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Review of electroweak physics at hadron colliders

10 em™ sec™]

Events/sec [for L

*Will begin with a review of the variety of
important measurements with W/Z(y)
final states

*Will focus on recent LHC and Tevatron
results, and theoretical issues associated
with them

*Emphasis on impact of QCD on
analyses, the status of theoretical
knowledge and tools, and some examples
of the tricky interplay between QCD and
experimental cuts
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W, Z at the LHC circa 2010

Z boson events have been observed in both channels

Observed 3 events

Expected 4.8 events

W=uv
Lint=16 nb!

CMS Preliminary 2010
| L,=16nb" vs=7TeV
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VW, Z candidate events feature
prominently in talks

*A few sparsely populated ptw and
Mr distributions

7 CMS Z-ete
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W, Z at the LHC now

*Detailed measurements of W, Z properties

T l T T T I T T T | T T T T T T T T T W T T T

ATLAS Preliminary

*Already improving PDFs, a first sin?Ow determination

FY—
J Ldt=33-36pb "

36 pb” at \s=7 TeV

A

CMS preliminary
I

e L lumi. uncertainty: +4%! !
exp. uncertainty . oxB(W) 0.988 + 0.009 exp * 0.050 theo
4 ABKlOS oxB(W") 0.982+0.017 exp + 0.049 theo
®m  HERA | oxB(W ) 0.993 + 0.019 gxp * 0.054 theo
eI oxB(Z) 1.003 + 0.010 gy + 0.047 treo
56 B8 6 62 64 66 B8 7 oxB(Z — 1) [/ — 1.029 £ 0.097 gyp + 0.043 theo
Oy / Oy oxB(Wy ) Wi e 11211 0.177 exp £ 0.077 theo
2088 oxB(Zy) i 0.969 £ 0.121 exp £ 0.042 theo
- —+— Data 2010 (\s=7 TeV) | oxB(WW ) , : 0.956 + 0.381 exp £ 0.007 theo
0al @ mggstg: i B Rwiz 0.981% 0.018 ep £ 0.015 theo
L4 MC@NLO, MSTW 2008 » i \Fl?vw‘ 2.24 + g-g;;ﬁ exp ¥ 2-3113573 theo
B — % N et — €V O 894 + 0. exp * 0. theo
0.25F W — pv ﬁ_%r%& wjet Spvo & 0.833 0.088 exz +0.017 theo
- P , % . Ziet — €€ 0 . d . 0.992 + 0.199 exp + 0.020 theo
0.0k G B Ziet = Bt 0 : " 1.208 + 0.280 exp + 0.021¢heo
- B - Zy jet/Zjer(— ee) . Z ! 1.059 1 0.281exp + 0.167 theo
%m‘@é@\x : ATLAS i Zy jet/Ziet(— HI) py —t 1.000 + 0.272 gyp + 0.185 theo
0.155 — sin“Oyy 4_ 0.989 + 0.037 gyp * 0.0014neo
- JLdt=31 pb” 1 | ! |
T 0.5 1 1.5 2
005 1 15 2 Ratio (CMS/Theory)

M|
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d®c/dM/dY [pb/GeV]

Review of electroweak physics at hadron colliders

Why are we interested!?

pp » (Zy")+X at Y=0
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*Residual theory error from
uncalculated terms at the percent level

*Experimental systematics at the
percent level, high statistics

Vs = 14 TeV

M = M,

MRST2001 pdfs

Mp = Mrp = M -

*Permits precision measurements in a

hadronic environment

MHr =

MF

30 1 1 1 | |IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0.2 0.3 0.5 0.7

Anastasiou, Dixon,
Melnikov, FP 2003

1.0
pn/M

¥ epton reconstruction & identification
Irnigger prefiring
Energy/momentum scale & resolution
!',"1' scale & resolution
Background subtraction / modeling
Irigger changes throughout 2010

~ Total experimental

" PDF uncertainty for acceptance
Other theoretical uncertainties

A Total theoretical

Total (excluding luminosity)

