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Latest news!!!

The 50ns bunch spacing
achieved but large
electron background
preventing going higher
than 36 bunches per
train.

- Heavy lon Collision Event

First heavy ion
collisions during night
6/7 November

E. =35TeVxZ
= 287 TeV,
sqrt(s,,) ~ 2.76 TeV S e
2 Peak luminosity: 1.3 102 S e s R IMENT

9 Goal is up to 128 bunches
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‘Luminosity measurement at ATLAS
.\ _ ) ScmlamdiSKS ' = | forward LAr calor_i?qeter

track/vertex counting

\\_ ' ."':__: | zero degree calorimeter

i\ﬁ/’; Py

1

- gas Cherenkov tubes
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‘Luminosity measurement at ATLAS

Interaction
region
Bunch 1 . Bunch 2
g . y
o i 2 ]
N . N
1 — Effective area A — 2

@ LHC provided three van der Meer
scans

@ beams separated by known
distances & interaction rate
measured

e measured transverse beam profile
gives normalization from
geometry

@ Luminosity normalization now
known to 11%
@ lLargest uncertainty from LHC
beam current measurement (5%
per beam)

T v I | — T
ATLAS preliminary
vam T Tel

Specific Counts/s
a
T

R(X) w L
! {
LUCID | :
I I-ﬂlil LI‘-IJI.I.I ' Ié. = IU!‘II Illule e
Hominal Beam Separation X{mm)
npfrl1lz
L=_—2r12
272 2,
— np: number of bunches
— f,: revolution frequency
— I(1,2): particles per bunch in beams 1, 2
— Z(x,y]: effective convolved width in x, ¥

- f R(X) dX/(v/ 27 Rpeak)



\Hadron colliders

Hera, Desy Tevatron, Fermilab LHC., Cern

-

» 3192 GeV proton — = 1.96TeV p-antip = < 14 eV p-p collisions

electron collider collider
“ Run 1992-2007 “ Runll started in = Run phase | at
= Accumulated: 2002 sqrt(s)=. 7 TeV
0 ~200pb-linep " Delivered started in 2010
9 ~ 300pb-1ine*p ~9fb/exp. “ Delivered
~50pb-t/exp.

RHIC is also joining with polarised pp program
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Luminosity (pb™)

\The Tevatron =

sool B
N S N

= 1.96 TeV p-anti p collider o S T RNy /.
“ Runll since 2002, 00 nered / B S
expect to end in 2011 P me'm TN

store number

® Further running
2012-2014 is being considered

" Had delivered ~ 9fb! per
experiment since 2002, and is
running smoothly:

" Expect ~ 12fb*! by end 2011
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\The Tevatron experlments

= Similar detectors in both experiments
2 |Inner trackers
* CDF highlight: large volume, high precision
2 Calorimeters

9 Quter muon detectors
* DO highlight: high acceptance & low background
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W and Z at Tevatron

I q p [, q
ALY,
q«é(%{
_l_
ﬁOé s

Vg’

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

Probe QCD and EW interactions
2 Hard and soft gluon emission
Q2 Sensitive to parton distribution

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

In 1fbl/experiment: W—- Iv 10° events, Z- ee 10° events
A9 High statistics samples and low background
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Detecting W and Z

Z- 1
A Signature: pair of charged leptons
with opposite sign charge
Leptons are high p, and isolated

/////% Z—utu

b !
'\..
\\. Tuon Rz
AY
AN

0 Peak in ItlI"invariant mass

W- [£v*

a9 Signature: single charged lepton and
missing transverse energy (MET)

Leptons are high p. and isolated

WE—ety

MET from neutrino
0 p,vis inferred

.. Neutrino

Uihew g eveid

0 Peak in transverse invariant mass
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W mass:

SM consistency check

Derive W boson mass from precisely
measured electroweak quantities

Measuring the W boson mass and to
quark mass precisely allows for
predictions of the mass of the Higgs
boson

Ar - large radiative corrections
2 Dominated by tb and Higgs loops
Q9 Sensitive to new physics

known to OI.015%

v
M%V _ ra(M%) 1 B 1A
V2Gp 1-M§g, /M7 1=24

/

known to 0.0009% M; known to 0.002%
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1 —LEP2 and Tevatron (prel.)
80.54 -~ LEP1 and SLD

