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Latest news

12-18 November:

Hadron Collider Physics conference in Japan

Still count for

another ~3fb!

to come during

~20 days of pp physics
left to go in 2012

20—
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http://www.icepp.s.u-tokyo.ac.jp/hcp2012/

The Standard Model

Describes know particle

and interactions ELEMENTARY
Does not (verifiably) PARTICLES

describe

— Spontaneous symmetry
breaking U(1)xSU(2)

->Fermion masses

T I

t Matter
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The Standard Model

Describes know particle and
interactions

Does not (verifiably) describe

— Spontaneous symmetry
breaking U(1)xSU(2)

- Fermion masses

Simple elegant solution:
Higgs mechanism

- Explains EWSB (and fermion . ;
masses) Leptons

— Physical manifestation is
Higgs boson
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Precision measurements

Z-boson line shape
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Precision measurement

W boson mass

CDF Il preliminary I.r. dt = 200 pb”
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What does the W mass tells us

Electroweak sector of the standard model (SM) is constrained by
Gp =1.16637(1) x 107° GeV™2  agp(Q? = MZ) = 1/127.918(18)

mz = 91.1876(21) GeV/c?

These inputs give a prediction of mw
9 T gy

2
My = : 2 myy,
=i sy =1 —
\/ﬁGF sin“ Gy (1 W -m%

[ ]

Radiative corrections Ar dominated by top and Higgs loops

t H

V- V- W W
oo Ne's's 20090000

Precision measurements of mw and mp constrain SM Higgs mass
Where should the Higgs be?

[ ]
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Measurements of mW

» State-of-the-art (Jan 2012) DELPHI T 80336 =+ 67
. _ 1
DO Mw=80401+43 MeV [1 tb™', €] 3 —— 80070 = 5
PRL 103:141801 (2009) —.—
OPAL 80416 + 53
» CDF Mw=80413+48 MeV [200 pb, e+u] —e—
PRL 99:151801 (2007) ALEPH 5 Bl
PRD 77:112001 (2008) LEP2 80376 + 33
N ' . ._'_|
+ Combining with LEP AMw = 23 MeV CDF | 80433 + 79
——
DO | 80483 + 84
» Achieved: exceed precision of ete- machine CDF || 80413 + 48
. : .
measurements with hadron collider 001l 80401 + 43
——
o _ Tevatron 80420 + 31
» Goal: match prec.lsmn. of all previous World Average (2009) B coz00 . o3
measurements with single CDF measurement Lol oo b i b b

80000 80100 80200 80300 80400 60500 80OG0O0
W boson mass (MeVic?)
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The Tevatron at Fermilab

- 1.96 TeV ppbar collider
- Highest ene%ibggllider in the world
- Typical inst. lumi.: 3x10%? cm=2s™’
# 20101 L HE: ~3x 10 om~=s?

- Bunch spacing: 396 ns
- 2011 LHC: 50 ns

e Ceased operations Sep 30, 2011
e ~12 fb-! delivered to CDF and D@ 12000 - -

10000 — -

8000

e Analysis presented utilizes 2.2 fb-!

«  Delivered
«  Acquired

2000

4000

1‘500 2000 3000

store number
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CDF(ll) (2001-2011)

Muon drift chambers
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W and Z at Tevatron

=
<
=
i
=l
t}
~—
-« T
E~1

o(pp—W: —lv) ~ 2700 pb o(pp—2Z° —I*) ~ 250 pb

" Probe QCD and EW interactions
2 Hard and soft gluon emission
Q9 Sensitive to parton distribution

" Leptonic decay used for precision measurements
o Extract Electro-weak (EW) parameters: sin’®, and m,

" In 1fb!/experiment: W—- Iv 10°f events, Z— ee 10° events
a9 High statistics samples and low background
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Detecting W and Z

w Z- |t

9 Signature: pair of charged leptons
with opposite sign charge
= Leptons are high p, and isolated

0 Peak in I'linvariant mass

= W- [y
2 Signature: single charged lepton and
missing transverse energy (MET)
= Leptons are high p, and isolated
= MET from neutrino
a pvis inferred

