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Outline

¢ Intro: QCD at higher orders

¢ Physics with W, Z bosons at hadron colliders
(focus on Tevatron, LHC)

¢ Importance of leptonic cuts
¢ Fully difterential NNLO codes: FEwz, DYNNLO

¢ Tevatron results: W charge asymmetry, a
question about the Z rapidity

¢ Combination of EW and QCD corrections



Collisions at the LHC

A lot going on...

PR =y ) A ¢ New physics at hard scale;
N TR Yo M for example
TS $aed ¢ Parton shower evolution
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- e ¢ Parton distribution
e — functions at Aqcp
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How does one make a prediction for such an event?



Divide and conquer: PDFs

Make sense of this with factorization.: separate hard and soft
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Computing 0: NLO

NLO NNLO
LO PV /—/?
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Contributions separately singular
® Soft singularities: E,—0 !
@ Collinear singularities: pg | | pi

Kinoshita-Lee-Nauenberg (KILN) theorem:

singularities cancel after summation over degenerate initial/final states

Cancellation occurs for
infrared-safe observables:
insensitive to soft/collinear
radiation

+ Lepton from Z decay 1) distribution

~ Number of partons in event



Benefits of NLO

[/ Improved normalization and smaller residual uncertainty

[/ Better description of distribution shapes

gFirst serious quantitative prediction only at NLO
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Computing 0: NNLO
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When is NNLO necessary? % Wi

A When NLO corrections
are large, and NNLO is

needed to check expansion

(gg—H)

[A For benchmark processes % >W<

Real-Virtual

Virtual-Virtual

where high precision is
needed (DIS, Drell-Yan for
PDFs, ere—3 jets for o)



d*¢c/dM/dY [pb/GeV]

Standard Candles
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d®c/dM/dY [pb/GeV]

Y'/Z rapidity distributions

ADMP hep-ph/0306192
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¢ Significant impact on fixed-

target data, quark distributions
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¢ Generally good agreement
with CDF/Do data

from VRAP: NNLO y'+Z,W rapidity distributions



W charge asymmetry
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¢ Remarkable stability under
perturbative corrections

Catani, Ferrera, Grazzini 1002.3115
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A¥rp and sinz6
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Statistics Systematics

¢ Recent CDF measurement with 4.1 b, prospects for improved
determination of sinz0



d®c/dM/dY [pb/GeV]
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LHC W/Z e

pp-(Z,77)+X

Vs = 7 TeV

from L. Dixon M/2 £ u < 2M

ITOTS

W—uv

Source

Tracker efficiency

Muon efficiency

Magnetic field knowledge

Tracker alignment
Trigger efficiency

Transverse missing energy

Pile-up effects
Underlying event
Total exp.

0/

Uncertainty (%

0.5
1
0.05
0.84
1.0
1.33
0.32
0.24
22

From G. Dissertori, HP2 2006

¢ Large samples, small theory and experimental systematic errors

¢ 0(sin20) = 2x1074 with 100 fb* at 14 TeV




LLHC physics with W/Z

¢ Luminosity monitoring: normalize to W/Z production

[Caa-ww PDF(-‘-’iv""z’Q'z)
PDF (x,,x,,0%)

| | ' \ Calculable with
Aly, = 0! Normalization process

small theory error

Dittmar, Pauss, Zurcher hep-ex/9705004

¢ KK/7Z differentiation
via SM interference z
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T. Rizzo hep-ph/0305077



Spin correlations

Measure leptons, not W/Z, with cuts
oilll== > imposed =spin correlations between
€ X L x@

production, decay

e Cutl: pr > 20 GeV, [9°| <25, KHr>20 GeV;
e Cut 2: pp >40 GeV, [n°]| <25, Er>20GeV.
Tevatron LHC

LO NLO MC@GNLO | LO NLO MC u\L()

Cut 1 0.409 0.385 0.383 0.524 0.477 )

Cut 1, no spin | 0.413 0.394 0.394 0.553 0.510 0.515
Cut 2 0.356  0.340 0.336 0.058 0.129 0.13:
Cut 2, no spin | 0.389 0.374 0.370 0.075  0.150 ULEnE

Frixione, Mangano hep-ph/0405130

Essential: tully differential NNLO with spin correlations,
v/Z. interference



Acc

FEWYZ

¢ FEWZ: Fully exclusive W, Z production = Melikos FP hepph

0603182, 0609070
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[ Generally, percent-level

predictions for acceptances



Forward electrons from W

¢ CDF: forward electrons from W decay nep-evorons;

e Forward: 1.2

< |n| < 2.8, Ep > 20 GeV, E1r > 25 GeV

e Central: |n| < 1.1, Er > 25 GeV, Er > 25 GeV.