68% CL

200

m, [GeV]

m,,,=(173.3 + 1.1) GeV (0.6%)
My, =(80.399+0.023) GeV (0.028%)
Amyy, ~ 0.006 x 8m,,,, ~ 7 MeV for equal

weights in Higgs limits
¢ H
W & W w W
WL v VOR
b
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W mass measurement strateqgy

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_% = 2p1(£)pr(1)(1 — cos Ade,) pr(v) = —pr(f) — tr . precise charged lepton

measurement

q LY // .
&5 \
>—\/xmm—< - "-"."-'-“~~.\__;'~_.'f~f;1rium
/ - \\\x Undeclpingeven e
q v
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\Experimental observables

= s = No P/(W)
£ @ b (W) included
S 5 ral Detector Effects added
= &
N .~ .1..,..,;[.:&,,4., p.(e) most affected by p_(W)
p(e) (GeV)
E[_g myp = \/QPITP%(]. — Ccos Ao)
; = m, most affected by
v ";‘5’ measurement of MET

55 60 65 70 75 80 8 90 095
m, (GeV)
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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

. -
950000 | ™y
e | ]
E
940000 I
° | fswa =81 GeV
30000 - Monte Carlo template
20000 !". i -

B II. /|
10000 _—;ji MW = 80 GeV k l

f i

u- l vyl e |

| B | S O ) T T 1 ]
50 55 60 65 70 75 80 85 a0 a5 100
Transverse Mass (GeV)
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Lepton energy/momentum scale

- 500: -1 —Dat S .
2 E(an) DO, 1 fb TR e g 4o i Woev
400 y2/dof = 153/160 g2 T ! S;=1+0.00025,,,,
- @ t
S - 8 L J’ L
;g 300 L idof =17 /16
£ - i
@ 200f 000
5 _ H |
100
B *
= (b) Y T | ] ‘m“\,,,‘_
l'. T* 1l Il. L fomit i1 I.I.Tl . M‘v‘“"“““ﬁmnnﬂ_ﬂls' lation__|
_g +#‘§W‘.ﬂ'T LA S8 LR 'I'*ﬂ\ 0t — ' ' s ' '
: ¢ | + E/p (W-»ev)
70 75 80 85 90 95 100 105 110
DO e, (GEV) 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/u)
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Recoil model

boson p+ \ / "Hard Recoil”: quarks or

luons (recoiling against the

— g
\\ goson) that were produced in

the hard-scattering

e

Underlying event: energy
content from additiona e
intferactions between

sRecTa'l'or' and sea guarks in
the same ppbar collision

\ “"Soft Recoil”

\. Ene[‘?y 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)
S 0 Overlapping min bias
= _-;_____iiulllllu IJJ_
TfT o
priv)
Use Z- ee ( DO and CDF) +
Z—- uu (CDF) balancing to o ris e DO 1107
calibrate recoil energy scale
and to model resolution
Systematic uncertainty on M,y :
Do: 6 MeV myy,, 12 MeV py
CDF: 9 MeV myy, 17 MeV p. = 23'(';{;‘}
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Z[y* transverse momenta

= NLO pQCD + corr.
— - PYTHIA Perugia 6

65 < M,,< 115 GeV

stringent test on -
QCD 10°

LOW pT Spectrum ol ® DO, L=097f'  =:=RESBOS

Sensitive to parton g0 DO
Talt o = 10%¢

initial state g

radiation => L -

| 'IIIIIII| IIIIIIII| IIIILLIJJ IIIIILlIJ IIIIIIII| IIII|LIL|_

muon Inl < 1.7, muon pT = 15 GeV
. L 1 1 . h L1 4 L

)
(- = NLO pQCD - -1 O pQCD
- \ 3 —— Scale & PDF unc. — — Scale & PDF unc.
sensitive to multiple . o PYTHIA scale unc.
soft gluon emission pasye,
: )
=> requires gerge
. Ls)
resummation LD-D-U_

techniques/models
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\Mass fit

> 20000 — S
3 :DU Preliminary, 1 fb e DATA
g 15000 — PT(e) = FAST MC
5 B B wW->tv
@ 10000 — Z->ee
i = Fit Region Qch
50001 7 dof = 39/31
35 30 35 40 45 50 55 p:_, Geﬁ?
M, = 80.400  0.027 (stat) GeV
> 20000 — 4
3 - DO Preliminary, 1 fb v DATA
2 15000| PT('V) — FAST MC
B - B wW->ty
o 10000 — Z->ee
& — Fit Region QCD
5000 r2dof = 32/31
%5 30 35 a0 45 50 755 80
MET, GeV
M,, = 80.402 * 0.023 (stat) GeV
Elzbieta Richter-Was Lectures on LHC physics 18



