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New W mass results this winter
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Motivation

The Standard Model (SM) predicts a relationship between the W boson mass and
other parameters of electroweak theory:

MW _ T 1

Radiative corrections Ar

related to the Top quark mass as related to the Higgs mass as
2
Ar oc M; Ar o< In My
e.g. H
W:I: W:I:

Precise knowledge of the W mass and top
quark mass can indirectly constrain the mass
of the hypothetical Higgs boson.
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Motivation

The Higgs mass is much more sensitive to
the W mass than the top mass:

Amy/ Amw ~ 170 Amy/ Amy

For equal constraint on the Higgs
mass, W mass has to be measured
much more precise than the top
quark mass:

Amw ~ 0.006 Am

e.g.m¢=173.2 £ 0.9 GeV (world average)

equivalent to
Amw ~ 5 MeV !!

Previous world average:
mw = 80.399 £ 0.023 GeV
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The W mass is the limiting factor in constraining the

Higgs mass.
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95% CL Limit/SM

Motivation
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Results from direct searches of Higgs boson
Most likely mass region @ 95% C.L. : Moriond EW 2012

Tevatron Higgs exclusion ATLAS:
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indirect constraints and direct searches of Higgs
is an important test of the SM.
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Motivation

Before the results came
out, we were hoping ...

%G\

and even more ...
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_~~"Main Injector

antiproton
source

Proton-antiproton collider, at center-of-mass energy = 1.96 TeV
36 proton and antiproton bunches
396 ns between bunch crossing
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The DO detector

Tracking system provides
precise spatial resolution

Liquid argon calorimeter
provides stable and high
precision energy
measurements:

- 1] coverage up to 4.2

- 0E/E ~4% @ 45 GeV

§ﬂ=0 n= ,//'

Muon Chambers
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The CDF detector

EM calorimeter m END WALL

o 2.0 HADROM
Lead-aluminum CAL. g
scintillator -
15 _| | soLenoip. " 1]
] i
Central drift chamber ‘o — = o
provides accurate tracking - =
momentum measurements i | 5
- dP1/Pr~3.2% @ 45 GeV °° S g ) _ 20
— ’, = R L & .
0 \ 11 | I T 1T 1 | I T T 1 | I T T 1 | T 1T 1 | I
: \ 1.0 1.5 2.0 25 30 m
sSVvX 1l — INTERMEDIATE ]
5 LAYERS SILICON LAYERS Calorimeters measure

hadronic recoil particles
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Weekly Integrated Luminosity (pb!)

Peak Luminosity
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Analysis strategy in a nutshell

Three observables:
A typical W—ev event in CDF and D0

elecuors l
e MT7 PT? ET

MY = \/QP%ET(l — cos A¢)

A Fast MC model to generate templates of the
3 observables with different W mass hypotheses.
Fit the templates to the data to extract W mass.

The Fast MC model:
S - Theoretical Model: Resbos(CTEQ6.6)+Photos
- Parametrized Detector Model

Hadronic Recoil

Séminaires du SPP, May 09, 2012, CEA-Saclay 11 Hengne Li/ LPCS
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Event selection

DO analysis: 4.3 fb-! CDF analysis: 2.2 fb-1
- W— ev events - W— ev and W— uv events
- Central electrons: Inl < 1.05 - Central leptons: Inl <1.0
- pr(e) > 25 GeV - pr() > 30 GeV
- Missing Er > 25 GeV - Missing Er > 25 GeV
- Hadronic recoil: ur < 15 GeV - Hadronic recoil: ur < 15 GeV
- After selection: - After selection:
- 1,677,394 W— ev candidates - 470,126 W— ev candidates
- 624,708 W— uv candidates
> 2.4?10‘ No pr(W) | WCand:i;coilPt_SpatiaI_Match_o |
o oI pr(W) included wf o
% @ detector effects added 80: —j
¢
l : DO 4.3 fb-!
60
Transverse boost of the W boson degrades the I
sharpness of the pr(e) Jacobian edge. - ur < 15 GeV
Requiring uT<15 GeV is helpful, however, it also
transfers certain recoil modeling uncertainty into pr(e) 2
0O_IIIISHH1()IHI15HH2|0HH2|5III 3|0
ur (GeV)
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The observables

Can directly reconstruct two variables:

Sl
P "I’ Lepton pT can be precisely measured, 0.01% precision.