CMS, EPS 201 |

Woaer | W-— M | Z — et Z = u J
1.4 09 | 1.8 n/a
n/a 0.5 n/a 0.5
0.5 0.22 0.12 0.35
| V.2 n/a n/a
) 0.4 0.14 0.28
n/a n/a n/a 0.1
1. 1.1 1.8 0.7
). 0.8 0.9 1.1
).7 0.8 1.4 .
0.9 1.1 1.6 1.9
1.8 1.6 2.4 ()
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Luminosity and PDFs

. ) ) P —
/ ComPUte theoretlcally [ pdf uncertainty on do(DY )/dMdy ]
: - ~ b d(.‘-("o“‘-'-,'-'d)". do(W )/dy, do(Z)/dy 1
N B N O-q,ﬁ—bWW PDF(xl,xz,Q"') at LHC using MSTW2008NLO (68“"o<:l)/:
WW — Z .
i 5 PDF(x,,x,,0%)
I, M=8 GeV 4
Enpzm £ 16 G“
4
‘QC) 10 24 Ge '
&)
-
)
©
. . Q.
*Use to remove luminosity error from e —— /
processes with similar initial states —
*Use in PDF extractions; control over
differential distributions crucial b 3
0 1 2 ‘ 3‘ 4 5
y T. Shears
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Fundamental parameters

20000 ==

—FAST MC
mBackground
x/dof = 30/31

-(b) DO, 1 fb™

Events/a5 GeV

-2 ;
25 30 35 40 45 50 55 60
p; (GeV)

80.400 + 0.027 (stat.)

+ 0.040 (syst.) GeV

CDF Preliminary Result withj L=21fb"

0.235
F

o.23f»;

0.229}-

sin’6,, = 0.2329+ 0.0008(A, error)’ " "*(QCD)

R

— A, Measurement
Total Error of A,

[ Systematic (QCD Theory)

022860 0.4 0.

A4 in 66<M<116 GeV/c?
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1 0412 043 044 045

'''''''' | ! | Y _{
80.70 | exp-enmemal errors: LEP2/Tevatron (today)
| 68% CL
95% CL
80.60
\tg‘.‘-'\ SUS\(
> F i
8 80.50 MSSM
E_. : J f,T:
80.40 |- :—»Y'\;;;; gusY
: aA = "'"A Ge'\'{" 7
80.30 . \M
s'r‘ SM g0 GeY
[ ] M= st
80.20 . both models |
1 Hermemeyer, Holik, Stockinger, Weber, Weglen '09
t_ L 1 L 1 1*.,,1 1 1 l s 1 1
160 165 170 175 180 185

m, [GeV]

*Most precise determination of My
from Tevatron

*Check on LEP sin?Ow measurement;
also complete determination of angular
properties of Z decay (Collins-Soper
moments), other QCD properties
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Background to new physics

(7)) C T I T T T I .E = T I -
o 800 3
E : - data . Z‘IHIS CMS prehmlnary 8 - ® 2011 Data " :-
‘&000 | — m, =160 top Gt sl Q 700 data-driven composition ]
I ww [l wz/zz ] g ———— - ) vy expected =
- W+jets . 8 600;’ ----------- Y] expected =
[ ) = - B jj expected ]
B — © 500 3
1500 i . 1 3 = B DY expected 3
I ] 400 ]
L e : 300: _____ # ______ ATLAS Preliminary -
' 200F F :
o o 1 - J Ldt=209 pb 3
500 = — 100}~ »
- - 0 - | - ; ’-
: e ) Y Yi ii DY
O m | " L 1 l To—, —
0 2 4 —_
Njets

*Diboson,V+jet major backgrounds to

3000 b~

both high and low mass Higgs =
*High mass tail needed for heavy O
resonance searches; interference with = . KK graviton %
SM possibly a useful diagnostic tool =

oo .. .. ... o1
LOO0 2000 2000 . 1000 000
T.Rizzo 2003 M 'V
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Inclusive cross sections

