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WHY NLO?

NLO 1s important because
+# INLO corrections are 1arge in OCD

* NLO corrections significantly affect the shape of
distributions

Automation would help!

+ Tt reduces the scale dependence inherent to
tree-level cross-sections

-+ New production channels open at NLO

‘# Accurate theoretical prediction are necessary for the search of signals events in
large background samples.

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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WHY AUTOMATION?

+ Save time
Trade time spent on computing a process with tune on
studying the phyoics behind it.
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WHY AUTOMATION?

+ Save time
Trade time spent on computing a process with tune on
studying the physics bebhind tt.

+ Avoid bugs
Having a trusted program extensively checked once and for
all, eliminates obvious bugs when running Jifferent processes.
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WHY AUTOMATION?

+ Save time
Trade time spent on computing a process with tune on
studying the physics bebhind tt.

+ Avoid bugs
Having a trusted program extensively checked once and for
all, eliminates obvious bugs when running Jifferent processes.

+ Use of the same framework for all processes

[t only requires to know how to efficiently use one single
program to do all NLO phenomenology.

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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# Flexible tools for NLLO predictions do not exist:

& MCEM [Campbell 3 Ellis 5 ..] has 1t available almost all relevant process for
background studies at the Tevatron and LHC, but gives only fixed-order,
parton-level results

& MC@NLO [Frivione 3 Webber ... has matching to the parton shower to describe
fully exclusive final states, but the list of available processes 1s relatively
short

-+ POWHEG BOX [Navwon et al] provides a framework to match any existing
parton level NLO computation to a parton shower. However, the NLO
computation 1s not automated and some work by the user is needed to
implement a new process

2 Idea: write an automatic tool that 1s flexible and allows for any process to be
computed at NLO accuracy, including matching to the parton shower to

deliver events ready for experimentalists = aMC@NLO

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 5
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W37 AT TEVATRON
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Having NLO computations by default

lead to more conclusive observations.
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Valentin Hirschi, 28 septembre 2011

CDF observes 3-0 deviation to the SM signal.

+ New Physics, stat. fluctuations?

-+ Unreliable prediction?

= W4jets treated at LO !
w Mistreatment of background?

] L} L L} L) I

—— Bkg Sub Data (4.3 fo'')|

WW+WZ (all bkg syst.)| _
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arXiv:1104.0699v1 M, [GeV/c?]

RADCOR 2011

Wednesday, September 28, 2011



-+ Mad

com]

Motivations - aMC@NLO - MadlLoop - Results - Final word

FKS, build on MadGraph, computes all contributions to a NLO

butation, except for the finite part of the virtual amplitude

-+ Mad

[Loop computes the virtual corrections to any process in the SM

using the OPP method as implemented in CutTools

+ Combine MadFKS and Madl.oop to get any distribution/cross

section at (parton-level) NLO accuracy

-+ Add

terms to remove double counting when matching to the parton

shower: aMC@NLO

+ Shower the generated events using Herwig or Pythia to get fully

exclusive predictions at NLO accuracy (for IR-safe observables).

Valentin Hirschi, 28

arXiv:1104.0699v1
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NLO BASICS

NLO contributions have two parts
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NLO BASICS

NLO contributions have two parts

ONLO = / d DoV 1

Virtual part
+ Used to be bottleneck of NLO computations

+ Algorithms for automation known in principle
but not yet efhiciently implemented

+ This work brings automation using MadGraph
and CutTools interfaced through Madl.oop.

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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NLO BASICS

NLO contributions have two parts

_NLO _ / Ve / 4D R
m m-+1

Virtual part Real emission part
+ Used to be bottleneck of NLO computations + Automated for different methods
+ Algorithms for automation known in principle + Challenge 1s the systematic
but not yet efficiently implemented extraction of singularities

+ This work brings automation using MadGraph -+ MadFKS using the FKS

and CutTools interfaced through Madl.oop. subtraction method successfully
implemented on MGv4
Valentin Hirschi, 28 septembre 2011 RADCOR 2011 8
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NLO BASICS

