)2, and by the QCD-independent normalisation factor wgyy .
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LResults for My studies

Mz+30z pjl+1—

szf3rz

(527 i(Sz), MI+I7) dM!+1—

Cocp =
My —3T

JotwE3TW oy (s1+1=; M, Tw) wew NI+1=(s1, i(s1), MI+I=) dMI+1—

400 —

200 —

110
my, (GeV)
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LResults for My studies

Results for “Z candle” with Cocp factor:

[AM, [MeV] | E5=0.06% | ES= —0.05% | RF =0.7 | RF =1.3 | AKT = F1[GeV] | AKkT = —1[GeV] |
Z candle 7.7 £6.11 9.77 £6.0
Z candle, Cqcp
x? /ndof 1.1 1.0 1.0 1.2 1.2 1.3

even larger shifts of Kt are also in the statistical errors:

[AM, [MeV] | AKT = —4 || AkT = —2 | AkT = —1 | AkT =1 | AkT =2 || AKT =4[GeV] |
Z candle Cocp 14.6 £6.1 —26.7 6.3
x2/ndof 1.3 1.4 1.2 1.3 1.1 1.5




Then using PYTHIA? we opened

Pandora’s box... B

but this is the next part of this story
soon on your arXiv mirror!:)

2and WINHAC + ZINHAC
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Lal;e::llts faonr l\;W studies ZI N HAC

D]

P

:ZINMAC

Description of the project

]

| e |

ZINHAC will be & onte Carlo event generator writen in C++ for Drell-Yon and radiation in (¥Fs)
o

y:
SANC group. A similar event generator for the W-boson production, called WINHAC, i availabe > here. Our gor D ISR parton
5 aniv.0703281

Related Talks and Pul

-5 ankiv
o “Measurement of M, - M,~ at LHC" - => arkiv
& "Weboson mass measurement at LHC" - available soon.
Help and User Guides
a0
2. Bug reporting / tracking o click View ® 1 reports, however, g ZINHAC authors and password to
text Aftr reg You can use your reports First, click on

a p:
Login in the tite bar, then Hew Ticket T get email upates about progress on your ticket, specify an email address in the Settings.

Download

1 SN repostory

[T

| Zakoficzono

two students: Kamil Sobol and Piotr Stecko



3. Conclusion
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LResults for My studies

Conclusion:
e We considered the main systematic errors which were the most
important in previous measurements of W mass

[[AM,, [MeV] [ ES=0.06% | ES=—0.05% | RF =07 | RF=13 | AkT = —1[GeV] | AKT = +1[GeV] |
Z Candle, Cocp
x?/ndof 1.1 1.0 1.0 1.2 1.2 13
Standard —20+1.8 25118 41+£18 | —228+1.8 >31 > 40
Simple Z Candle | —19 + 4.91 15+ 4.9 > 50 > 77 > 66 > 76

e the results are mainly constrained by statistical errors but studies
were preform for one year of low luminosity 10fb™1 run.

e the next part shows very interesting results (soon o arXiv).

e all this tricks are feasible at LHC (maybe in the mature stage ...)



Thank you for the attention!
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