*Known th rough NNLO in QCD van Neerven et al. 1991; Harlander, Kilgore 200

.NLO EW corrections known Baur, Brein, Hollik, Keller Wackeroth; Dittmaier, Kramer;
Carloni Calame et al., 1998-2006

]

1 I T T 1 T T | | ] T T T T

.Q -
cms - . 3pblat \s=7TeVS, | ATLAS Preliminary g
NNLO, FEWZ+MSTWO08 predlct|on b§ 11— * _
[with PDF4LHC 68% CL uncertainty] I |
1.43 + 0.04 E g
W — ev oy - :
1.418 = 0.008 , = 0.036 101 -
W — uwy e - -
1.423 = 0.008 _, , + 0.036 syst - @ Data2010As=7TeV) mmm total uncertainty -
- O MSTwos —@- uncorr. exp. + stat. |
W — |v (combined) o o= ; :ésaog uncertainty N
1.4212 0.006 ,,, = 0.033 _ I = J Ldt=33.36pb" |

O . | | | 0'5 | | 1 '5 _ | | | | J | l 1 | |

[OXB]( ")/ [oxBJW) 0.8 09 1 1 1

- AT+ Y W o+,
App = A7 2) x 3R = 2 ::: — 1421 £0.006 (stat.) £ 0.014 (syst .- Entirely a PDF error o, [nb]

ol pp — W—X) x BEIW— — (i
cpp = ZX)xBF(Z = {7(7) = 0.975£0.007 (stat.) £ 0.007 (syst.) £ 0.018 (th.) = 0.039 (lumi.) nb.

c(pp =W X)) xBF(W™ = {7v) = 6.04£002(stat.) £ 0.06 (syst.) = 0.08 (th.) £ 0.24 (lumi.) nb;
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WV charge asymmetry

*Probes both valence and sea distributions

NW+(y)_NW—(y) _N€+(T’)_N€—(T’)

A, () = = A=
W 0
NW+(y)+NW—(y) N£+(77)+Ng_(77)
CMS+LHCDb \s=7 TeV
I ] I 10.35 I T | ] | I | T | ‘ T I | T | I T T |
0.4} P 20 GeV | % . LHCDb, prelim. 16.5pb™" | = - _+_ Data 2010 (\s=7 TeV)
- ! | - 444 MC@NLO, CTEQ 6.6
= =" ‘§ , a W—uv 0.3 B MC@NLO, HERA 1.0
U2 " [ {fiitH MC@NLO, MSTW 2008 | 4
E v I i - W S v 2PN
! 0l CMS, prelim. 36 pb *—1_ = 0.25~ //% N _
< RS Rl i) o QA
qo).) o W - v MCEM+MSTW2008NLO i 2 AN i
3 02| e s 0.2- .
. i
S 04} il o S ATLAS |
Q \ [ 0.15 o
@ ! CMS J Tl 4
I T Yl LH:'Cb i L dt = 31 pb ]
—0-6 - L L L i'-,.],ll N i ] | | ] | ] | | | ‘ | ] | | | ] | | | | | ] | ]
| 1 1 \ 0 0.5 1 1.5 2
0 1 2 3 4 < um

Lepton Pseudorapidity [n|
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WV charge asymmetry

*Probes both valence and sea distributions

NW+(y)_NW—(y) N£+(T’)_NK—(TI)

A, (y) = = A=
14 /
NW+(y)+NW—(y) N€+(TI)+N€—(7])
Q? = M2, ratio to NNPDF2.1 Q* = M, ratio to NNPDF2.1
1.3r 1.3
1-255 .mPI}Fz
: 1.2 Foouso]] neoFet e wASY CMS 0 Qe ut
12
C 400
1.15 1.1 40%
= 1.1
3 2 1
%1.05
1 0.9
0.85
0.8
09 from M. Schmitt, LoopFest 201 |
10° 10 10° ) 10 10 ':"1?11*5 10° 107 102 107

X

Already entering PDF determinations
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Importance of precision tools |

*Probes both valence and sea distributions

Ny, (y)=Ny,_(y)