—
uT Hadronic recoil: vectorial sum of the transverse

energies of all the calorimeter cells outside the
lepton reconstruction window.

- less precise, ~1 % precision,

- low resolution, Aur > 3.5 GeV

- hadronic energy response is only ~ 65 %

-~ —

Hadronic Recoil

Calculate three observables to extract the W boson mass :

P Er M

— |PL o+ g = \/(P%Jr Br)* — (Pr+Er)?

l [
™~ PT -+ UT COS A¢(lepton—recoil) ~ 2PT + U COS A¢lepton—recoil
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The observables

<102  Which observable is more powerful?
2220 / DO full MC
<200 P T
180 E [ \/ 2 T
£ 160 1 ~ 2P + up cos Ny

[ l s W
2140__ ~ PT—I_UT COSAgbl,uT l
°TTE 2P
-lg 120 — # /
é 100— __‘,-:::'_-_:%,'_/2 E T
& 80 i,
2 : y
c 60 a7 b
d>, - Nl -
LLI 40 — ] -

20— : T,
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Theoretical Model

The Fast MC model (generate templates, fit to the data to extract W mass):
- Theoretical Model: Resbos(CTEQ6.6)+Photos
- Parametrized Detector Model

- Resbos: Next-to-leading order event generator with next-to-next-to-leading

logarithm resummation of soft gluons, gives the best boson pT description so far.
[C. Balazs and C. P. Yuan, Phys. Rev. D 56, 5558 (1997).]

- Photos: generates up to two final state radiation photons. [P. Golonka and Z. Was, Eur.
Phys. J. C 45, 97 (2006).]

eooE et~ 142.8150 CDF Il preliminary f L dt~2.2 fb™
= AT > 1800
14001— —=— FASTMC 8 - MC data
1200 1600 u = 8.921 GeV u = 8.856 = 0.052 GeV
1000F D0 RunlI 4.3 fb-! S 1400 o = 6.693 GeV o = 6.698 = 0.037 GeV
- o
800 1200 ® Data
600 — Simulation

400 +2/ DoF =18.7 / 29

T oz
i *HJWW mwﬂg GTLN gt T
= T = = = s P’;‘E( e e)4.(’(G e4‘57) = PT(Z_>ee) (GeV)
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Parametrized Detector Moadel

The Fast MC model (generate templates, fit to the data to extract W mass):
- Event Generator: Resbos(CTEQ6.6)+Photos
- Parametrized Detector Model

The parametrized detector model has to simulate:

- Lepton energy response and smearing

- Hadronic recoil energy response and smearing
- Underlying energy:
- additional ppbar interactions (pileup):
- average number of primary vertices:
CDF~2;D0~4
- spectator parton interactions

- Lepton selection efficiency

- Background

Hadronic Recoil
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Correct/model non-linear energy responses:
Correction of the energy loss due to dead material,
Correction of the response decrease due to pileup

Modeling underlying energy contamination from pileup and hadronic recoil

@13%
Electron energy scale at DO

v e i o

Final electron energy response is tuned using Z->ee events assuming

a linear response.

Norm.

0.8

0.6

0.4

Inst. Lumi.

from W->ev events

OI | I.| |
o,

V4
-

DO Run Il
—— Runlla

—— Runllb

~3 times larger
in Runllb

6 7 8 9 10
Inst. Lumi. (36 * 10°° cm2s™)

Scalar Er (electron removed) from W->ev events
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Dead material, electron energy loss

About 3.7 Xy dead material in front of dE/dX vs. depth

~ o
EM calorimeter NG ca-0
- Electrons start to loose energy before § incidence)
flying to the EM calorimeter 5 _9( ]
- Depends on electron energy and incidence X r8jag & \ @ -
angle (eta) S oot
Intljegt:ené?g:at 0 - 1dseptr:‘]in razdsiatiosr: Ien:ths (;ZO)