‘W mMass results (presented at PIC2010)

« DO combination of 3 results

10000

20000

= T —Data = % —Dat >20000 % —Dafa
3 :(H.'I DO, 1 b Egn_r MG 3 E(h) D0, 1 fb ENE‘T Mo 3 (c) DO, 1 Tk ERST M
P mBackground s n | a'c’lcgmund . mBackground
g 7500 Fifdot = 48a g 15000 ,.-if FEidet = 30731 g 15000 ot = 3231
e _f EF £
& 5000:— 310@0“; & 10000
2500; s000ff 5000
R = L - P T,
ELH DI AN TRIIR I VIS TR, LT, T A S TR
2 P f"f'l'lr'ﬂ]u‘rfﬂf ‘H fTh lThT Ll '1 IF 2 jll' LU 'ﬂl.”r'l\ltHlf' T '1.I' q I1.r
50 60 7 80 a0 100 25 30 35 40 45 51] 55 (5] 25805540 AR B0 ES RD
my (GeV) % (GeV) E; (GeW)

Do (1fb™?) mw=80401i21(stat)i38(syst) MeV |

» CDF combination of 6 results

> = F
& W v h;H-|-:|1_L_I fﬁ [ W—ev rJJJlP
o R 2 1w ['-I
S #;-flﬂ (i = i w
2 ool +"i" L'ﬁ 'E qﬂ HL
s r s ! Gl 5
L 1|_u C ke
L -.|T|L [ o
EW—JJTJ My = G049 4 54) MeV T, wl gy = (80493 + 48 mev "11‘
Lot = 59 / 48 ;JJ hdof = B6 1 48 1"1
i * i "
+ 1 1 1 L -Jr- M T R 1': m
%D O ) ag 161 %ﬂ M 1] [71] 100
iy (Giely g 1GeY)

CDF (200 pb) m,,=80413+34(stat)+34(syst) MeV
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‘W mass systematic uncertainties

D0 m,, Systematic Uncertainties (1 fb!

'y

Systematic Source

Limited by the size of the

1 - Electron energy scale
Z sample. Will improve ey
with more data Electron energy resolution model
Electron energy nonlinearity

Tevatron measurements
improving the precision of W and Z electron energy loss differences
parton distributions

functions (ex. W charge Recoil model
asvmmetry Electron efficiencies
Backgrounds
PDF
Tevatron goal Am,, < 25 MeV QED
per experiment .
Total

37

Elzbieta Richter-Was Lectures on LHC physics
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‘W mass combination
(presented at PIC2010)

CDF Run 01
DO Run |

CDF Run 1l
Tevatron 2007
DO Run Il

Tevatron 2009

World average

Tevatron m,,=80420+31 MeV ‘

80.436 = 0.081
80.478 = 0.083
80.413 = 0.048
80.432 = 0.039
80402 = 0.043

80.420 = 0.031

= Update previous CDF result
to modern PDFs

= Correct to same I'y,
- PDF, QED, I'yy uncertainties
correlated

= More precise than LEP 11
combination!

80.399 = 0.023

1 1 | July 0%

80 80.2 80.4 80.6 World average (Summer 2009):
m,, (GeV) my=80399 + 23 MeV
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W mass from Tevatron

zunJ T T T T T LILILI T T T T | T T T T T T L

" m DO Run1a (e) Single Experiment Sensitivity .

250 —

: ]
= 200— —
5 n CDF Run1la (e+m) .
o | —]
g 150— —
o | —
w — |
& 100 — D0 Run1 (e) ]
; - CDF Run1 (e+m) ]
sol_ CDF/DO TDR (e+m) -

- 30MeVsystlimit 0000 oo .

ol 20MeVsystiimit

10 10° 10° 10°
Integrated Luminosity {/pb)

Beyond few fb! overall uncertainty does not improve
significantly without better understanding of systematics, but
energy scale systematics still statistically limited.