0 Peak in transverse invariant mass
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W mass measurement strategy

= At hadrons colliders, rely on transverse variables: m, p.', MET
(inferred neutrino p,)

o Requires precise measure of charged lepton p. and
hadronic recoil

a9 Requires detailed knowledge of the detectors

'm.% =2pt(O)pr(v)(1 — cos Adp,) pr(v) = —pr(l) — ur - precise charged lepton
- measurement
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Precision

Start with clean, low-background events
* i.e., no taus, no hadronic decays

Lepton pr carries most information

» Precision achieved: 0.01%

Electron Ew

Hadronic recoil affects inference of neutrino energy
- Calibrate to ~0.5%
« Reduce impact by requiring pr(W) << Mw
Need:
+ Accurate theoretical model
+ Including boson pr model and QED radiation
+ Tunable fast simulation

« Parameterized detector description for study of
systematic effects

- Large data samples of well-measured states

b
#

L

| 5. Neutrino
PN T T
Ul'h.jh"}'il'g event

Hadronic recoil

¢ \arious dimuon resonances
® / boson
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Experimental observables

e No P(W)
o ® P(W) included
el Detector Effects added

dN/dp(¢)

p.(e) most affected by p_(W)

£ s myp = \/Qp%p%(l — Ccos Ao)
= g ZEI0
Z 2% m, most affected by
=g . measurement of MET
<L

55 60 65 70 75 80 8 90 095
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Template fitting

" Custom fast Monte Carlo makes smooth high-statistics
templates. Perform binned maximum likelihood fits to the data

9 And provides analysis control over key ingredient of the simulation

> N -
©50000 |- STy,
] J.I'. |
E‘lﬂmﬂ o g Ll
> = Jr"J,:': -|
o P i M, =81 GeV
il W 'li;/ Monte Carlo template
20000 | _4'4'.:. 1
ol g}
oo M, = 80 GeV
%' e
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Lepton energy/momentum scale

—Data
—FAST MC
y2/dof = 153/160

00 a) Do, 1 b

400F

-
=]
=
=]
I

W—ev
SE =1+ 0.00025

stat

events f 0.01

300 Cldof=17 116

Events/0.25 GeV

200f

2000—

100 s

_ZW

=Data
L] ion
1

u | L 1 ] L |
1 1.5

fafoasi -
70 75 80 85 90 95 100 105 110
= DO m.Ge = CDF
0 Calibrate calorimeter using 0 Calibrate lepton momentum
precisely M, from LEP scale using Y, J/¥, m,
0 Detailed corrections for 0 Calibrate calorimeter against
uninstrumented regions precision tracker (E/p), M,

Dominant systematic uncertainty (Do: 34 MeV, CDF: 17/30 MeV e/n)
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Recoil model

boson py \ / "Hard Recoil": quarks or
« —) gluons (recoiling against the
oson) that were produced in
\ the hard-scattering
€

Underlying event: energy
content from additiona e

interactions between .
iﬁecm‘ror‘ a%d sea guarks in

e same ppbar collision
\ “"Soft Recoil”

\ Ene_r*gy content from minbias and zerobias
/ addifi

onal ppbar collisions gyents

Final adjustment of free parameters in the
recoil model is done in situ using Z—ee events
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Recoil model

" Recoil due to:
0 QCD radiation “recoil” against W

9 Underlying event Prle)
R Neuelno 9 Overlapping min bias -
e /WY
priv)
|ECandFlenoiIF't_0 |

2indd = 45.045

= Use Z- ee ( DO and CDF) +

Z- uu (CDF) balancing to . DG 1 b
calibrate recoil energy scale

and to model resolution

Systematic uncertainty on M,y :

Do: 6 MeVmy, 12MeVp;

CDF: 9 MeV mpy,, 17 MeV p; S A S HGeV
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Events generation and boson pT

> 1800
<
» 1600
c
2 1400
@
1200
1000
800
600
400
200

% 5

Generator level simulation from RESBQOS!