Central Fiber Tracker

E-loss correction factors

o e Central Calorimeter
First active layer df}

7 —crvowalls— 11X /{ |

/1 Forward
Preshower

liquid argon r Solenoidal Magnet 0.9 X/ / -T s = 1.5
A AR 7 = | L{~ Detector 3%
b LS oner detector 04 ¥ — . | — Luminosity ® u
about | == Monitor ) %\ ota = 1.1 DO RunlI
% 1'7‘[4: = L
between|! = L \ il = BeDz?m E 1'3: \L\\
5 Q L
N Pipe B 12—
@ (=
v \ \\  End & r
Interaction Z \ Si 4 Galorimeter ¢ 14
oint ollicon £ i
P Central Preshower Microstrip & E
Detector Tracker ;"' 11—
0.3 X plus 1 X of lead 3 F
0 0 E =
! 09
0.87 jig ;|
10 raw e‘m:rgy (GeV)
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Response reduction due to pileup

Pileup causes reduction of energy response!
- Too much pileup creates high current in the readout
- The current that flows through resistive coat of the HV pads results
in HV drops, thus, reduces the energy response

Unit cell of the LAr calorimeter readout Cece pa Fitted Z mass vs. Inst. Lumi.
-CC pairs
Coat >
Absorber Plates 3 91.8 Run Ilb post-shutdown-2007 CC-CC
LAr Gaps a D0 RunlIl
—~ = - P - T _i - - g 91.6 Run IIb post-shutdewn-2008 CC-CC
/ Y PP E 91.4 :
/ \ .
=
% % ! 2o1.2 M
' z

High-Voltage pads 90.6

90.4

|
e e |
‘ ! 90.2

/ b1 1 1 | 11 1 1 | 11 1 | | 11 1 | I 1 1 | 1 | 11§ | | 11 1 1 I 11
%0 2 3 4 5 6 7

}‘_ 1 Unit Cell Instantaneous per-tick liminosity (10E30 cm™ s™)
nit Ce —>‘

|

|

' )

| L —

| | 90.8
|

|

|

|

w
-
III|III|III|III|III|III|III|III|IIIIIII

/
\
o
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A Energy gain due to pileuf= ==

Electron Model:
Ereco — REM (Etrue) X OFM (Etrue) + AECO’PT‘
Response Resolution Energy contamination
Hard Recaoil,
spectator parton interactions, and
pile-up
AECOI"I" Model: @
ASR
1.Energy loss due to FSR
electron
2.Recoil, spectator partons interactions and reconstruction
. . . . . window (the circle)
pileup contamination inside the electron
reconstruction cone e
S Ok L
3.Effects due to electronics noise subtraction S.7r DO full MC i““tll‘\i‘é
° ° ° % - —— Ias
and baseline subtraction (to subtract residue Vos—
energy deposition from previous bunch 05 |
crossings) 04 ot
0.3 = - ;:i¢:¢* —
0.22— B .
0.1?&:% -+
i T T e e T T

8
Inst. Lumi. (36 * 10°° cm2s™)
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Final electron energy scale

After the correction and modeling of the non-linear energy responses, the final
electron energy response is calibrated using Z->ee events assuming a linear

respomnsc. _ _
REM (Etrue) — - (Etrue — Etrue) + 6 + Etrue

Essentially, measuring the ratio Mw/Mz , limited by the Z->ee statistics

Fit back to determine the Z mass:

