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Virtual corrections

— We use dimensional regulariza-

Sample of loop diagrams: _ — S
tion and MJS renormalization

af 1B scheme.
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—— Tensor integrals reduced analyt-

ically to scalar integrals and or-

@) |b ganized to avoid spurious diver-
gences.
4 —— Scalar integrals dealt with stan- ®
LTI
:} it s dard techniques; two massive
[FrreHTRTEE boxes not in the literature were
calculated analytically.
—— After introducing counterterms we obtain UV finite amplitudes. e

— Remaining divergences, of IR nature, are proportional to the Born and cancel

with Real corrections after convoluting with renormalized PDFs.

—— Finite pieces finally are interfered with the Born amplitude.




> g)ec ZOJ looo @ Z:H?m (\léO&B
Fonoi Sl forn - T B

— b_g_(“_ 22 3 ZOO NG ( [ FOF am (\5)‘0&) A e ‘~“~ e
v
— 3 Dec 23, o6& LD (\f&
Crnndl e 2ol
722

> JDEC /&, o6 @ Z:olpm (\/éD.J

5




& . 2t Pyt Lo

W Ll Wil

arA \Q)\,
2435212 s @A~
« Mlelyc
2007 oK 300‘3 2o

L& W+ 3y QMLo«-—-l \

E V\)+33 @ Hls«
.2—(-33 c T:a\{ztlﬁ”\ 4

MEV) 1w 0 Lhe—

L Ws e (nc
f —» SUSY 2) BACKEZINDS L
2 e e, M
ﬁ:ﬂi @ LHC Y
720” 72«9'2 200> V?ol“‘l —
; L
Sus*) 33 BACKGoONNS Yyrzy €NLO
W5y @ [RC
AfTaplr Joc NLO



The
Y
L Ll e
ooy @ S
[AC 3

.>V

Ca
2“.@& Bar
. Den
T’;;\’cz; N a(m @w
D < CSU*UC_US N
D .\:iafél(ﬂ‘“@ .
. e SIA
e Ucb:\
)

. S




ﬁ% PO LA Town (o1 @ oy )

24 Deed (Ocia)
G oNaN ( Thans, (tume SLAC)

Lawce (SAC)

FEC (ton@ USE)

Dagean woede (ton @CEWX
S Hocue @ene SAS)
Hagald 1 (e LK)

DD Kesoner, ( Sactsa )
D Maine (Hee cenn)

Qs C2eal (fene V)




— (Qnm W VCQJZ%
4o T Toms (BDK, Z005)

-OPP (2006 ﬂ
_F. Oqf,L P8k tcu,&gim’f)

- Cour CalSTEOC'm'[?,Lg ‘F’""‘ MUHEEKSJ
(Z@ZJL] G)Mﬂl | k«mh.g) ?oo'-})

Vv, o3 —
_ WP Pl Pt fam bkt
frc- amligbn - (de Lumenens, s )



M/MWLC,//:GAQA. M_ZAL oo s

N e (B Db Do, iy, Gisle, Gk fhaeen
ML&,”(JrC\R&) S{ﬂuf‘ %‘”&J\aﬁ__"s') |
e ol el L Afemsy TM‘Z" g
il bl
by wid Bl e 6ot







_(_.N/A (Ph@.ﬂ):f) =12,
to

=
- 5;3—.-1- gi-]- g.:-—l..+ Co"‘f' C\‘t“' (1"(4'(3%

A
— $ (w)

—



R

. _ zrr(.j/ .
PISCRETE . Fovericn. ~ > T, (to i e o)
“RANSFoRLM ° 2P+ forfy

TR s el o e el
Rresth sntasiteg
_ Yo Ll o wdood Miﬁ@s{ﬁw
e ach-
_ D\:T_— fpmeQJ) A 1[,@[;&& /mwf;uQ
Bl iy T e GBED ) e ol
ol - e ST (et 1) Sl 2o




Rarolh L~ Preces
T I o

S S S
A A A
I - = IS .
physical poles |i . . /l\ . i ’l‘
d a) : (b) r ©)

. (

L
\ o |»° . |z
L e
spurious poles o @
. SRS

4[ T G«& E NT“LC-C&.@Q- ® ¢

?JLQ.CQ_

— BVeNTVALLY VAZANTS ch D-dhon m'C(JIIéf (Gac, \{uusav;aamz)eov,zwg)
WENE AlSo [IMPLeMENTZEN  Fonl PATNAL  PART (aLcUlATONS




The Blok#d Luoes
Toflle Lbaey Cross Sections

"'HUU\ ’{{f;aswk\ ::Efg“’p /
Ly 4 N
/(&5) @M&vmgga'