+ QCD effects, tunable parameters for non-

perturbative regime (low-pr)

QED radiation simulated by PHOTOS?

* FSR multiphoton simulation
Fit parameters in boson pr shape
+ Low pr sensitive to g»

+ Intermediate-high pr sensitive to as
Tuning with Z data applied to Ws

CDF II f L dt=2.2 fb"
MC data
w=8.921 GeV u = 8.856 = 0.052 GeV
o= 6.693 GeV o =6.698 + 0.037 GeV

® Data
= Simulation

w2/ DoF=18.7/29

30

m T as A

=r

q

'C Balazs and C-P Yuan, PRD 55, 5558 (1997)
’P. Golonka and Z. Was, Eur. J. Phys. C 45, 97 (2006)

JAMyw =5 MeV
CDF I ff_ dt=2.2 !
= L
S - MC data
= 6000[—
2 = u = 8.907 GeV u = 8.891+ 0.027 GeV
2 5000 = o =6.676 GeV o=6.699 = 0.018 GeV
- ® Data
4000 = Simulation
C 42/ DoF =31.9/29
3000
2000
1000
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
% 30

L e S N (a1}
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Mass fit

COF Il dez:sz.sz" CDF Il fi_ dt=22 fb
s T 3 [ :
E 100001 E B ® Data
N M,, = (80393 = 21_,,) MeV S 13000/~ — Simulation
P i P -
“E - c L
] v2/dof =60/ 62 > i
2 - ®
10000|—
® Data i
5000 = Simulation L
[ 4 M, =(80379 =16 ) MeV
5000—
y2/dof =58 / 48
% 20 50 - %0 70 80 ) 100
E,(e) (GeV) m(uv) (GeV)
pt": electrons mT: muons
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W mass results (all fits)

CDF I r Ldt=221"
Muons: p; —@— 80406 = 30
Fit Fit result (MeV) x%/dof
W—-ev(mr) 80408+19statx18syst 52/48 Muons: p! @ 80348 + 25
|
W—-ev (pr) 80393£21stat£19syst 60/62 Muons: m- - 80379 1 23
W—-ev (pr") 80431+£25stat+22syst 71/62
W-pv (mr)  80379+16staiz16syst  58/48 Electrons: p; & 80431+ 33
W—’pb" (pTI) 8034811 83’[ati1 85yst 54/62 Electrons: pl —— 80393 + 28
( 80406+22stat+20syst 79/62
Electrons: m, @ 80408 + 26
II|IIII|IIII|IIII|IIII|IIII|III

80100 80200 80300 80400 80500 80600
W boson mass {MeWcz}
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Combined results

+ All electron fits combined 2U2n ;:be_:t(ah:lnt\g;)
Mu = 80406 = 25 MeV, x/dof = 1.4/2 (49%) [ ==
W= - eV, x°/dof = 1.4/2 (43%) Lepton energy scale 7
Lepton energy resolution 2
Recoll energy scale 4
. All muon fits combined Recoll energy resolution 4
Lepton removal 2
Mw = 80374 = 22 MeV, x*/dof = 4/2 (12%) Backgrounds 3
pt (W) model 5
PDFs 10
+ Allfits combined S :
otal systematics 15
Mw = 80387 = 19 MeV, x*/dof = 6.6/5 (25%) \W statistics 12
Total 19

MW = 80387i1 2stati1 53ys’[ MeV/C2
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Combined uncertainties

Uncertainty Uncertainty
2.2 fb-1 (MeV) 0.2 fb-! (MeV)

Source

o Lepton energy scale
Statistics limited by L uti 5 4
control data epton energy resolution
Recoil energy scale 4 8
Recoll energy resolution 4 10
Lepton removal 2 6
Backgrounds 3
model 5

Theory based
(external inputs)

PDFs
QED radiation 4 10

Total systematics 15 34
W statistics 12 34
Total 19 48

Mw = 80387 +12stat+1 Dsyst MeV/c?
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and world combinations

