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BlackHat

e On-shell methods — Darren Forde's talk
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e Numerical anlementatj@ﬁ S
o Automated anlemerltatlon = mdustnahzatlon

o C++ framework for automated one-loop calculahons organization,
integral basis, spu;f\or products, residue extraction, itree ingredients,
caching
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o SHERPA for reaﬂgubtrachon real emission, phasé—space integration,
and analysis 4

« Other groups using on—shell methods: Ossola, Papadg,p’otﬂos Pittau, Actis,
Bevilacqua, Czakon, Dragglo‘ﬁs,\G arzelli, van Ha;nei'en Mastrolia, Worek;
Ellis, Giele, Kunszt, Lazopoulos, Melnikov, Zanderigh;
Giele, Kunszt, Winter;
Anastasiou, Britto, Feng, Mastrolia; Britto, Feng, Mirabella
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The Tevatron is Stﬂl Runmng

e Thirdjet in W+ 3 jets
[0907.1984] P W+3jets+X  —- 10

— NLO
\'s = 1.96 TeV = CDF data

EX' > 20GeV, Il < 2

¢ Reduced scale dependenéé at
NLO

e Good agreement mth CDF
data [0711.4044] | N

e Shape change smallicompared BlackHatSherpa
to LO scale variation ~= LO/NLO 8 NLOeal

e SISCone (Salam & Soyez) Vs
JETCLU --

E, > 20GeV, In | < 1.1

—_—
on
[

E, >30GeV, My >20GeV
R = 0.4 [siscone]

do/dE. [pb/GeV |
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BlackHat+Sherpa

\s = 1.96 TeV
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Z/Y +jet+X

o Anti'kT
e Reduction of scale
dependence

|

R = 07 [anti-k], AR, >07

Z/Y +2jets + X

T T I .I T
pi > 30Gev, 1y < 2.1

INLO importance

e el
ET >25GeV, In | <1

* . S~ @ P
Z/'Y +3]ets+X S~ IMl<lor 12<In"1<28
66 GeV < M, <116 GeV

grows with
increasing numbet; of
jets

\
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c—-= Z/Y +jet+X
——- Z/Y +2jets+ X
— Z/y +3jets+ X
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o /+3jets:new
e Reduced scale dependénce

e Parton calculation gbrrected
to hadron level using
experiment-provided table

 Reasonable agreement with
DO data [0903.1748]

e SISCone (Salam & Soyez) vs DO
midpoint

Z/y +3jets+ X

—- LO hadron

— NLO parton

-— NLO hadron
DO data

\s = 1.96 Tev

e = Mg = H/2

prt > 20Gev, 1Nl < 2.5

E; >25GeV, In°l < 11

15<In°l1 <25

65GeV < M, <115GeV

BlackHat+Sherpa
R = 0.5 [siscone]

--- LO hadron / NLO hadron NLO scale dependence
—— NLO parton / NLO hadron

DO data / NLO hadron

LO scale d¢pendence

40
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...and so is the LHC

B ISR . ' W'+ 3jets + X —- LO
e Third jet in W+3 jets | Lo
" \s = 7Tev

@7/TeV r S 10
e NLO scale uncertainty 2

smaller than LO (band & ESCRE

accidentally narrow given S p 25 Gev, [yje:| <3

i : Ef >20GeV, Nl <25
central choice — but wpuld in e
any case be much improyved) S| R = 0 i BlackHat+Sherpa

o Shape Change mﬂd - LO/NLO NLO scale dependence

e Scale choice H/2 (half éétal, ‘
partonic E) ..

_____
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Scale Choices

W +3jets+X  —- 10 W +3jets+X  —- 1O

— 10" — NLO ' — NLO
> Vs = 14Tev Vs = 14Tev
O
~~
=
A — 10°
i -
o N EX > 30GeV, 11 <3
©
o -3
10~
lackHat+Sherpa
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Need to choose scales event-by-event
Functional form of scale choice is also important
ETW is not suitable; HT is
NLO calculation is self-daignosing, LO isn’t
In the absence of an NLO calculation, should use a scale like HTScale
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o Thirdjet in Z+3 jets
@7TeV _ | ZIy +3jets+X  —- 1O

— — NLO
e Shape similar at LO to y: Vs =7Tev
NLO, slightly closer than 2 10°
for W+ 3 jets - i
e NLO band s acc1denta]ly S 10| are asoe i<
o E;, >20GeV, Il <25
Narrow; but ‘NOUld' mn any 66 GeV < M_ <116 GeV
case be much imprioved R = 04 fanik] BlackHat+Sherpa
COITIpaI' ed tO LO - LO/NLO NLO scale dependence

LO scale dependence

= predictions for -
W+3/Z+3 ratios, handle

on missing-E + 3 jets
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AR(15t,2rd) jet

Shapes can change!
Physics of leading jets
not modeled well atd(
additional radiatioh
allows jets to mgve
closer

Cf Les Houches study
[in 1103.1241] (Hoche,
Huston, Maitre, Winter,
Zanderighi) comparing to
SHERPAwW/ME  ~
matching & showering

Opoaied 0 d/dAR , [pb]

W + 3 jets incl. production : AR 1st to 2nd jet

T | T T ‘ T T ‘ T T T T ‘ T |
— BlackHat+Sherpa, scale = HT

| --.- Sherpa, ME&TS(N::‘=2+4)

LHC 10 TeV
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W+ 3 jets at the LHC: W* /W~ Ratio

s)

-
W

— W' / W ratio W +3jets + X

\Ns = 7TeV

N

+3jets) / do (W +3jets)
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W

W
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BlackHat+Sherpa

p—
W

[

do (W'




W Polarization

LHC Vs = 7TeV — 1,

e Polarization

(
distribution

W+ 1 jet

o

dependence

— Present at

polarization fraction

/.

— Present fot
W+ 3 jets

° Useful for O
L1 11 I L1 11 I L1 11 I L1 11 I L1 1.1 1 I '—'_|_;_
decay! 50 100 150 200 250 450 500

P T,boson
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Jet-Production Ratlo in Z+Jets

300 300

- Z/y +jet+X
-= Z/Y +2jets + X
— Z/y +3jets + X

- ZIy +jet+X

-= Z/Y +2jets + X

— Z/¥Y +3jets + X
219" +4jets + X

CDF setup

Loa g .

N CDF setup

"1
Linm, %

I:IIII|,|,|,| IIIIILI,I,I IIIIIL|,|,| IIIIIL|,|,| IIIIILI,I,I_l_
do7dp, [107GeV |

-

3

e = W, = H,/2 Sherpa BlackHat+Sherpa

T
(ZI1y" +2jets +X )/ (Z/y" +jet+X)

by ——  (Z/Y +3jets+X)/(Z/Y +2jets + X) _{ -|__H-
4_4..|1+++-f-f I‘|+ +|1’-}'

—
- = (ZIY +2jets +X)/(Z/Y +jet+X)
—_— (Z/Y +3jets + X))/ (Z/Y +2jets + X)

(ZI1Y +4jets+X )/ (Z/y" +3jets + X)

.-rJ"-l-"" .-"'++'-||i-+-|ll++‘|'++++l ‘-E
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Summary

 On-shell methods are matﬂfﬁigﬁfc'@ﬂﬂe_method of choice for

QCD calculations fofcolliders =
e Automated seni}mmencal one-loop calculatior{‘:@
. Phenomenologfca]ly useful NLO parton-level ealculations:
- W+3jets at Tevatron and LHC f’
~ Z+3jets at Tevatrbn and LHC ,f’!

— Broad variety of lqnerﬂab\al conflguratlor];.pfob
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