- Mol M%%’MM%&%&QEP&, %)




'|

.I.Iltl.l.l,

|
. g s st sl sy ) . . .
-16 -14 -12 -10 -8 -6 -4 -2 -16 -14 -12 -10 -8 -6 -4 -2 -16 -14 -12 -10 -8 -6 -4 -2







Wr 3y e No Qcy : Tosfon DI
_

do/dE. [pb/GeV |

T IIIIII|

T IIIIII[

w
Pp = M = Ep

BlackHat+Sherpa

20 40 60 80 100 120 140 160 180 200
rFrrr—r 1ttt 1Tt 1 1t 1T T ]
a W+2jets+ X — LO ]
L NLO .
| \s = 196 TeV = CDFdata _
; EX' > 20Gev, [n] < 2 E

> 20GeV, |n°| < L1
> 30 GeV, M) >20 GeV 3

0.4 [siscone]

L L L 1illl

i
ﬁ:l' 1 Illllll

IIlIlIllIIITIlIIIlTl[

| | | | |
I

CDF/NLO

| L |

I T I ' I

e -
--- LO/NLO [ NLO scale dependence :

% LO scale dependence

IlllllJlIlIllIIIlll]

20

40 60

[
80 100

120

140

[ L
160 180 200

Second Jet E. [ GeV |

“F

do/dE. [pb/GeV |

10°

20 30 40 50 60 70 80 90
T ' I T I T I ' I T I T I T
L i. ) -
[ W+3jets + X —- LO h
g _—*;_ NLO E
- . \s = 1.96 TeV = CDFdata
: ;% E;" > 20GeV, [0] < 2 i
| E; >20GeV, 0] <11 _|
2 £, > 30GeV, M, >20GeV 7
B R = 04 [siscone] ]
L _—l- e
E Mg = W = E;V =
E BlackHat+Sherpa .

A S SN
— --- LO/NLO [ NLO scale dependence - LO scale dependence =
F= CDF/NLO ]
E | ) | | | | | 1 .

20 30 40 50 60 70 80 90

Third Jet E; [ GeV |

vk T CDF AT
(dat phgpor Wempaced @ Towlim



KL 5

44

\)

oL
/

(r

[

O =Wk

1
>
3
P’ 3
‘//\ =10
VA o
J 5
10°
b
A
Js
Ji

0 50 100 150 200 250 300 350 400 450 500
L — E— | T I T I T ‘ T | T | T I T I T
— - W +3jets + X — LO
= - — NLO E
- —a \s = 14Tev ]
. T ]
i I_ |
1
-1

3 i - E
- Mp = He = E:? == ]
- e e -
C | B eev i < ]

E; > 20GeV, || <25 i
= | # > 30Gev, M) > 20Gev 3
L | R = 04 [siscone] BlackHat+Sherpa ]

! : % | ! ' ! I % PR IR

:— --- LO/NLO [ NLO scale dependenc
— 2% LO scale dependen
E
C 1 | 1 1 |
0 50 100 150 200 250 300 350 400 450 500

Second Jet ET [ GeV ]

— A e e
e A the Toolom

‘flxznﬂwe.o,wyc,

[pb/GeV ]

da/dET

]
[

e Scaly - AJMMM ,

0 50 100 150 200 250 300 350 400 450 500

C T I T I T ‘ T [ T | T ‘ T I T I T | T

I W +3jets+X  —- [0

= — NLO 3

E \s = 14 Tev ]

E M = B = ﬁT g

M| &7 > 30Gev. (7] <3 b
Ef > 20GeV, |n°] <25

E | # > 30Gev, M) > 206Gy E

L R = 04 [siscone] BlackHat+Sherpa =

T

[ --- LO/NLO [ NLO scale dependence ]

i % LO scale dependence

c 1 1 | I ! I ! ]

0 50 100 150 200 250 300 350 400 450 500

Second Jet ET [GeV ]






Te2jas)

[ do(W

+#3jets)

do | W

2 T .
8 1sl § ) .
- Wedjes+ X = W W raie
= 16 v o= 14TV
Eld
i
P
=
- O T
g“‘ HlackHat+Sherpa o L .
T T — - . WaleneX  —. 1o
50 100 150 250 00 7
Charged Lepton E, [ GeV | o
5
— 0
g w
o
18
E O —wow
)
! W jeis
[ R
T T T l = |
Positrom [ GeV | |+ 16F
T
' N T T

D4

— Lo (W 3 es+X) /(W 2 RB+X )
—_— NLO: (W' 3 jets e X))/

(W e 2jets e X )

-

W' 2jets # X

.