Tevatron
9
DO | 80483 = 84
2
CDF | 80433 = 79
—e—
DO I 80375 = 23
0
CDF Il 80387 = 19
=
Tevatron (preliminary) 80387 = 16
III|IIII|IIII|IIII|IIII|III

Do |
CDF |
DELPHI
L3
OPAL
ALEPH
DO I
CDF 1

World Average (preliminary)

"
80483 + 84
@
80433 + 79
80336 + 67
80270 = 55
——
80416 = 53
e
80440 = 51
—e—
80375 = 23
——
80387 = 19
-8~
80385|i 15

|
80000 80100 80200

80300

80400

W boson mass (MeV/c?)

nb: 2009 world average
Mw = 80399+23 MeV

80500

| |
80600 80000

80100

80200
W boson mass (MeV/c?)

80300 80400

80500

|
80600

New CDF measurement
significantly exceeds
precision of all previous
measurements of Mw
combined!
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Sidetrack down memory lane

80.6

80.4

80.2

68% cl

2004 indirect m, and m_,

1995 indirect m, and m_,
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Standard Model fit

2011
80.5 L L UL L L DL DL L
: O LEPEWWG (2011) 68% CL (excluding M My & direct Higgs exclusion) _
- @ 66% CL (by area) m, (2009), m__ 1
80.45 — —
With My = 80399+23 MeV - i
S mal :
My = 92+34 56 GeV a TE _
Mu < 161 GeV @95% CL E; -
80.35 - y
LEPEWWG/ZFitter - .
80.3 -
C | [ R R R | | | '1_95

170 175 180 185 190
my,, (GeV)

160 165

—
o
o
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Standard Model fit

March 2012

BO_SIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

: O LEPEWWG (2011) 68% CL (excluding m.m_ & direct Higgs exclusion)
— () 68% CL (by area) -
— @ 68% CL (by area) m,, (2012), m e

80.45

With My = 80385+15 MeV
>
My = 94+29,, GeV o}
My < 152 GeV @95% CL Eg
LEPEWWG/ZFitter

80.4

Sy

80.35

80.3

My (meas) = 80385 &= 15 MeV

—
oL
o

160 165 170 175 180 185 190
My, (GeV)

almost x1000 better than SpS

—L
o
m_II|IIII|IIII|IIII|

My, (SM) = 80362 + 10 MeV (mpyg = 125 + 1 GeV)
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Testing Standard Model

After 4% July Day...
If we use the measured mass ofthe g ®S———T———T T T 7T 7]
i f 3 = |l 68% and 95% CL fit contours IT#"Tewlmlgx'wage +
Higgs-like boson (125.710.5GeV)to = [ ~ woM,andm moasuroments  |; 7 &
. 80.45 — 6% and 95% CL fit contours ~—
constrain the W boson mass based L woll, m ond, measurements ||| - E
on SM, we get: 804 | M, world average * fo o A

m,, = 80.360 = 0.011 GeV

/ g } ‘.""

80.35 :— ]
Comparing with the current world ana =
average directly measured value: - ; :
m,, = 80.385 = 0,015 GeV w5 B 8 =
14';; | I1-50l - I1;DI I200
This is a way to precisely test the SM, m, [GeV]
and the observed Higgs-like boson. Gfitter, arXiv:1209.2716

But we need to improve the precision on the W mass measurement.
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Uncertainty projection

300 _|_ T T T I I I T T | I I T T T J_'_

— W Runia(e Tevatron Single Experiment Sensitivity
250— % CDF 7

= - EDO =
<H] = _|
= 200— _
E L v Runia (e+w _|
] — ]
g 150— ]
o — _
w | |
m — —
g 100— Runi (e) —
= u Hy ]
— Runi (e+ Run2 (e+w) ]

50— Run2 (e) |

— Run2 (e+w) Run2 (e)_]