NLO contributions have two parts

SNEOS / d DoV 1 / d @D B / J(4) ;B
™m m—+1 ™m
Virtual part Real emission part
+ Used to be bottleneck of NLO computations + Automated for different methods
+ Algorithms for automation known in principle + Challenge 1s the systematic
but not yet efficiently implemented extraction of singularities

+ This work brings automation using MadGraph -+ MadFKS using the FKS

and CutTools interfaced through Madl.oop. subtraction method successfully
implemented on MGv4
Valentin Hirschi, 28 septembre 2011 RADCOR 2011 8
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SUBTRACTION TERMS

IR divergences are dealt with using subtraction terms

oNLO _ / dDgV 1 / dDgh / d¥ 5B
m m-+1 m

S,

oNLO :/ {d(@aB —I—/d(d)av —I—/d(d)aA} +/ {d(@aR —d(4)aA]
m [ 1 m—+1

* Fach integral 1s finite.

* The only missing input required from MadFFKS 1s the fundte
part of the virtual amplitude.

-+ This 1s the part Madl.oop provides!

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 9
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MADFKS

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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MADFKS

PHASE-SPACE: DIVIDE AND CONQUER

-* Real emission part : g — \M e ’2d¢n—|—1

E;

g 1 1 R

+ |M"™? diverges as 5 with V'3
X k= Yij Y = casie

+ Divide phase-space so that each partition has at most one
soft and one collinear singularity

o b Z Sig| M2 [ ddn. Z Sij =1
]

o o

tJ

-+ Use plus distribution to /d (1
X

X)+f(x) i

Jod AL
X

regulate the singularities

: 1 1 n
dirf= . ( ) ( ) X (1 = 935) S5\ M"™ " [ dpna
+ +

Xi 1 — yij
e X Yiy

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 11
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FKS vs CS DIPOLES

NZ VS N3

+ CS uses soft singularities to organize the subtractions :

=, Three-body kernels, so naive n° scaling

=> Each subtraction term has a different kinematics

=> All subtraction terms must be subtracted to M (™)

-+ MadFKS, based on the collinear structures :

=2 The majority of the subtractions can be grouped together.
Ex: The 2 = N gluons process as 3 subtractions VIN

=>» Soft and collinear counter-terms can be defined as to have

the same kinematics so that the subtraction term 1s unique.

=2 The collinear structure is better suited to existing

formalisms for NILO parton shower matching.

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 12
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MADLOOP

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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MADGRAPH

THE EVOLUTIVE WAY OF COMPUTING TREE-DIAGRAMS

+ First generates all tree-level Feynman Diagrams

+ Compute the amplitude of each diagram using a

chain of calls to HEILAS subroutines

e q

O [])31 03, ‘1;(4)]

JIOW (1), W (2), aw, W(3)

IOV W (5), W(4), W(3), aw, Res|

Ips, 04, W(5)]

C+

+ Finally square all the related amplitude with their
right color factors to construct the full LO amplitude

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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CUT-LOOP DIAGRAMS

WITH A SPECIFIC EXAMPLE

Consider ete™ = v — uu

+ Loop particles are denoted with a star. When MG 1s asked

for e™

e — uutuuit gives back eight diagrams. Two of them are:

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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CUT-LOOP DIAGRAMS

WITH A SPECIFIC EXAMPLE

Consider ete™ = v — uu

+ Loop particles are denoted with a star. When MG 1s asked
for ete™ — u*@*uu it gives back eight diagrams. Two of them are:

1
+ Selection 1s performed to keep

: 1 >
only one cut-diagram per loop
contributing in the process =
2 6
2
1
1 5
2 6
2
Valentin Hirschi, 28 septembre 2011 RADCOR 2011 15
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CUT-LOOP DIAGRAMS

WITH A SPECIFIC EXAMPLE

Consider ete™ = v — uu

+ Loop particles are denoted with a star. When MG 1s asked
foreTe — wrutuu it gives back eight diagrams. Two of them are:
1
+ Selection 1s performed to keep