Ay (y) =

Ny, (y)+Ny_(y)

A,(n)=

N,,(m-N,.(n)

N,,m+N,_(n)

030 UL |

RN

llllll

llllllll

£0O(10%) shape
corrections from
QCD; not due to
PDFs alone

[ R ———

0.00 [ I L1
1.4
1.2
10— L_r——
0.8E=
0.6 E=
—. 1.4
12E
DYNNLO: Catani, Cieri, Ferrera, ég =
de Florian, Grazzini 2009-10 0.6 Ex o] s
0.0 0.5
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Toward collider-only PDFs

*W charge asymmetry just one of many measurements with PDF impact

THE FUTURE: COLLIDER-ONLY PDFS
e LHC CAN PROVIDE US PRECISION INFORMATION ON PDFs

e TOWARDS A “COLLIDER ONLY” HERA+LHC PDF FIT

(TEVATRON DATA MIGHT BE SUPERFLUOUS)

MEDIUM & LARGE o GLUON
+ PROMPT PHOTONS AVAILABLE
% (PRECISION] JETS IN PROGRESS

Let’s look LIGHT FLAVORS AT MEDIUM @ SMALL ., FLAVOR SEPARATION @ SMALL .

. * LOW-MASS DRELL-YAN PRELIM.
b”eﬂ)’ at @ + 7 RAPIDITY DISTRIBUTIONS PRELIM.
« W ASYNM S AVAILABLE
these ‘/ 1" ASYMMETRIES AVAILABLI
STRANGENES & HEAVY FLAVORS

¢+ STRANGENESS = IV + ¢
¥ CHARM = Z + ¢, ¥ + ¢

+ BOTTOM Z - b IN PROGRESS

S. Forte, BNL 201 |
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M2 Y distributions

CMS preliminary CMS preliminary

| | | | L | | ITI]IIIIII]II]IIIIIIIIYTIT

% 1 ? 36 pb'1 at \s=7 TeV _§ 035 ++++ 36 pbat\s=7 TeV ]
O g1f 7 /v * _ Hﬂ ++++ .
. = YU S 0.3F .
= - ] C * z
i B 7] I~ -
S 10°F 3§ =.0.25F T -
B - 1 T :
O - - L =
bN 103 g_ _§ '8 0 2: L ]
= 4l ] § 0.15F &
10 3 E u _ 1
- . data : 0.1:_ « data (e and u combined) + H
10° NNLO, FEWZ+MSTWO08 E ] POWHEG + CT10 T4
- uncertainty on modeling < 3 0.05- hi
10-6? I ' ' — S —— : E 0:111.1.1.1.111111.1-1.1.11111111111H

15 30 60 120 200 600 0O 05 1 15 2 25 3 35

M(uu) [GeV] lyl

*Together these probe x from 104 to 10! with small theoretical errors
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Importance of precision tools |l

CMS preliminary

36pb’ at\s=7TeV § °*Double muon trigger: pti>16 GeV,

pr2>7 GeV

*For M=[15,20] GeV: NLO—LO,
NNLO—NLO, need a hard jet to

—
O[\
—h

I D B '+""”| _

ZI™ = uu

1/0, do/dM,, [GeV]
o

10° generate this configuration
-t *Xs(15 GeV)=0.17, K-factor=1.9
s when going from ‘N'LO—‘N'NLO
5 .
107 NNLO, PEWZ+MSTW08 *Corrections to POWHEG
- uncertainty on modeling A . f | 5 2
1081 acceptance of =|.5-
15 30 60 120 200 600
% M(uu) [GeV]

“m GH o7 Melnikow, FP: [A Important to have tools incorporating
- Gavin, Li, Quackenbush, all our knowledge to catch effects like
JEE  FR 2006-2010 ,

