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Motivations

m In SM, masses of top quark, W boson and Higgs — |
boson related through radiative corrections: M, =452 _
2Gy. smHW(l—AR)
= Precision measurements allow Mz\l Iy
. . ,10
1 Consistency check of SM (comparison op> 05 M h
between direct and indirect measurements)
01 Give hints of new physics
1 Constraint the mass of SM Higgs boson CDF Run 0/ ' 80.436:0.081
DO Run ——&—— 80.478 + 0.083
CDF Run 1 —e— 80.413 £ 0.048
- Out“n e: Tevatron Run-0/l/1l —o—i 80.432 + 0.039
1 Method LEP2 average o 80.376 + 0.033
D AnalySiS With firSt data World average (prel.) = o
0 Long ter.m perspectives sonunil ooy IR
1 Conclusions
L | |
80 80.2 80.4 80.6
mW (GEV) | D@ Note 5893-CONF ||
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mass at LHC

m  NNLO cross section 20.5 nb per leptonic channel @ 14 TeV
W — [v 65 000 evts selected per channel in 15 pb-'

10 times less Z. Only lepton channels are usefull

m 3 observables sensitive to the W mass (with # systematics):
m; (defined asJ 2pépy(1 — cos(¢p? — ¢¥)) )
pr (lepton)

. m; [GeV]

pr (neutrino) < 7o
"] Temp|ate method :::z: | AI"GICOhS‘tI’LfJCted Emnf
o distribution: g
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m Effects distorting the test distributions:

0 Experimental sources of uncertainty:
= Lepton energy scale and linearity
= Lepton energy resolution
= Non gaussian tails of the energy distributions
= Recoil scale and resolution
= Reconstruction Efficiency

[0 Theoretical sources:
m Direct effect on lepton: FSR
= W distributions: y(W) and p(W) (PDF, ISR); T'yy

0 Environmental sources:
s Backgrounds, underlying event, pileup, beam crossing angle

m To control these effects in the templates, rely on our great knowledge of the Z
physics by calibrating the effects on the Z events.
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|. Validation of the modelisation of the
detector templates effects (1)
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|. Validation of the modelisation of the

detector templates effects (2)

=

m Result;

15 pb', W—ev, p;lepton

Selection and backgrounds
01 High p;isolated lepton, E,, had. Recoil, EM crack
e~ 22%
0 Backgrounds W to 1, Z to leptons, jet events
= After selection 2.2% of evts are background
mainly W—1tv

Events/(1.0)

" |n terms of mass:

O Fit result: my, = 80.468 + 0.117 GeV
1 To be compared to m,'™e = 80.405 GeV
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|. Sensitivity of m,,/ to the template

components(1)

® Estimation of the impact of an effect:
Templates are produced with varying effect sizes

" Energy scale and resolution

- | ATLAS

= 30 % <200
201 o 100F-
10F- 8 n
'"’g_ ; — 100/
=20 C
= -200—
-302— -
a0f- ¢ 300§
S T R R B SRR -
80 -0 20 0 20 ® o o) B T R X B R K R R
e 3oy, (%)
omy, /oo = 800 MeV/%  dm,,/dog = 0.8 MeV/%
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|. Sensitivity of m,,/ to the template
components (2)

®" Non gaussian tails

Assuming a pure gaussian response test the biais induced by not taking
into account the non gaussian tails
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[l. Calibration on Z events

® Scale and resolution

‘“?2000:—' o ! =

) L. 60001 a from fit ~ 0.9958 +/-310* =

With the low statistic, only average scale and L aom E /B -0 10 E
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lll. From Z to W events

m  Example with pT (e) spectrum:

1 Response parameters determined insitu using Z events are then used to
produce templates of the electron p, tested against the data

0 Fit result: m, = 80.466 £ 0.110 GeV

[0 To be compared to m,'™¢ = 80.405 GeV No bias!
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Results

= Results at 15 pb!

d My (stat.) 120 106 61 57
d My (scale) 110 110 110 110
d Myy (resol) 5 5 5 5
o Myy (tails) 28 <28 28 <28
d My (eff.) 14 - 14 -
d Myy (recoil) - - 200 200
o My (bkg) 3 3 3 3
d My, (PDF) 25 25 25 25
0 With p;lepton oM\, = 110 (stat) ® 114 (exp.) ® 25 (PDF) MeV

main systematic uncertainty: energy scale

0 With m; oM, = 60 (stat) @ 230 (exp.) ® 25 (PDF) MeV
main systematic uncertainty: recoil scale
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Long term perspectives (10 fb-1)

m Statistics allows further studies:

1 ~45 000 000 of W bosons per leptonic channel
1 ~ 4500 000 of Z bosons per leptonic channel

m Extensive systematic studies. Examples:

0 Experimental sources of uncertainty:

= Lepton energy scale and resolution, linearity
1 Theoretical sources:

= W distributions: y(W)

= FSR

HEP 2009 N. Besson CEA Saclay
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irst example: energy dependent scale and resolution

m  Same template method allowing to determine average scale and resolution
simultaneously but in bins of electron energy

m  Whereas there’s an hypothesis on the shape of of the resolution with respect
to the lepton energy, the method allows to recover the true shape
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m  Second example: W distributions

0 Rapidity distribution $F -

3 15.;__ ATLAS :
Essentially driven by the PDFs o Z
With CTEQG6.1, 20 diagonal parameters, ’ 1 E
+ 10 My, ~ 25 MeV U TIOR8
Sea quarks interactions, ~symmetric 3 -
=) strong correlation betweeny,yandy, ' | L 1 1
with respect to PDF variations WE W B NN W
With 10 fb-? improvement on Z rapidity i J.luﬁ-jl":j:}l e f
distribution factor ~30 — improvement ", e 3
on W rapidity distribution by a factor 20 rH o .‘.J.u o
= 5M,, ~ 3 MeV ;-gﬁ L“-'E: <]
Releasing the s =S constraint “°“jﬁ HLF
(CTEQG6.6), slight loss of correlation, N

Y

change of slope

HEP 2009 N. Besson CEA Saclay 14



" S

m  Second example: W distributions

0 Rapidity distribution gf: —— 1=
5t 3
Essentially driven by the PDFs o 3
With CTEQG6.1, 20 diagonal parameters, ’ 1 E
£ 10: My ~ 25 MeV eIV TN T TN 8
Sea quarks interactions, ~symmetric °E | -
=) strong correlation betweeny,yandy, ' | L 1 1
with respect to PDF variations T o w s w3 A
With 10 fb-" improvement on Z rapidity %255%_ . |e]
distribution factor ~30 — improvement & 2ash * 3
on W rapidity distribution by a factor 20 i * o
2.245? . ] g
=) | 5M,, ~ 3 MeV e o s
2235 vy 2l
: ¥ A
Releasing the s =S constraint A
(CTEQ6.6), slight loss of correlation, e I A TN P I I Y malleich |
Change Of Slope 2,15 2,155 2.16 2.165 217 2375 HMgi-IyB)

HEP 2009 N. Besson CEA Saclay 15



" S

m  Second example: W distributions

1 Rapidity distribution

20
1

5

5M,, (MeV)

101

Essentially driven by the PDFs
With CTEQG6.1, 20 diagonal parameters, ’

ATLAS

£ 10: My ~ 25 MeV AR ITA R o ety (i v

51—
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Sea quarks interactions, ~symmetric
= strong correlation between y,, and y,

15

with respect to PDF variations
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= Third example: QED FSR

0 Average of 1% energy lost, (800 MeV on M,,)

) theory stable to around 2.10

(compatible with stat)

[0 Theoretical uncertainty very small

[0 Scale from Z on mixture of e and y
which have diff. scale (1%)

0 Z electrons diff. from W electrons
m® biais in scale transportation oseel
1 0.6 % thus corr. factor of 6.10°

(5 MeV on M)
01 Good stability

m Ultimately a significant effect,
but carries no uncertainty

HEP 2009
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Theoretical model [y 0.5
Yw 1
Piw 3
QED radiation <1
Lepton measurement linearity and scale 4
resolution 1
efficiency 3 (e); <1 (n)
Backgrounds W — 1v 0.4
Z—1(l) 0.2
Z —11 0.1
Jet events 0.5
Pile-up and UE <1 (e); ~0 (n)
Beam crossing angle <0.1
total ~7

One channel (e) and one study (py)
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Conclusion
= Analysis with early data (15 pb-'), examples:
0 Electron channel, electron p;, oMy, = 110 (stat) ® 114 (exp.) ® 25 (PDF) MeV
0 Muon channel, transverse mass, 6M,, = 60 (stat) © 230 (exp.) © 25 (PDF) MeV
0 The statistics correponds to
= 4h of data taking @ 14 TeV and £= 1033 cm2s-"

(« low luminosity » nominal setting)
= ~25 days of data taking @ 10 TeV and £= 103" cm2s-"

= Analysis with higher statistics (10 fb™'), the challenge will be to reduce
systematic uncertainties

o Each decay channel 6M, ~ 7 MeV
[ The statistics corresponds to 1 year of data taking @ 14 TeV and £ = 1033 cm-2s-*

0 Or 1 day at high luminosity

m Data forseen this winter @ 8 or 10 TeV
Many thanks to

the Atlas collaboration, especially to
Maarten Boonekamp, Anna Di Ciaccio,
Lucia Di Ciaccio, Stefan Tapprogge,
Bruno Mansoulié
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