Scale and offset are determined in 4 inst. lumi. bins - 1800 1
03 8 g(a) DO, 4.3 fb :IBI?\?T vC
> I DO Run II, 4.3 fb! Q 1500;_ A - 2/dof = 153.3/160
%o.zzs_— % 1200;_ M(ee)
o I S 900
] I @ -
g 0_15_— y 600 = Mz=91.193 % 0.017(stat) GeV
° I Larn 300
0.075— 0.72<lL<1.4 2 ‘:(b}' rarets ST S S Mo ———
[ 1.4<l<2.2 20 O b it e H _________________
fee2 °?ﬁ:‘ﬂﬁﬂ:*ﬁ*j‘@:ﬂ“ﬁ}_‘ﬂ!:ﬂ:‘:‘j‘:ﬂ.‘”’.‘:*t‘.'!ﬂt*:Wrr_*_W_H.H_“_jﬂ’.ﬁ"**1*?“.*:&}.'1%&*@%”*11*.Hﬂ.*_’{‘_“;W_"”_'.*ﬁrwﬂ*.*__‘uﬂ
1 1.01  1.02 1.03 1.04 1.05 28 R o A t
Scale, a 70 75 80 85 90 95 100 105 110

m, (GeV)
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Lepton energy scale at CDF

Tracker calibration (for muon channel)
- tracker alignment using cosmic rays

- tracker momentum scale and non-linearity constrained using
JAp->un and Y->uu events

- confirmed using Z->up fits
EM calorimeter calibration (for electron channel):

- Transfer tracker momentum scale to EM calorimeter energy
scale using fits to the E/p spectrum using W->ev and Z->ee
events

- confirmed using Z->ee fits

Séminaires du SPP, May 09, 2012, CEA-Saclay 22 Hengne Li/ LPCS



:.j";:.} w ] @lz:rgz tptt’—(.:
Tracker alignment

Tracking alignment using cosmic rays

CDFII

100

- Before alignment
= '
|t b * ¥
#, #
- . '-:. * . . -I ' . .
0 1. ¢ o, * Yoo i * -
L} # *
Sy ) + ¥
. 4; LI * ¥ +‘| : g + ' * ) * t
- . . .‘ b/ + ¥ + " ! . . + £, |'+I-
l'_ ¥ ‘|“ + * . . , £ + *“ L ) l
- "R + b, |]_ ¢ . ! . 444
¥
—_ ] 1 1 L

"Cell number (¢)
after alignment

Residual (microns)

Cell number ()
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Tracking momentum scale

N2P2
NZFS
' .

Tracking momentum scale is determined using JAp->uun and Y->uu events:

-0.001

CDF Il preliminary

- Also using fit to Y->uu mass

f L dt ~2.2 fb"

A p/p
I

-0.0015[—

—o— J/hp—yuu data (stat. only)

—¥— Y —uu data (stat. only)

combined A p/p (stat. @ syst.) for W—uv events

-0.0020

0.2 0.4 0.6

<1/p_> (GeV’)

- High statistics J/U->up and Y->un events !! (in contrast to D0)

- Extract momentum scale by fitting J/1p mass in bins of pr(w)

5000—

CDF Il preliminary _[L dt = 2.2 fb™
Emooo—
R - e Data 3
< a : Aplp = (-1.284+0.024 )x 10
g L — Simulation plp=( sat)
&
g L

y2ldof = 95 / 86

: J/p—=uu
- mass fit (bin 5)
n. ' I ~ |
3 32 34
m,, (GeV)
CDFII = 2.2 fb"
N fL dt~2.2fb
2 -
N : ° D_ata _ ;
% 15000 — Simulation Ap/p =(-1.185 + O.OZStat) x 10
> -
Q
:Y->uu y2/dof = 48 / 38

10000

5000

-

© [T

10
m,, (GeV)
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Tracking momentum scale

Examine the momentum scale by fitting to Z ->uu mass

CDF Il

f L dt~2.2fb"

4000

events/ 0.5 GeV

2000

M, = (91180 12_,_,) MeV

w2/dof = 30/ 30
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Electron energy scale

Determine electron energy scale by transferring tracking momentum scale !
- using E(cal)/P(track) distributions of electrons in W->ev and Z->ee events
- Fit to peak to determine the energy scale