— _Theoretical syst. uncert. 11 Mev) == " — _

0 —l | | | | | 11 1 | | | | 1 11 | | | | | 11 1 ]_

10 10° 10° 10°

Integrated Luminosity (/pb)

» Projection assumes PDF+QED errors (11 MeV) fixed
- Become limiting uncertainty for measurements with full Tevatron dataset
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Systematics

10 MeV full stat
CDF and D@ in progress toward full stat : 10 fb-1/

i 5 MeV
Uncertainty ‘ ,QQ/ CDF 2
Lepton energy scale/resn/modelling w 7 Eull stat
Hadronic recoil energy scale and resolution 5 /H/
Backgrounds 3
Parton distributions @/ 10
QED radiation 4
pr(W) model 2 5
Total systematic uncertainty 22 15
W-boson statistics 13 12
Total uncertainty 26 MeV | 19 MeV

CDF 2.3fb? m,,=80387+19 MeV e/u:my p;, p;° combined
D@ 4.3fb! m,=80367 £t26 MeV e :m;p; combined
D@ 5.3fb! m,,=80375 £23 MeV combined with 1 fb!
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World combination

Mass of the W Boson A lot of progress at Tevatron !!

Measurement 5 M, [MeV]
CDF-0/1 — 80432+ 79 806,
D1 80478 + 83 i
DZHI 119%) —— 80402 + 43 o oo

! = 80.5- ALEPH
CDF-ll a2s) -~ 80387 + 19 2 '

' ot o
DI e —o- 80369 + 26 N . F

| 8041 ’
Tevatron Run-0/I/lI -8 80387 £ 16 "FT
LEP-2 —o— 80376 + 33 a
World Average . 80385 + 15 803

| 8025000 2005 2010 2015

T T ane Year Marc Lancaster
80200 80400 80600
My
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Conclusions on m, measurement

« CDF has performed the most precise measurement of the W/ boson mass
« Mw = 8038719 MeV [Phys. Rev. Lett. 105, 1587103]
- More precise than all previous measurements combined
- Improves world average uncertainty from 23 MeV to 16 MeV

« New combinations (including D@ [Phys. Rev. Lett. 105, 158104))
® Tevatron: My = 80387+16 MeV (TeVEWWG, preliminary)
» World: Mw = 80385+15 MeV (TeVEWWG, preliminary)

+ Results in SM fits of My < 152 GeV @ 95% CL
- Previously My < 161 GeV @ 95% CL
« Mw still is the limiting factor in My prediction

- Full Tevatron dataset (~10 fb-") on hand
« AMw < 15 MeV per experiment achievable
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Is this precision good enough?

W mass is a key parameter in the Standard Model (SM). The model does not predict
the value of the W mass but its relation with other experimental values

TQ 1
m =
W \' V2GF sin by /1 - Ar

radiative corrections (Ar) depend on m, ¥ m2 and on m ~ log(m,). They include
diagrams like these:

H Precise measurement of the m, and m,

MQAW constrains SM Higgs mass

w W

For equal contribution on the Higgs mass uncertainty need: Amw ~ 0.006 Am:
m¢ = 173.2 = 0.9 GeV (world average) = Amw ~ 5 MeV
actual world accuracy is: Amw = 15 MeV —the limiting factor here is m, and not m,

Additional contributions to Ar arise in various extension g
of the SM e.g in SUSY W it

E. Richter-Was 8 November 2011




W width

Internal consistency check of SM

@_’* Measured Mw (has loops)

Widths of the W, Z Bosons
672 ( \

Teiﬁ;EI'EP LIEF’
Additional sensitivity to new physics
beyond Mw is tiny unless
measure to O (1 MeV)
L 1 | ! ! 1 1 | |
. . . 2000 2500
Z width uncertainty is x20 better.