30
e

LO(p=f,) -

— NLOWp=H,) -

LO(u=p,,

oo W s
— |
f—
"
i ko K. [ GV

T

A
415

| BlackHat+Sherpa
1 | 1

1

50 100

»NLO W3

| .
N T | w .

[T

150 20
Neutrino E, | GeV

250

00

[t

Lo =)

— ML =,

P Y

e

o0 I 2
AN, 3 iy,
3 LO(p=p,, - s )
| oF 4 oy L
5 o
hackHateShea R = af = Lo e
3 = 4
W N A ! ¥ ” { Aot e J IV — - .o
s > [P~ ] N § AL 5 . G woz B % oW
];L 1pmsX  aenn b r - Poswn ¥, [GeV] :
f i . - o r, < L - ¥oiim & SRRy T e
B MW 0 60 W0 D00 130 140 10 IS0 0 | i = e m © T
[ GeV | T [l wenjemsex - e AR 3 N
— - \ -
. ) q - - - b | 4
. [ — cwomao WeljmeX  yrewiw | ]

- [ 15 n . | - r—— r—
~ = WaljmaX .10 ; .« | J =T
=i : - : | :
e T : = 2 -
Ew'b . — wenonn W e X 5 | i - 5
| e ) V= e I | L
o' PR = o 1 BlackHat+Sherym { Ty
= e 5 o ™
5 I — - = w ey an o ot am e
w4 5 =Vl T T ——
|- R X
2 E | Bk HateShorpa A\ . 0) . 00 A N H
T e O
a,




Wp_over__Wm3jLHCHT _central_mu_siscone_PTnu_eb

3.0¢

25

0.5F

0.0 -

T 7 T T N

0.1

0.01

0.001

107

1073

‘160‘III2(‘)0‘I‘I3(‘101
PTnu_e
NLO:  41.452 st. err 1.6308%
NLO lc: 42.0673 st. err 1.5341%

400

LO: 34.9035 st. err 0.993018%

%U" oNe  Pal-ticulip
ISAaue ™Y KePT

PBorho NG !

PTnu_eb

NLO:  27.4903 st. err 1.2902%
NLO lc: 28.1074 st. err 1.1869%
LO: 22.2786 st. err 0.587821%

0.1

0.01

0.001

1074

L 1 L L L L | L L L L | L
100 200 300

400 0

L TR T T TR AN SN SN RN S IS N S ST R N SN SO MU BN SO TR S
50 100 150 200 250 300




A Naw  Dlae2Ano]  EFFeCT
s

2 2003 @ 58 wn (LA)

foce

'I missed this plot completely before,

Hi Lance,

a bit of something that has been bothering me a bit. Figure 20 shows the
ratio of W™+ / W"- over the distribution of the PT of the charged
lepton. I wrote that maybe it goes to 1 due to a PDF effect. But compare

this two:

Wm3jLHCHT _central_mu_siscone_PTe-.pdf

~plots/Wp_over_
Wm3jLHCHT central mu_siscone PTnu_eb.pdf

~[lots/Wp over

I don't understand why the trend is so different. The latter is a similar
plot, but of the neutrino PT. It could be that the difference is coming
due to the constraints on the charged lepton eta cut, but I have not
convinced myself of a reason.

2 Zooh @ 12:33pm CLA)

Hi Fernando,

and there is nothing in the text about it.

last printed version,
as an electroweak polarization effect.

I believe I understand it,

If you were to plot the W E_T the ratio W+/W*- would just keep
{increasing at larger and larger E_T, because x would increase and
‘u(x)/d(x) just keeps getting larger.

But let's assume the W's are

because it was added after my

But

1still being radiated off final state valence quarks (not anti-quarks)
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Standard Model Production Cross Section Measurements
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Collider Phenomenology Today

A personal view...

* Multiple event generation frameworks for ﬁe_neral physics analysis with full NLO
matching (to MEs) and merging (jet multiplicity), realistic signatures

» Standard subtraction methods for NNLO up to 2 - 2 phenomenology
e Major progress in NNLO QCD corrections for 2 2 3 processes

» Several key processes (Hi gs and Drell Yan production) computed to N3LO QCD,
even including differential information

* Wide vlariety of analytic and numerical tools to compute multi-loop master
integrals

* Major progress in our understanding of the analytic structure of scattering
amplitudes in generic QFTs to high perturbative orders

» Spread-out ML algorithms to fully exploit the physics potential of collider datasets
e Robust jet substructure techniques for physics analysis
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