/« 73 ‘!&,\ this
i S AL
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The forward region

o
10
LHCb|[19<y<49
§ L F
10°F, GPDs, |yl <25
10‘r Z W ey
N 107 |
o
=~ 10’
o~
o
10'f Y-
10° f
10"} Fixed target
10”7 10° 10° 10" 10° 10° 10" 10°
X
o from T. Shears
Z Rapidity
S 80 Ll Ll L Ll 'l L L Ll LE l . Ll 1 L] l. Ll . . 1 T ' L) Ll '.1' .
a LHCb preliminary, 37.1 pb™ 3
- -
g E
NNLO predictions (FEWZ) 3
B MSTWOos =
ABKMOS 3
JRO9 —
L 2010 Data E
TR TRTTTe 3
l A l A l J.L A p
Revi 3 3.5 4 4,
evie

y (2)

o

Forward coverage at LHCb probes complimentary x region to ATLAS, CMS

- -1
LHCb Preliminary, 37.1 pb NNLO

Kinematic cuts:

charged leptons p_>20 GeV, 2<1<4.5. e MSTWOB
Data: stat. and total error s ABKMO9

_—~ ® JROS
i
—a—
i i l 1 L L A I i 1 1 L l L A i 1 l L A s A l A 'S L s l A 1
50 60 90 100

I A LA A l AA L L l L (- l LA Ul A I A

500 600 700 566 1000 1100
—_——
—.—
l A A A L l A A A ' l L A 'l_.l_‘ l L L A A l A ' A A
400 500 600 700 800
-
l L L A l A L L l 1 A A l L i1 l'—f L 1 l 1 L L l 1 i 1 l 1 ]
12 14 24 26
l L ' 1 l s l L L A
0.8 1 1.6

NLO
o CTEQ

& NNPDF

o,(pb)

Oy.(PD)

o,,.(pb)

O, +0y.
Oz

' 2
W-

*Clear potential to
discriminate between PDF fits
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Importance of clever experimenters

CMS preliminary

0.9_] I A=l el i | I L=l I Dol Be=lodssl  Liads<s) | | 1 D B I Izl ls21 I | | I=:0:z: 15210 | I l_ 2 ;

: S ECAL'ECAL ECAL'HF : T 1 ] T T L ] T T ] T Q'\]Als1plr16|[lmlrnlarrv
0.8 — C 36 pb'at\5=7 TeV
- Total - POWHEG+CT10 Prediction . 0.3 ﬁ++++ H’M + + | E
0.7 - i + 4 + H» :
& & 5 0.3 + =
= = — E * A
S 0.6_— - - -
o [¥is é4] T : -Q-*-l— ;
S 0.50 = =029 + :
g 5 2 s, 2 2: 5
pre - — - —
> 0.4— — '8 E It =
e [ 1 © : ™ -
g & 1 = 0.15+ =
L 0.3 =1 "% E i
T B = N « data (e and 1 combined) I

0.2 . OAE '
- . - POWHEG + CT10 TE
0.1 — 0.05 ;i
0; i | | | | | - i | I | [ P | | | o e | I | P | | : | J: O:l | - l A SRS S S - l LA L. l P - | l L Ll l L.l IH

-4 . -2 -1 0 1 2 3 4 0O 05 1 15 2 25 3 35
yee |y|

*Can also access forward region in CMS (ATLAS)!

*Reconstruction of electrons in forward HCAL allows extension of Y range
*Should lead to improved PDFs and other EVW measurements
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Combining QCD and EW

*At percent level, combination of QCD and EWV corrections

essential: (2 ~Xgw

[do /dO)\icanLo

[‘In.-"':‘}()]Hl-)[{\\'l(: PS

[(1{7‘ N
dO QCD&EW

{ do }
dOpw HERWIG PS

*Differences in prescription can reach
few % in certain phase-space regions

[(](7 ‘,"’(IC)] LO/NLO

*First step toward exact O(XsXew) to
resolve taken «ilgore, Sturm 2011

Review of electroweak physics at hadron colliders

[4/n:| {(/(7} +{[(/(T] [(1'0] }
dQO QCD&EW dO QCD dO EW dO LO 7 HERWIG PS

)