\ [z [MeV] }
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W width

W-Boson Width [GeV]

TEVATRON ° 2.046 = 0.049

LEP2 = 2.195 = 0.083

Average 2.085 = 0.042
+2/DoF: 2.4 /1

pp indirect 2.141 = 0.057

LEP1/SLD 2.091 = 0.003

LEP1/SLD/m, 2.091 = 0.002
' ‘ é ' 2:2 ‘ | ' 2:4

Pw [GGV] July 2011
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W width

Relatively to m it is a straightforward
measurement (i.e. 2 years instead of 5 years)
It is a counting experiment and LHC has a lot of

statistics
% o
U-‘D! - el ., o rw=2.6 GBV
2 E - . . T,=2.1GeV
= © r,=1.6 GeVv
&
107 Resolution
effects
10° =
. Width
107 = effect
MW G | e el a e e b e T o pglag e s

160 180 200
M, (GeV)

60 80 100 120 140
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DY forward-backward asymmetry

q o
+ Direct access to vector and axial couplings
vz g£ = Ié - 2qf sin’ Oy both 1°-f and Z-f couplings
g£ _ lg Z-f only coupling
q o+

do 3 OF—0p
~=(1+ cos?0™) + App cosO* - A .=
dcos6* 3( T )+ Afp FB' 6p+op

+ cos8” > (<) 0 — forward (backward) events & 1

. 6" is the angle of the negative lepton relative the quark / .
momentum in the dilepton centre-of-mass frame / L _
. . . z
+ Minimize the effect of unknown p; of incoming quark / /\/
P, R

by measuring 6% in the Collins-Soper frame

E. Richter-Was 14 November 2012 38




Coulings

. 1
W tev,(1 -
'Tu( 75) Zﬂsin b

I;{ - 2Qf z-‘:ill2 Bw
‘[JI =

I
{If = :
. 2 S111 Ew COS ﬂw
{ ——< = ~1eQs,
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DY forward-backward asymmetry

- Asymmetries at the £ pole dominated by lepton
couplings > sensitivity to sin< Bfﬂ-f
- Deviations from SM may indicate presence

of new particles (£’ at high masses)

A'FB

s
&
o

|

0.6

0.4

0.2

i bosons, LED)

10° M. (GeV)
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DY forward-backward asymmetry
aqa—/—<*e PRD 84, 012007 (2011)

|) AFB unfolded agrees with theoretical predictions +— Average 023162000016
2) From AFB background subtracted and Mee in [70,130] GeV A 3 029099 - 0.00053
AR ) ' 0.23158 + 0.00041
using simulated templates A templates it is found A, (5L0) - 023098 0.00026
sin?0!=0.2309+0.0008(stat.) + 0.006(syst.) " S
Ay —— 0:23220 = 0.00081
3) Fix sin to SM world average (0.23153) o e 025100012
i u{d) Ay (D@), 5.0 1" —e— 0:2309 + 0.0010
— Most precise measurements of ga gv | TN I )
f sin® 6,
=1 :
“l posom’ ‘ — 3
g
¥ ﬁ :!} L] f \ |l'I __'_;-:'. {b}
I . o ."I _ﬁpml.u-m
06 [ e,
L 4 0.2 i '. DAy, B0’ b
— PYTHIA a4k : 1[ [l X - .
--- ZGRAD2 f N iy ".\ e
Statistical uncertainty e = " / ""-.. .---"'
Total uncertainty [ memar - 06 .
e : B8% C.L, 8% C.L
b e : - S P W ; 088 g B4 b o
50 70 100 )] 500 1000 g %
M,, (GeV)
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Effective weak mixing angle

Phys.Rev.D84, 012007 (2011)

In the vicinity of the Z
F‘Oler Agp 1S sensitive to

<« Average 0.23153+ 0.00016

the effective weak

Al —— 0.23099 + 0.00053 Il'li}(jl'lg angle
A(P) . = 0.23159 + 0.00041
A, (SLD) o 0.23098 + 0.00026
AP 0.23221+ 0.00029

Lb - Phys.Rev.D84 (2011) 112002
Ay ° e 0.23220 + 0.00081
o™d —eo—— 0.2324+0.0012 .