- Fit to the tail to tune the dead material

COFI f L dt~2.2 fb" o COFI f L dt~2.2 b
X
) B 3 B
o _ ® Data o 300— ® Data
-~ — Simulation ~ — = Simulation
£ 20000— P | Simulatio
c c
g g
i B y2/dof =18 / 22 L — yx2/dof =1.4/1
i 200 —
10000 — B
B 100—
| | | I I I | IA‘ | B | | | | | | | | | | | | | |
0 1 1.2 1.4 1.6 0 1 1.2 1.4 1.6
E/p (W—ev) E/p (W—ev)
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Electron energy scale

Examine the energy scale by fitting to Z ->ee mass

CDF II f L dt~2.2 b

>

fs’ 1000—

) ® Data

= — _ — Simulation

S M, = (91230 = 3ostat) MeV

2 B

Q

> - v2/dof = 42 / 38

500—
== . | L S S SO
%o 80 90 100 110
m,. (GeV)
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Hadronic recoil modeling

Recoil Model:

ﬁT u%ard Ay Soft _I_uEleC_l_ —>FSR

“pure” Hard Recoil h hot that fl
. photons that fly
balancing W or Z boson outside the electron
reconstruction
window.

Soft Recoil: pileup

and spectator parton Recoil energy that
interactions falls in the electron

reconstruction
window, as well as
electron energy
leakage to the
recoil.

nderlying

Hadronic Recoil
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Recoil tuning at DO

The recoil model is fine tuned using standard UA2 observables

A

—p —
nimb — (pT —|_ UT) . T] n-axis: the bisector of two electron

momenta of Z->ee events

- Use the mean of n-imbalance to tune the recoil response

- Use the width of n-imbalance to tune the recoil resolution

~ 10¢ ~ 6
> gf.  DORunll, 4.3 b 2 [ DORunll,43fb’
% 85_ = Data Q % 55:_ = Data =
© : = PMCS = : < PMCS
= o =
e} = o] 2 B
:§ SF g‘g4.5_— =
4t 5 4; 5
Zé_ © EOEDBD
- @] _
1;_ DDQ 3.5:@
- B B
O'D...I ' ] L+ 0y 3. PR [T ST T SO TR NN SN TN ST T NN ST SN TN T N S T
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Do

Similar to D0, just that at CDF the n-imbalance is defined as:

- Use the mean of n-imbalance to tune the recoil response

Use the width of n-imbalance to tune the recoil resolution

Recoil tuning at CDF

Nimp = (0.65 - P& + tr) -

n-axis: the bisector of two electron
momenta of Z->ee events

CDF II f L dt~2.2 b
CDF II f L dt~2.2 b 6
—~ 3 > —
s °f § I
B ~ - 2 =8.
9; S F - ° I:S)iar;tﬁjlation wIBeF =878
s 2 ; ; 3 b5— —
7 2C — Simulation 2/ DoF =15.6/9 3 B |_£|:
e - NQ-: - 4 q_
n - ) | _
© 1 —— © n -t
o :_._—o— ———¢— © 5l %—,—
o _+ e B ——
0o— i B , '
B - N ——
- 45—
- _+_ﬂ— [ —
- ] B ——e—
Py ar
: B _T
-3 : 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 :_._ | | | | |
0 5 10 15 20 25 30 3.5 1 1 1 1 1 1 1 1 1 1 1 1 1
p_(Z—ee) (GeV) 0 5 10 15 20 25 30
T p.(Z—uu) (GeV)
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W mass: Results

Results from DO:
M

> 40000 o0 I - < 70000
§ amE SEASTNS, o Seo0o0
S 30000/ x?/dof = 37.4/49
§20000
L

10000 HMH

S T T

_g“ﬂﬁﬂﬂmW*ﬂ+HWHHHWHW*hﬁHﬂﬂWHWﬁﬁﬁ

pr(e)

“(b) DO, 4.3 fb™

—Data

—FAST MC
mBackground

»2/dof = 26.7/31

25 30 35 40 45 50 55 60

pS (GeV)

Method (4.3 fb~ ")

MW (MeV)

mr (e, v) 80371 + 13(stat)
pr(e) 80343 £ 14(stat)
Er(ev) 80355 + 15(stat)

Combination mr @ pr (4.3 fb— )

80367 + 26(syst + stat)