U1 e
o
E
o

ALPCEX Sq — 3
MOSNLD ——— -
— MOMNLO+HIRACE 1
= A —— MCENLOTHORACEggrese ~=-—-
= '.l‘t'l = e N -
L. F —
| ) ~ m
— =
= - .
s -Lm.ﬁ
J= 0001 et
ﬁ%k’h o e 'E- ’--gﬁ _:
e — :
[
! -
|
60 pi
QcD
EW+QCD
40 L ocoxEw i
e Sl VO — e
— N - -
EE
a 0k i
E —
. L
20 b B
------------------------ .
Lemed """ " ememapmem——s |
-J‘:' | 1 1 1
500 600 700 00 000 1000
L (GeV)

Balossini, Carloni Calame, Montagna, Moretti,
Nicrosini, Piccinini, Treccani, Vicini,2009

DPF 201 | F. Petriello



WV, L+jets

—_—  ~, 103 o I ! | ¥ | E|
% 0.5 " " l 1 % : - J'Ldt - W-ev + jets =
(l_) —ev + |els . -1 (\D 10°E =33 P & Data 2010\ s= 7Tqu
= - -@-Data 2010,\ s=7 TeV JLdt—33 pb : g B ¥ ALPGEN ,
. v ALPGEN 2 10}’ Ei ., SHERPA -
- = BLACKHAT-SHERPA =
T - PYTHIA = 1
Al BLACKHAT-SHERPA L= A ATLAS" Proliminary
+ MCFM 10 -
= 102
2 0.3f B 10°
)
° ! 10
Z.‘el 107
n Oey o/ 0
+ V7 :
; % 2-W + 21 jet —‘
oY ATLASPrellmlnary Q. g NN
0.1 g | / %
V3120 2121 3352 4/>3 35/>4 S A .
: o ; F o5 //Z
Inclusive Jet Multiplicity Ratio © —
g 27_ W + 22 jets —‘
*Agreement across all jet bins, =15/ 2
. . . o
large kinematics region between 2 ¢ :
data and multiple tools 103 N ——
P 100 200 300

First Jet P, [GeV]
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WV, L+jets

’(-I)\ 05 | |
}11 W-ev + jets L. -1
— - -@-Data 2010\ s=7 TeV det—33 pb :

: ¥ ALPGEN

- /. SHERPA

z'Ql 0.4 PYTHIA =1
Al BLACKHAT-SHERPA

+ MCFM
=3
\b 0.3}
)
Q k
Z.‘ﬂl

Al 02 . ////

: g VAL
=
Y ATLAS Prellmlnary

0.1

>1/20 22/>21 23/22 2>4/>3 >5/>4
Inclusive Jet Multiplicity Ratio

*Once anchored at low bins, tools with ME+PS

merging describes kinematics for most

processes to ~20%.
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=10°
A 10?

S [pb/GeV
=

do/dp
-—h -—bd -d -—h — sy,
©C O O O O o
(o)) w N w n LN

)

Theory/Data Theory/Data
-t o b
NN Ol O

—h

O
O

I ' T ' I
q Woev + jets
=— | Ldt=33 pb @ Data 2010\ s=7 TeV
V ALPGEN
, SHERPA
BLACKHAT- SHERPA
MCFM

ATLAS Prellmlnary 3

L LU

Ny .
“\7/€'ts

I SR Sy

100 200 300
First Jet P, [GeV]
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WV, L+jets

Woev + jets ILdt_Ss b—1 . .
b4t et ~nE here, LO for W+4 jets; there is an

%.0.4l- 4 SHEREA ‘ NLO result now! BLACKHAT+SHERPA:

PYTHIA
BLACKHAT-SHERPA Berger, Bern, Dixon, Febres Cordero, Forde, Gleisberg,

MCFM Ita, Kosower, Maitre 2010

50 100 150
L) I | B9 B £9 | I LI I | FA BN BN |

W +4jets + X

[ pb /GeV |

10° F

-1 > - o
Py >25GeV, Iy 1<3

do / d/"r
S
T
I
Hy
ul

ATLASPreInmmary T -

.1 . ? :_\' >0 GeV. M™ > 20 GeV I
0 >1/>0 >2/>1 >3/>2 >4/>3 >5/>4 ) ._r? S 1 ie v, uF>mow |