* First measurement at
A, (D@), 5.0 f5' ——e—— 0.2309 + 0.0010

. o 1 . . 1 LHC b}f @Y%)

CMS 6228 0.23 0232 0234 0236 0.238 0.229 + /.0.020 + /.0_025
. 2 £ - -
sin® Oy 1 fb-1 of data
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@ g
DY forward-backward asymmetry g
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Collins-Soper frame

* Collins-Soper frame : the center of mass frame of dilepton

qq — Z/vx — AN

q » 4 q /
e‘l‘n/ .............................................

lepoon plane (cm)

in lepton plane

FIG. 1: The Collins-Soper frame.
* Differential cross section of cos0 and ¢

do

dPZdyd cos 047 x (1+ cos“9) LO term

cos20 :

1
—Ag(1 — 3cos?6
t 2 of cos™0) higher order term

1
+ A{sin2fcos¢ + EAQ sin 0 cos 2¢ + Ag sinf cos ¢ = (6, ¢) terms
+ Aycosf e LO term : determine Ap
+  Assin®0sin2¢ + Agsin20sing + Arsin6sing —> gy small terms

“**All higher order terms are zero at Pt=0
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Z/g* Angular Coefficients

+ First measurement of the pp — Z/y" + X— e*e” + X angular distributions with 2.1 fb"!

- Angular distributions of the lepton decay in the Collins-Soper frame are:

do 1
dcosg X1 cos*) +540(1 - 3c0s26) + A4 cos @ PRL 106,24180]
do 3T 1
d_:;aoc 1+1—6A3c05g0+1f12c052q)

- Perturbative QCD makes definite predictionson A, ; ,
depending on the dilepton p+

- At order o, the Z/y* boson can be produced via annihilation
or Compton scattering

- Probe the contribution of different productions

mechanisms contributions
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A4 VS AFB

¢ A4 has a direct relation with Ag

8
<025 : Ay = gAfb(MEEaPTa Y)
q C Iﬂ?ﬁw =0.232 —=— VBP Resummation
C ---+--- ResBos Resummation i 0.6" o
02— —+— default PYTHIA o ~
B —+— FEWZINNLO) C 66‘:M§I:Lb"=$
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015 . 2: ==
Er-'*"" ..____‘.L—-‘—-—""*‘_‘*“_'-H_ ’ : __*
0.1- 0 —pt<5
- 0.2F - i pf'@u
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- L — 40<pt
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%1020 30 40 50 60 70 80 90 06=80 80 700 120 140 160 180 200
Di-electron P; (GeV/c) M.,

o A4is sensitive to weak mixing angle, sin?6w
* Ag has the mass, Pr, and y dependence
* Prand y dependence is much smaller than the mass dependence
* Ap in mass gives more sensitivity to extract the physics quantities
* Physics quantities : sinBw, quark couplings
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Z/y* Angular Coefficients (A

0,2)

- At order a,, both A; and A, should be the same for Z and y", but they have distinct Z p; dependencies for
annihilation or Compton scattering

- The Ay, trends as a function of Z p; reveals the two Z production processes contributions, e.g. in Z +1 Jet
PYTHIA simulation a significant Compton scattering contribution is expected (—-30%)

Lam-Tung relation predicts A,=A, at LO and nearly the same at all orders

Lam-Tung relation is valid for spin-1 gluons, but it is broken for scalar gluons

First measurement of the Lam-Tung relation at large dilepton mass and high transverse dilepton p;

Fundamental test of the vector nature of gluons
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Z/y* Angular Coefficients (A, )
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The Standard Model at LHC

" SM measurements are the foundations of all
searches (summer 2012)
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The Standard Model at LHC

" SM measurements are the foundations of all
searches (summer 2012)
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Next topics

» 21.11 - Top: xsection, mass

» 28.11 - Dibosons and anomalous couplings
» 5.12,12.12 - Higgs

» 19.12 - SUSY

» 9.1 - other searches for New Physics

» 16.1 - B-physics programme

» 23.1 - heavy ion programme
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