Combination (5.3 fb~ )

80375 4 23(syst + stat)

23 MeV was the previous world average!
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W mass: Results

Results from CDF:

CDF Il j [ df=22fb"

evenis / 0.5 GeV

:

M,, = (80379 + 16__) MeV

y2/dof = 58/48

“70 80 %0 100
m(uv) (GeV)

CDF lI j L dt=22fb"

> —
8 B +
1
o i
@ 10000—
: f—
4
a -

000 My, = (80408 + 19__) MeV

B y2/dof=52/48
% w0 s e 100

m(ev) (GeV)

Method (2.2 fb ") Myw (MeV) Method (2.2 fb~ ") Myw (MeV)
mr (u, V) 80379 + 16(stat) mr(e, V) 80408 + 19(stat)
pr(w) 80348 + 18(stat) pr(e) 80393 + 21(stat)
Fr(p,v) 80406 £ 22(stat) Er(e,v) 80431 £ 25(stat)

Combination (2.2 fb )

80387 + 19 MeV (syst + stat)

Most precise single experiment result!

Séminaires du SPP, May 09, 2012, CEA-Saclay

32

Hengne Li/ LPCS



- P

Systematic uncertainties at DO

D0 4.3 fb-1, e-channel

Source o(mw) MeV mr|o(mw) MeV pr|o(mw) MeV .,
Experimental
Electron Energy Scale 16 17 16
Electron Energy Resolution 2 2 3
Electron Energy Nonlinearity 4 § 7
W and Z Electron energy 4 4 4

loss differences
Recoil Model 5 6 14
Electron Efficiencies 1 3 5
Backgrounds 2 2 2
Experimental Total 18 20 24
W production and
decay model
PDF 11 11 14
QED 7 7 9
Boson pr 2 5 2
W model Total 13 14 17
Total Systematic Uncertainty 22 24 29
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Systematic uncertainties at 8DF

CDF 2.2 tb-1, e- and pn-channels

Mr Pr Er

Systematic (MeV) Electrons Muons Electrons Muons FElectrons Muons
Lepton Energy Scale 10 7 10 7 10 7
Lepton Energy Resolution 4 1 4 1 7 1
Recoil Energy Scale 5 5 6 6 2 2
Recoil Energy Resolution 7 7 5 5 11 11
u)| Efficiency 0 0 2 1 3 2
Lepton Removal 3 2 0 0 6 4
Backgrounds 4 3 3 5 4 6
pr (W) Model (g2, g3, as) 3 3 9 9 4 4
Parton Distributions 10 10 9 9 11 11
QED Radiation 4 4 4 4 4 4
Total 18 16 19 18 22 20
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& Do  @. LPC
about the PDF uncertainties

In principle, the transverse observables (e.g. mT, pT(e)) are insensitive to the
uncertainties in the (longitudinal) parton distribution functions (PDF).

However, our cuts on the leptons 1 (Inl<1.0) is not invariant under longitudinal
boosts. Changes in PDFs can modify the shapes of the transverse observables under
1 cuts. Therefore, PDF uncertainties are introduced.

Ways to reduce the PDF uncertainties:

- Extending the 1 coverage as much as possible, including end-cap leptons:

- Can reduce by a factor of two, need to understand the energy scale, pileup, and
backgrounds for the end-cap leptons.

- Reduce the PDF uncertainties by other measurements:

- e.g. W charge asymmetry measurements.
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New world average

Mass of the W Boson

Measurement M,, [MeV]
CDF-0/I o 80432 + 79
D-| | 80478 + 83
D-Il o) —— 80402 + 43
CDF-Il 22w o 80387 + 19
DBl wsw) —e— 80369 + 26
Tevatron Run-0//ll @ 80387 + 16
LEP-2 —0— 80376 = 33
( World Average + 80385 + 15 )
I ! ! E I ! ! |
80200 80400 80600
M,y [MeV] March 2012
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Step back...