Inclusive Jet Multiplicity Ratio v

vvvvvvvvvvvvvvv

o 3 W e
Enormous progress and too many  *f . ... 60—
new NLO tools to properly SERESsssg 5 ——
WA 8 DS Skt °©  200000.9
reference here... GOLEM, BLACKHAT, HELAC/ | o i e Jooeno, g

CUTTOOLS,ROCKET, SAMURAI, MCFM, NLOJET + O3 B d 6.005000400000. g
+ MADLOOPVBFNLO,Bredenstein/Denner/Dittmaier/ First Jet p. [GeV] Second Jet p_ [GeV]

Pozzorini; MADDIPOLE, AUTODIPOLE,MADFKS+others
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W+b jet

* Discrepancy for W+1 b-jet observed at CDF; difficult to resolve theoretically

CDF 2.74 pb +0.27 (stat) £0.42 (syst) b b 3 b
q e ..(./
ALPGEN  [0.78 pb S
b )
PYTHIA  [1.10pb | 9
NLO 1.22 pb +0.14(scale) N Y VAV T -
Campbell et al. 2008 .
occurs in the S5FNS,
— 20 | , ,
S | ATLAS Preliminary Data 2010,\/s=7 TeV | o with b quark PDF
S [ —a— EoctonCrome JLdt S *Preliminary results agree with
o B + Combined Electron and Muon - P 7
2 158 T vemcramet ] - NLO to |.50
Al [~ = NLO5FNS 7
+ (RS ALPGEN + JIMMY (b-jet from ME and PS) 7
> i ALPGEN + JIMMY (b-jet only from ME) i | Wb incl
T 10+ PYTHIA N — Full | 4FNS
s B A A [ Greatly reduced
i + i i=po/2 | 604 | 525 scale dependence
T A N w=pp |56.7| 42.6 .
o + ; I | - i p=2u | 532 | 355 in 5SFNS
T T s I ’ p=4po |50.0 | 30.1
1 1 Caola, Campbell, Febres
0 1jet 2 jet 1+2 jet Cordero, Reina,Wackeroth 201 |
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Di-boson production

* All modes have been observed at the LHC
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Di-photon Higgs background

*Major interest in di-boson production is as background to Higgs

L) L] I L] L} 1 L) I 1 L] L ] ' ] L] L] 1 I L} ] L] '

K Vs=7 TeV ] - —
150~ Ry=0.4, Ep"**=3 GeV Vs [TeV] O (yv) [pb] | o NLO(yy) [pb]
= ™ g e
& i solid: NLO, dashed: LO - 7 35.98(0) 47.0(1)127
g ] .
x 100__ Total —_ p} > 25 GeV , N~y | < 3
§ — —‘—\_\_ *‘Staggered’ momentum cuts change
S o B T -1 K=1.3—3
: gg only - - .
e T oy S -—1 *At LO, pti1=pr2, cut effectively 40 GeV
i ol i R o e AT |_ 1_ 1— 1— e B e T 1_- .
Y00 110 120 130 110 s ®Region between 25-40 GeV first opens
\ o at NLO, leading to large corrections
pr >40 GeV, pF >25GeV, |n,|<25

*Are the staggered cuts experimentally

EE necessary! They complicate QCD
m from MCFM: Campbell, Ellis, Williams 201 | background predictions
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Conclusions

*After only one year, W and Z physics at the LHC is approaching
percent-level... theory/PDF limited already in some results

*Benefit to extensive interactions between theorists and
experimenters working in this area; non-trivial interplay between
QCD and experimental cuts

*Great progress in theory;W+3,4 jets now known at NLO (W+14 jets

d

L

most unthinkable a few years ago)

n preparing for this, was struck by the experimental progress from

HC 2010—LHC 201 |

*My hope for 2012 talks on EWV physics:
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