5
only one cut-diagram per loop
contributing in the process
+ Tags are associated to each 50
cut-diagram. Those whose tags $
are mirror and/or cyclic
permutations of tags of diagram
already in the loop-basis are ] 5
taken out.
2 6
2
graph 3 5
Diag 3 = [u”(A)u"(6)g"(5)]
Valentin Hirschi, 28 septembre 2011 RADCOR 2011 15
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CUT-LOOP DIAGRAMS

WITH A SPECIFIC EXAMPLE

Consider ete™ = v — uu

+ LLoop particles are denoted with a star. When MG is asked
for ete™ — u*@*uu it gives back eight diagrams. Two of them are:

1
+ Selection 1s performed to keep

only one cut-diagram per loop
contributing in the process

+ Tags are associated to each
cut-diagram. Those whose tags
are mirror and/or cyclic

permutations of tags of diagram
already in the loop-basis are
taken out.

+ Additional custom filter to
eliminate tadpoles and bubbles
attached to external legs. e 5

Diag 5 = [u”(A)u”(6)g" (5)]

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 15
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@ =q+q (¢-9) = N(q)
Dz:(q_+pz)2_mza po # 0

/ d gV = / dl4te (A(q‘) +A(q))

A@) = DlN(Q)D - (4@ - r2)

R2 can be obtained with a tree-level-like
computation with special Feynman-Rules.

Evaluation of N(g) for different specific ¢’s allows
to algebraically obtain the coetficients a, 4, ¢ and d

Reconstruction of the ¢ dependance of the
numerator gives the cut-constructible part R1 of
the finite part of the virtual amplitude

Valentin Hirschi, 28 septembre 2011

-+ CutTools uses the OPP method for loop reduction at the integrand level

m—1 m—1

e [d(ioilz’gig) + d(q; ioiligig)} By
10<11<12<13 i#io il,’ig,’ig
m—1 m—1
Z lc(ioi1iz) + ¢(q; ioi192)] H D,
10 <t1<ig 1#£10,%81,12
m—1
Z {b(’b()ll) q, ’1,07,1 } H D
10<11 71?5710 11
m—1 m=—1
" [alio) + a(g;io)] [] D

e i£ig
P(q) H D;
Finite part = R1 + R2

RADCOR 2011 16
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MADLOOP

FIGHTING EXCEPTIONAL PHASE SPACE POINTS

+ CutTools can asses the numerical stability of the computation of a loop by

w By sending m; — m; + M?, CT has an independent reconstruction of the
numerator and can check if both match.

w CT ask MadlLoop to evaluate the integrand at a given loop momentum and
check if the result is close enough to the one from the reconstructed integrand.

* When an EPS occurs, MadLoop tries to cure it:
w Check if Ward Identities hold at a satisfactory level
w Shift the PS point by rescaling momenta : & = (1 + A1)k}

w Provide an estimate of the virtual for the original PS point with uncertainty:

VFIN

B LN *8 e, 1 FIN FIN e AN o B TN FIN born |2
Uiy |Ab0rn il (UA+ S A = vy, Ux_ ‘A (c+ A)

w [f nothing works, then use the median of the results of the last 100 stable points

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 17
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LOCAL CHECKS

YOU DON’T WANT THE EXHAUSTIVE LIST...

ut - W W~bb MabLoor Ref. [33]
ap 2.338047209268890E-008 2.338047130649064E-008
C.2 -2.493920703542680E-007 -2.493916939359002E-007
iy -4 .885901939046758E-007 -4.885901774740355E-007
(¥} -2.775800623041098E-007 -2.775787767591390E-007
g9 — W*Wbb
ap 1.549795815702494E-008 1.549794572435312E-008
Cc.2 -2.686312747217639E-007 -2.686310592221201E-007
Cc_1 -6.078687041491385E-007 -6.078682316434646E-007
(¥} -5.519004042667462E-007 -5.519004727276688E-007

Ref. [33]1 : A. van Hameren et al.

+ The numerics are pin-point on analytical

data, even with several mass scales.

+ Analytic computations from an independent

implementation of the helicity amplitudes

by J.J van der Byj et al.