D old
80.5 2 cem er' 0 y . ]
LHC excluded

| —LEP2 and Tevatron
{ ---- LEP1 and SLD

68% CL /-\

.........
.......
-
-
»
-

80.3{m  [g€V] Aa
174 300 6001000

155 175
m, [GeV]
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B D D.. LPC
The new world average

Zfitter, LEPEWWG

March 2012 NOW!
80 5@ , |
L HC excluded

| —LEP2 and Tevatron
{1 ----LEP1 and SLD
68% CL

-*
="
-="
-
-"
-
-
-e®
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-

=
-----
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155 175 195
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~ W mass: Constraint on Higgs mass™~

6 C March 2012 My = 152 Ge'_V
5

5 — Aal(‘ua)d =
— 0.02750+0.00033
---0.02749+0.00010

4 - -« incl. low Q° data

<
2 -
1 -
{LEP LHC
0 excluded £ excluded
40 100 200
m, [GeV] Zfitter, LEPEWWG

@HJ'E

P

Previous (Dec. 2011) SM Higgs fit:

myg = 92 34,56 GeV
myg < 161 GeV @ 95% C.L.

New prel. SM Higgs fit:

my = 94 +29 54 GeV
myg < 152 GeV @ 95% C.L.
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We were

Before the results came
out, we were hoping ...

L A

-

q-“

e

and even more ...

Cr I

hoping

February 2012
80_5 T [T T r oo
| "*LEPEWWG (2011) 68% CL (excluding MW, mtop & direct Higgs exclusi _
— O 68% CL (by area) M,, (80399 = 15 MeV), L -
< 80.45— —
O i ]
©) - i
N A Ty |
Q@ 804l | )T -
© B |
= i
= goas- o
80.3 — _
C P AT TSN T T TN T N Y W A AN BN R AN BN RN R
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February 2012
80.5 _I LI | T T 17T | LI | LI | LI | T T 17T | T T 17T | LI
| " LEPEWWG (2011) 68% CL (excluding MW, mtop & direct Higgs exclusi _
— () 68% CL (by area) M, (80430 = 15 MeV), Mo -
< 80.45 —
O i i
Q) _ i
~—" - \J ]
s 804- LT —
cU — - —
= i 015 GeV
=s03sl- . S
80.3 —
C I I I I I I
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Top Mass (GeV)

—
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The new world average

Zfitter, LEPEWWG

|
80,5z > NOW: _

When we knew this at _ LHC excluded
first, we felt... — LEP2 and Tevatron
1 - LEP1 and SLD
_ 68% CL
D
g 80.4 -
but, we quickly changed =
to say ... &
80.3 - m,,
124

Hooray!
Long live Standard Model !

m, [GeV]
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We are again hoping

February 2012
80.5 _I LI | | L | L | | L | L | | L | 1T 1T 1 | | L
| 7. * LEPEWWG (2011) 68% CL (excluding MW, M & direct Higgs exclusi _
— (O 68% CL (by area) M, L _
< 80.45| -
o - mw =80.385 2 0.005 GeV -
We start to dream ~ i 7
. 7)) B mi=1732+£05GeV  #  -ommmm N
again ... % 80.4— T L o
g 0 0
=03 . S
80.3 —
[ | | 1 1 1 1 | | I I | | | I I | | | 1 1 | | I I | | 1 1 1

5 160 165 170 175 180 185 190 195
Top Mass (GeV)

1

&)
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Summary and outlook

- New results from CDF and D0 this winter bring down the world
average W boson mass uncertainty from 23 MeV to 15 MeV!

New world average : Mw = 80.385 £ 0.015 GeV
Constraints on the SM Higgs boson: Mu = 94 +2254 GeV

Mu <152 GeV @ 95% C.L.

- Improve the measurement:

- PDF uncertainty: can be reduced by including end-cap electrons and by other
analysis e.g. W change asymmetry measurement

- With the full Tevatron data sets

- There is the LHC.
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Backups
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Published Results po Runila 1 b1

Central Calorimeter (CC) Electrons

Phys. Rev. Lett. 103, 141801 (2009).