Goal: dm, < 25 GeV per experiment by the end of Run Il
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W-width I

8" P e
= Don't expect new physics here %: O N
= The high m_ tail contains
information on T, o
2 Exploit slower falloff of Breit- H* TRRITES + =
Wigner compared to Gaussian ° t#ﬁm* H#T *H*H*Hh**#ﬂ* ! +++{++++++it+ ##ﬁHﬂﬁ i
resolution 0 00 el
Measurement I, [MeWV]
cor . B I
D& | - 2042+ 172
; — il 2033+ 72 : .
. o World average (Winter 2010):
X7 dof = 1414 [y = 2085 = 42 (stat + syst) MeV
fevanen e . - 16 s o / Theory: I, = 2089 + 2 MeV
@ (Roaner, Phys. Rev. D49, 1363 (1994) Renton: arXiv :0804.4779(2008),
i *(Preliminary} Denner: Fortsch. Phys. 41, 307 (1993))
1600 2000 2400
- FW [MEV] February 2010
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W charge asymmetry

At the Tevatron mainly produced o -
by the valence quarks
On average, u quark carries N
higher momentum than d quarks " |+ ereews
2 W+ boosted in proton direction e L B R
. . generated rapidity [yy, or 1]
2 W- boosted in antl—proton —anti-proton direction proton direction—
direction
W asymmetry [A(y,,)]
W < = < < g ) < > < < ()
a9 Sensitive probe of the e ot =
difference between u and d e
quarks at @7 = m, A
p "1t W rest frame I_ at W rest frame
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Lepton charge asymmetry

Experimentally more accessible is lepton charge
asymmetry

Convolution of both the W charge asymmetry and V-A
decay structure

——— W produstion charga asymmatry

n.si— ,‘ ----- — !'BW" Gha"':"““mm? : -n. . A( ) _ dC}'+ ;"ffyw - dU_ /Id}’w
“E_ ................ ................. ................. ..,- ________ Yw)= dU+ fdyw ; d{J'_ fdyw
_u_q.;_ - -_. i ,,,,,,, .“ . ) ( ) ] dg(f"’)‘,"dn ~ dg(;-)j d,}.

generated rapidity[y,, & n,]

Elzbieta Richter-Was Lectures on LHC physics
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A(y,) measurement <

viy) " v
CDF measurement using W- ev in 1fb™!
a0 Use W mass constrain to infer p,’ (weights)

9 Applying weighting method i.e. calculate
2 solutions and weight them with matrix element

CDF Preliminary Run Il 1 ﬂ:u1

u'-a'_""l""l""l' "I"1"I"" DIB:IIIIIIDIDIF‘]IN:!IHI;I;I;J*III}II ||||||| ]
 CDF RunllPreIiminarij=1fh' - P R ]
aﬂ_a__.... FRESE R AR S SR USRS S E\ [},?— . NLO PradictionCTEQE. 1M} alm_ =30.4 { —
L [ —=— 1" data(stat. + syst) : P4 b POF CTEQE.AM =
g (}_4:— - NLQ prodiction(CTEQE. M) E— E D.ﬁ uncertaint : -
E [ [__] POF uncertainty(CTEGG.1M) | _al E - ﬁ ]
- 0.2 ; ; ; -‘,v‘ : = 0.5 & -
n - e - " '
{ || IR S S— / S [ d: 0.4F -
@ . ol . . v c : ]
L P — S S 2 03f r i
S C . m E A
& L. o £ | A
) 0.4 ; ! ! ] QO 0.2 -
Tl i i i F e
g D‘s'_,/i.. g o1 . i
=Sl - Fold F e
| [N AR | Lol . JN AR AN ENEN N AVAN RNANEN RATAN ANE AN NS AN N AT
08572 4 0 1 2z 3 % 05 1 15 2 25

W boson rapidity ' Iy |
« p direction p direction — w

Precision MUCH better than error band => Improve global fits
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A(n') measurement

DO measurement using W- pv in 4.3 fb'!

Observed deviation from theory (reported already in previous
measurements by CDF (0.17 fb!) in electron channel

Global fitters (MSTW, CTEQ) have problem incorporating
those data.