Valentin Hirschi, 28 septembre 2011

+ We believe the code is very robust - e.g.,

1.2x10™¢

1x10 [
8x10°° [

6x107° i

4x10°°

2x10°°

MadLoop helped spot mistakes in published
loop computations (Zjj , Wtw*j; )

T
gg -> Zq (axial contributions only)

=0 MadLoop e
Analytic JF R I

|
:
i
:
r-
p

RADCOR 2011 18
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INTEGRATED RESULTS

Process I ny Cross section (pb)
e LO NLO
+ Running time: Two weeks
on a + node cluster a2 pp—tj Miop 5 34.78 £ 0.03 41.03 £0.07
. R £77 ’” 0 11.851 £0.006 13.71 £0.02
+ Proof of efficient EPS e T e X St :
: : & a4 pp—tbj Miop/4 4 25.62 +0.01 30.96 = 0.06
handling with Ztt a5 pp—sihii e ol 8.195 + 0.002 8.91 +0.01
b.l pp—= (W™ =)e v, my 5 5072.5+29 6146.2 £ 9.8
-+ Successful cross-check b2 pp— (W~ —3)ev, j M 5 828.4+0.8 1065.3+ 1.8
: . ¥~ e : 5 208.8 £+ 0. 300.3 £0.6
against known results ) o ) ik A
b.4 »(v*/Z =)e’e myz ) 1007.0 0.1 1170.0+ 2.4
. b.5 pp—>( " [Z —=)e" e j my 5 156.11 +0.03 203.0£0.2
o, X
Large K factors sometimes b6 pp—=(v/Z=)e"e i) my 5 54.24 £0.02 56.69 £0.07
+ No cuts on b, robust el pp—= (W~ o)e*vdd  mw+2m, 4 11.557 0.005 22.95 +0.07
. th ll P c.2 — (W™ =)e* vt my +2m,, 5 0.009415 4+ 0.000003 0.01159 4 0.00001
L8R TSI LS WANEE o0t 20k se c.3 pp—}(' /Z 3)ete bb  my+2m, 4 9.439 + 0.004 15.31 0.03
cd pp—o(v/Z-=)eett mz+2my, 5 0.0035131 £0.0000004 0.004876 £0.000002
e5 pp—snth Mo 5 0.2906 + 0.0001 0.4169  0.0003
d.l pp—-W'W 2my 4 29.976 + 0.004 43.92 £+ 0.03
d2 p-W'W 2my 4 11.613 £ 0.002 15.174 £0.008
d3 pp-W'W~j; 2my 4 0.07048 £ 0.00004 0.1377 £ 0.0005
el pp—HW" Wiw L Vi A5 0.3428 + 0.0003 0.4455  0.0003
e2 pp— HW™j M M 0.1223 + 0.0001 0.1501 £ 0.0002
e pp—oHZ my + mjy 5 0.2781 £ 0.0001 0.3659 = 0.0002
ed o HZj thy LAY S 0.0988  0.0001 0.1237 £ 0.0001
e5 pp— Htt Miop+my 5 0.08896£0.00001  0.09869 £ 0.00003
eb pp— Hbb my +my 4 0.16510 £ 0.00009 0.2099 £ 0.0006
e7 pp—Hjj mij 5 1.104 £0.002 1.036 £ 0.002
Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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| Zorreell, RF ¢5 Frixone |
dO—lE/IHC)@NLO % dgbn—l—l (M(T)(an—kl) i M(MC)(¢n+1>)
dOEE&Sc):@NLo — / d¢n_|_1 (M(b+v+rem)(¢n) i M(c.t.)(¢n+1) _I_M(MC)(¢n+1)>
+1

+ In black: pure NLO, fully tested in Mad FKS

#+ In red: MC counter terms have been implemented for Herwigb6,

Pythia and Herwig++ (but only tully tested for Herwig)

+ FKS subtraction 1s based on a collinear picture, so are the MC
counter terms: branching structure 1s for free

+ Automatic determination of color partners

+ Works also when MC-ing over helicities

Valentin Hirschi, 28 septembre 2011 RADCOR 2011 20
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DISTRIBUTIONS