10000 = 436 = 0.
E "(a) DO, 1 ] - E,?\tsaT i CDF Run 0/1 © 80.436 + 0.081
iy B m Background DO Run —e 80.478 = 0.083
S 7900 - x2ldof = 48/49
2] - CDF Run I —— 80.413 = 0.048
c
o L
> 9000 Tevatron 2007 —o— 80.432 = 0.039
2500 - <D0 Run i —o— 80.402 = 0.043 >
| Tevatron 2009 —0— 80.420 + 0.031
F Lo
2 —_|?|||T| ..... || ........... |£||l+ ..... | ||{.l£|| ..... T i.&l ................. |£l|| ......
0 Mgy o an R S ity
i, ) - 1......!..1.1;!,1___+ .......... sl +1°1 ......... ellle T eTMQIIT ¥ World average —0— 80.399 = 0.023
C [
50 60 70 80 90 100 ! | |
m. (GeV) 80 80.2 80.4 80.6
T m,, (GeV)
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W data

WCandRecoilPt_Spatial_Match_0 « distribution with overall x = 128.2 for 30 bins
x10°
B x?/ndf = 128.2/30 i
1007 T DATA of DO Run 11 4.3 fb-
= a | WCandRecoilPt_Spatial_Match_0 |
= 0°
(I

= 100

DO Run II 4.3 fb-

u,

T

60

40

[lII|IIII|I\II|IIII|IIII|\III|II\I|IIII‘IIII|I\I§

20 20 o=
- ’ 20
%5 10 15 2 3 o s 0 s 2 a0 L R
Here the error bars only reflect the finite These are the same W candidates
statistics of the W candidate sample. in the data. The blue band represents

the uncertainties in the fast MC
prediction due to the uncertainties
in the recoil tune from the finite

Z statistics.

Good agreement between data and parameterised Monte Carlo.
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Electron efficiency mOde?

P

Efficiency modeling in the high inst. lumi. condition is challenging:
- pileup and hard recoil contaminate the electron reconstruction window,
- correlations with electron kinematics.

A two-step modeling:

- model the efficiency in a detailed simulation overlaid with pileup from

collider data.

- check efficiency dependences using Z->ee events comparing data and

detailed simulation.

e 10 21.05
Moor e I -1
" DO full MC Lk 4 DO Run il 4.3 fb
C Y ng.} — - 1
- N + | hsl %—+++—+—_+_ +——?—_’__+ T4
0.9 P o C, T |
: = i BTG o= S
085— _, 0.95(— 1 +:$:_T_=¢:Z;Z— - -
C e B T T
C o - BE —e— Dat
0.8~ o full MC :t—T— | ata
- 03_‘* —e— FullMC
0.75— —— fast MC B _
- —e— Ratio Data/FullMC
0-5:....I....I....I....I....I....I....I 0.85_—----I----I----I--..I....I....I....I....
5 30 35 40 45 55 60 25 30 35 40 45 50 60 65
True P.(e) (GeV) pT(e) (GeV)
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Consistency checks

Split data sample into four bins of instantaneous luminosity and measure W mass separately

for each bin;

W

DO Run Il 4.3 fb~1
T

2<L<4 _l

s

Z

“WIZ!!

DO Run 11 4.3 fb-

P—

81.6 81.7 81.8 81.9 82 821

Blinded W mass (GeV)

Error bars represent W statistics.

Green bands represent
EM scale uncertainty
(100 % correlated

for m_, p. and MET).

DO Run 11 4.3 fb'1 ;.-_

N

=

|||||||||||||i_£(_

N
N

oo e g aa g

91 91.05 91.1 91.15 91.2 91.25 91.3 91.35 914

Z mass (GeV)

Sorry, still using blinded mass in these plots.
But it does not matter here ...

differences between observables and subsamples

are preserved by the blinding.

0.895 0.89 0.897 0.898 0899 09 0.90

(Blinded W mass) / (Z mass)

Error bars represent
W and Z statistics.

Green bands represent
contribution from Z alone
(100 % correlated

for m_, p, and MET).

mass ratio 1s stable vs. lumi.
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S 900 51400 1400}
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200 200F
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