0 Tension with low-x data

= 03p 8" I = 04 8" ‘
3 F imi g B ..F 8"
€ 028k DO Frle-llmmary 5 L | ] . £ 0_35:_ D@ Preliminary B le—r—v—i !
E : 25 = p_ =35 GeV I E‘ 0.3F- p'T}SSGBV B £ E| |
2 o2 Py>25Gev % 'c, 4 F p'>25GeV 2
s . 0.251 —
0.15— i E s
0.1 0.15
0.0 0.1E
E —— A L=49 1" 0.05F — A (L-451
of —— AL(L=0.75" ok — AL (L=0.75
= CTEQE.6 cantral valua F g
- E — CTEQS. | val
005 0 =aaa. MBSTO4NLO central value - -+ e EﬂﬂsgrﬁfNiﬁgtaen\;;liJSalue
r CTEQB.8 uncertainty band e ot it ;
-0 il I RS (U W PR T [T O S T T T N O T A )lr ||||||| 1 o3 s | % ERRTE L L A T R GTEQE-E,UHCCI'TE;IHTEI band
‘902 04 06 08 1 12 14 16 18 0% 6204 06 08 1 12 14 16 18
Pseudorapidity Pseudorapidity
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W and lepton charge asymmetry

Preliminary re-analysis from CDF confirms those
results (presented at PIC2010)

» 03[
"k . 1 « A £ il E
a1 .., = I . Bt _
& b - .__'+ 0.2 = ET>35 GeV -‘“_..a-'_ a ;s._n-
E o >, E # ' } P
Q I ", # _i‘-_‘ : " g
E i }_.‘ 01 -i""‘ v
€ 02 25GeV<E; <35GeV b - :
= - ¥ ¥
3 . T 0 w t
8,04/ | :
E : COF Run I Preliminary 1 fb 'data {a) 0.1 - CODF Run Il Preliminary 1 to"" data (g)
5 0.6 {no systematic uncertainties) _ (no systematic uncertainties)
G DO 0.75 fb' data (e) 0.2 & DO 0.75 &' data ()
B il D@ Run Il Preliminary 5 b’ data (u) ) L OO Run Il Preliminary 5 fb' data (1)
08F T RESBOS with CTEQ6G.6 mwm==r=r- RESBOS with CTEQE.6
ol SN SN NN AN NN T TN NN SN T ST AN TN N TN NN N T T | naluu |||||| PP T [ TN WO | N VWO WO SR WO WO |
0 0.5 1 1.5 2 2.5 3 ~0 0.5 1 1.5 2 25 3
Lepton 1 Lepton

The data for leptonic asymmetries are agree among channels and experiments
but theory does not reproduce the leptonic asymmetries even though they do
agree with the W boson asymmetry
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Z cross-section and rapidity

« CDF measurement, Z->ee in 2.1 fb!

0=256.6+0.7(stat)+x2.0(syst) pb
- Electron coverage up to |n[<2.8 : 7(stat) (syst) p

+ 15.4 (lum) pb
» Select ~170k events Theory:

» Cross section measurements (|y| <2.9) o©=238.7+7*_,pb(CTEQ6.6M NLO)
0 =248.7+_,  pb (MSTW2008E NNLO)

» do/dy 14
o ngh ltapiditv [1;) pll.[]bes T . CTEQB.1M (3° = 29/27, CL:OAOS);
) T o CTEQ6.6M (y° = 35/27, CL=0.184)
high-x parton region 1.3¢ CTEQ6.6M PDFs Uncentainties |
CTEQSL/CTEQS6.1M
_ e 1.2f- |
X%, =(M/ Vs)e®. " CDF Run Il with j L=211fb"

= Z-boson rapidity

Data/Theory
T

reconstructed from leptonic

decay :
0.9

Shape well described by NLO QCD 0‘80' - 0I5 - ‘1| B 1|5 2 25
e*e” Pair Rapidity
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‘Z forward backward asymmetry

Ay determines the relative strengths of V-A boson-fermion couplings as

well as sin20y, o ¢
Agq=(NF — NB) / (NF + NB) o
g —e—— g
» Sensitive to new resonance (f.g Z') via interference with Z/y* S
cos 0 > forward
Forward-Backward Asymmetry, A, cos 0 < backward
«*.,_;5_._ ... GDFRunliPreliminary with 4.1fb"
0.4 5
0.2
o= e E New CDF measurement with 4.1 fb!
‘“‘2;_,; Unfolded {stat +syst )}
_0_4:__ UrlfDFBU {sta:L clnly:]
-0.6F- : -
08 :

200 300 “;l. s ea?cgj

sin20y; (1fb™*)= 0.2326+0.0018(stat.)+0.0006(syst.)
World = 0.23153 £0.00016
Future Tevatron precision (10 f{b*) ~ 0.0005

L
100
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RHIC: World's only polarised
proton collider

__Long physics run with 500 GeV is expected in 2011

| PH "’"ENIX

'7?H\‘

. | » Polarized pp Collider

4 » Polarization : 70 %

~ o * Vs = 500 GeV

&= * Luminosity : 1.5 x 10**cm™s™
: — 3.0 x 10°*°cm™s™’

E 4| - Bunched beam
k (106ns interval — 9.4MHz)
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Proton spin structure

Spin of parton is parallel or
anti-parallel to proton?