FEWZ:

NLO

NNLO

0.2616(2)

0.2614(2)

en |0.2458(28)

0.2422(5)

/¢10.940(12)

0.9266(19)

[A CDF result: 0.925+0.033

Acceptances very well
predicted by NNLO

calculations



New and improved FEWZ

Previous version:
¢ Multiple code runs required for single histogram

¢ Difhiculty in sub-% precision for stringent cuts Adam, Halyo, Yost 08023251, 0808.0758

N GW! Gavin, Li, FP, Quackenbush, in progress

¢ Multiple, arbitrary histograms filled in one run

¢ Sector-by-sector, parallelizable integration routine
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Lepton distributions

Z @1 LHC @7TeV

NNLO ] : ==
NLO

H

LO boundary: leptons back-

to-back in transverse plane



101

o(pb/bin)

100

DYNNLO

¢ Alternative subtraction approach to handling

IR SlIlgUIaI‘ ltICS at N N LO Catani,Cieri, Ferrera, de Florian, Grazzini 0903.2120
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Realistic W charge asymmetry

¢ Cuts on leptons qualitatively impact measurement

(from Catani et al. 1002.3115)
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¢ High yw: get W+, not W; I+ pulled back into acceptance, not I



Lepton asymmetry at high Et
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¢ Data systematically lower than NNLO; Do data not included in MSTW
fit due to tension with DIS/low energy DY data sets



CDF rapidity distribution

(A) 1.8 Because the acceptance depends on modeling of the Z
i | boson rapidity, transverse momentum and angular dis-
E - tributions of the electron pairs, it is important to correct
o 14 Before correction R R S Tl g
- R for possible model dependences arising from the choice
o s : : :
. -k of the event generator or a particular PDE set. The un-
8 12F corrected acceptance is calculated using the CTEQSL [9]
5 44E _}__ | LO PDFs, and we compare relevant kinematic distribu-
O “F . . - . . .
[ PPN SRVCOR R L tions in the MC simulation to those observed in the data
=i -3 T Plestep to correct the acceptance for possible observed discrep-
e ancies.
e T e T (" While the generated 1‘:-\11)i(lit,y spectrumn is in good )
e*e palr rapldity agreement with the data for i =2 the data and sim-
B) 16 ulation do not agree at larger values of y. To correct
: for this discrepancy, we modify the MC generated event
=E spectrum (dN/dy) so that the final accepted MC spec-
2 14f ; trum matches the spectrum in data, as shown in Fig
= "t After correction \ S Zata, : 8/
S 13F —- 2. A comparison of the reconstructed transverse momen-
§ 1ol tum spectra of the eTe™ pairs in the data and the MC
D simulation reveals good agreement as shown in Fig. 3.
O el @) $
z i ¢ Acceptance computable with NLO/NNLO, as
T | o A ajerg=ntn +-|,4,+'++ +,}-
= dEl Rl S hown bef:
: SNOW €1I01c€
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Ex 1 I AT TR0 e T TR ST Ty T ST Y 10 T8 A T 1 1At 1 1 1 1
0.8l ¢ Compare rapidity distribution with lepton cuts

S e Ty directly with NNLO simulation code; get
acceptance with NNLO code and consistently

CDF, 0908.391 L :
9003914 use same code+PDFs to get inclusive result



EW+QCD corrections

¢ At %-level, inclusion of EW corrections

! (V2
mandator Y OEW—~US EW Sudakovs; NB, ameliorated if selection

Tevatron . L
60 [ ‘ . includes EW emissions U. Baur, hep-ph/o611241
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¢ Tendency for EW corrections
P ——— —— <} to cancel a few percent of
=10 1 1 ] ] 1 !
1 05 0 05 1 QCD correction
Balossini, Carloni Calame, Montagna, Moretti, & Can be SEVEre fOI' cecr tain cuts

Nicrosini, Piccinini, Treccani, Vicini, 0907.0276



Mixed QCD-EW

¢ Without exact O(aas) corrections, only estimates
of their effect

o ™ L
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O Differences in prescription can reach
5% in certain phase-space regions =
calculation would be helpful

ALPCEN 8y —
MCSXLO
MCANLO+HIRACE
| — MCONLOXHORACEgyrytge ~—-—""
”.P “ .‘1 - —r————— . 3
1 ‘ E e 3
v—e— 3
b= ]
= - S —
ae 3 -—-&ﬁ
r_l:. N ||'|1 B T e -
e I . 3 _
= : ————— :
: ji4
-
I
NS -
QCD
Ev+QCD
10 | QCUxEV -
Y —
a0 L 4
3 E 0k -
—
'_) . | —
=20 - i 3
I e S T -
o B e Ty EA
- 1“ 1 1 1
SU0 L T AL o 1000
l‘:A'r\'jl

Balossini et al., 0907.0276



Conclusions

¢ Percent-level predictions for inclusive quantities
in W, Z production at LHC, Tevatron:

FEWZ, DYNNLO

¢ Crucial to include effects of leptonics cuts
¢ Acceptances accurately predicted at NNLO

¢ Host of interesting physics measurements: W
charge asymmetry, Z rapdity to give sinz0, PDFs

¢ Still needed: combination of EW, QCD