DSSV2008 (DIS+SIDIS+pp)
G'M;_XAE —;—xAd —20.04

0.02 — — 0.02
0 [ 0
002 - b 0.02
[ — D55V 1E 1
l l o4 [ DNS == DSSVar-l qF J-004

E — E A Z _I_ A G _I_ L _._.?.R..S:: — .]?:S..S.T Ii;.:,_‘l::(_;z:(:}:if_ — ::::::: — ::::::: T 03
“xAs o xAg
A Q*,.—- : We” known 0-02;— _;§ .,:-:lf::}'-:j;---"--:‘"‘-,\lll ]

A G . Being revealed IR e

A Q : Less well-known "/ I T o

L :Unknown o Q=locv A orgymm e
107 0" 10~ 0!
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P H E N IX E - Theory curves: FEWZ and MSTWO08 NLO PDF’s _, ——
E" — -
e
First published 9 [ mawa?" 1At
' £ ~
measurement in i OHENIX W*
pp collision M7 § : PHEN:xw‘
107 o PHENIX W*
Main interest is A SIS
polarised beam o W.} o
a9 Sensitivity to the CDF
polarised sea 300 400 500 600 1000 2000
structure functions \'s (GeV)
A Single longitudinal
asymmetry.
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The H1 and Zeus exp. at HERA

1.,- .l

=

" 6.3 km long accelerator

= Two multi-purpose detectors e* i i p
" Particle energies allow to
27.5 GeV 920 GeV

probe proton structure down

to AX ~ 108m Collisions every 96ns, Vs = 319 GeV
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Polarised lepton beam

u-,u e'p,-P e'p, +P  ep,-P ep, +P
//;If/k'ﬁlh 1 Hanaboi ﬁﬁhw‘y\‘f\% % 2 %wwu_ ep
. S Ratano Spin Retasar g
£ P Nr—-Ng ™\ Il £
€ - NR +NL 7 wuu- anaa|
-,\ n Kotabor 5|=ilhliol?ll_'/ muu'_ —
— — e ’ F'\nlnrlsallﬂ:.?%j T = L F’oI:ﬂ:aﬂn.:-:j]ﬂ;-J
P <0 HERA II: Longitudinally Polarised Lepton Beam: 4 modes of running
L
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Deep inelastic scattering

ep—eX
e(k) e, v(k) e
- a4 L ) S
v, 4, W
q. ¢ Neutral Current interaction
p(P) p remunant g T ep—vX -
(2'-2 g - ,?,""] 2 Virtuality of the = P ;\’1
' exchanged boson = Y
) ’/
»
T = — (‘) - Fraction of proton momenta L -
2P - (k — k') carried by the struck quark Charged Current interaction

Ptk Inelasticity: fraction of
" lepton energy transferred NC and CC cross section measurements done
Pk in the proton rest frame using up to the full HERA I+II data in the
range 200 < Q2 < 30,000 GeV?
Q? = sxy, Q% ~ 10°

|
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\Electroweak

physics

HERA

. . . [r I 1 1 1 LI} | 1 I I I | I | | 1 I IE
* Inclusive differential 3 Dw, 5 waueEs
. 2 % 10 %Eﬁ NC & H1e'p NC (prel.) 3
- 0 ZEUS e'p NC 06-07 (prel) ]
cross-section at Q2 ~ & s L e ) -
&) SM e'p NC (HERAPDF 1.0) =
m W Z E - CC — sM :':: NC (HERAPDF 1.nu} N
’ [ ™ e om ;
13 : : :&\\&“ _E
S - =
103 * H1e'p CC (prel) - e p -
4 H1epCCprel) =
= ZEUS e’p CC 06-07 (prel.) =
=« ZEUSepCC04-06 P 3
10° [ SM e’p CC (HERAPDF 1.0) € P . i
E SM ep CC (HERAPDF 1.0) E
= Y= 0.9 =
F P.=0 M sz M7 ? g
'? — | 1 1 1 1111 | 1 1 1 1 L 1 | 1 1 1

L 10° I T1o¢
Q? [GeVd]
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Polarisation asymmetry in NC

Y > influence of Z°
H1 Preliminary
A . B Ai 2 O-;;F(P ) J\,p (P)
i e Aep P P O—WL(P)+G'\£(P)
0.5~ —— H1PDF 2009 -
B &
. B ¢ ¢
P = Ng—=Np Pr >0
0.5 m Aep =
- —— H1PDF 2009 i %
B I

_1 L L TR ES TR O | 1 L Loy 1 aal
10° 10°
Q*[GeV?

" From polarisation asymmetry clear observation of parity
violation of NC electroweak exchange

= Well described by SM predictions
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e*p cross section:

dZUCC (e+p)

\Charged current cross-section

Sensitive to the density of the d quark

dxdQ*
e p cross section:

dZG_CC (e—p)

Gy
T 2n

)[u+c+(l y) (d+s)]

~
o (x Qz)fx

dxdQ*

L Vi
A /

\ A
/ﬁ// gR\\\ ;5/ .]’

_["?1\
W

/

CC cross section modified by polarisation P,:

o (P)=(1=P)- 0 (P, =0)

/ : ™

Gy
T 2

Standard Model weak interaction left-handed:
only LH Particles (RH anti-particles) interact

)[u+c+(1 y) (d+s)]

Sensitive to the density of the u quark

Polarisation scales the P.=0 cross section
linearly: clear and large effect at HERA
SM predicts zero cross section for
P.=+1(-1) in e (*)p scattering
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CC cross section vs polarisation

" Linear dependence on
average polarisation

“ Measurements agree

with SM predictions a0

HERA Charged Current e"p Scattering

60
40

20

T | T T T T | T T T T | T T
e'p—=vX
® H1 HERAI &
o H1 HERA Il (prel.) —
A ZEUS 06-07 (prel.) -
4 ZEUS HERA | i
ep—vX ]
® H1 HERA ]
o H1 HERA Il (prel.) ]

A ZEUS 98-06

~~HERAPDF 1.0

g Q? > 400 GeV?
- y<0.9
1 | 1 L 1 l | l 1 1 1 | 1 | 1 1

-0.5 0 0.5 1
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‘W at HERA: high p. isolated lepton

+ Main SM contribution to signal I
from real W production with " Y
subsequent decay to leptons

— Total cross section of about 1.3
pb, with 10% of W decays to

each lepton flavour: very few
events expected at HERA

— Hadronic system typically has
fow transverse momentum

— Modelled using EPVEC, re-
weighted to a NLO calculation P

+

e

Hadronic system,
typically low P

Neutrino, Pmiss

Tw

I-I-

Isol. Lepton, P,

¢ Two additional processes included that contribute to the signal topology:
2 : —— e ZD
ccw - iw

Production
(~7%)

; . Cabibbo-Parisi Z°
- q production
< B - (~3%, e channel only)
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‘W at HERA: high p. isolated lepton

JHEP 1003 (2010) 35

‘E e H1+ZEUS (D.98 fb™") ‘E 50 e H1+ZEUS (0.98 fb™") 'E ® H1+ZEUS (D98 fb™)
4 = sm 2 = sm gm‘ == sM
w [77] SM Signal w 7] SM Signal w |1 SM Signal
Jacobian
80 80 100 120 140 0 20 140 160
0, [deg.] My [GeV] P [GeV]
H1+ZEUS Data SM SM Other SM Good overall
1994-2007 e*p  0.98 fb~* Expectation Signal Processes agreement
Electron Total 61 |69.2 + 82483 + 7.4 (29 + 32| withthe
PX>2GeV | 16 |130 + 17100 + 16| 31 + o7 | >tandard Model
Muon Total . 166 = 27 || 164 X 36| 22 £ 0.5 -
SM expectation
PI)! > 25 GeV 13 (110 £ 16| 98 + 16| 1.2 £ 03 dominated W
Combined Total 8 (818 £ 11.0 (647 £ 99231 =+ 33 production
PX>25Gev | 29 | 240 + 32197 + 31| 43 + 08| — Cross section
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Next topics

17.11 -
OW + jets
JTops: xsection, mass
24.11 - Hot topics: new exclusion limits
1.12 - dibosons and anomalous
couplings
8.12, 15.12 - Higgs
5.01 - Hot topics: 777
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