FULL MACHINERY AT WORK

+ Case study of [H/A|tt with starring actors: ( but also [W/Z/v]bb and Wjj to come)
MGv4, CT, MadFKS, MadlL.oop and aMC@NLO interfaced to Herwigt !

lo 2 ET 3 |  F il . | T T TR | b el T .- ' w3 i A F l """""" I 1 L4
End) ] sl e e ' .
" 6\\-\_‘\ ] r r‘_'_,r-"'—- y g T,'_‘\—-._\_‘_‘ d
I ‘P .__rfrrr- LN T * .1'—1 5
lo—s ‘E_ "_’_. it e H_l o
-3 2 F P 1] ‘{_H :
107 e Y 8 - el J
r ;.: h. “1. r ; o L‘ ol
8 ol A 2 B \‘ 7
B B B , :
&, - \L“« ‘ 1 & E Ll
© i L'—‘L( © 10—3 5 ?
1074 X '&H o | _ ,‘: 1
WLL-LQ_'D,-L_!{ ] 10— 8 5 L
il : 5 l]
lo—5 P2 godt g g oy g1y 1 ‘ ghty g5y l Fie 0 grovy I 1 10_7 B i - - l 4 1 i i 1 d L l 1o
400 800 BOO 1000 1200 0 1 . 2 3
M(tt) (GeV) log o[ Pr(ttH /GeV)]

Solid: aMC@NLO scalar. Dashed: aMC@NLO pseudoscalar
Dotted: NLO scalar. Dotdashed: NLO pseudoscalar

Left: ¢f invariant mass.  Right: ttH p.,

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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AMC@NLO

TOWARDS FULL AUTOMATION

architecture: MG V4 _

¢ Simple Call
MGA SM [LesHouches

MadLoop
—
interface MG4 SM

MadFKS

MC counter-terms

Herwig

or

Pythia

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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AMC@NLO

FULL AUTOMATION

architecture: MG V5

FeynRules

UFO | format

8=

independent

Valentin Hirschi, 28 septembre 2011

Pythia

RADCOR 2011

Ready for

Experimentalists |
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Valentin Hirschi, 19 September 2011
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MADLOOP V4 TO V5

GREAT IMPROVEMENTS

V' = non-optimal | ¥ = done optimally | X = not done | X = not done YET

~

Task MadLoop V4 | MadlLoop V5
Generation of [.-Cut diagrams, loop-basis selection v - N A

Drawing of Loop diagrams X v
Full SM implementation v X
Counter-term (UV/R2) diagrams generation v - v
Complex mass scheme and massive bosons in the loop X X
Color Factor computation v - v
File output v -- v

4-gluon R2 computation X Ve snllmee il
Virtual squared V- X
Decay Chains X X
EPS handling Y (no mp) X
Sanity checks (Ward, €2) v X
Mixed order perturbation (generation level) X v
Automatic loop-model creation X X
Symmetry factor automatic computation X X

MadGraph Workshop 2011 @ Academia Belgica, Rome

24
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LOOP-CUT DIAGRAMS

+ How faster are they generated?

Valentin Hirschi, 19 September 2011 MadGraph Workshop 2011 @ Academia Belgica, Rome
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LOOP-CUT DIAGRAMS

+ How faster are they generated?

Process Generation time! | Output size? | Compilation time® | Running time*
d d~ > u u~ 8.750 s 5.378s |200Kb|268 Kb | 0.931s | 2.996s | 0.0088s | 0.0094 s
d dv >dd~ g 17.04 s 104.8s | 124 Kb |1.7Mb | 4.799s | 19.181s | 0.64s 0.74 s
ddv >dd~uu~| 22505 2094s |232Kb|3.3Mb | 37.756s | 45.02s 1.93 s 2.34 s
g 8>888E8 2277 s X 25 Mb X T e X P B X

Valentin Hirschi, 19 September 2011

I': Process generated in a massless ng=2 QCD model with reduced particle content.
2: Of the equivalent matrix.f file. “: Per PS points, computed over 1000 PS points.
: In MG), no smart line-breaks for the JAMP definition. MG56@NLO = ¢, MadLoop = ¢

MadGraph Workshop 2011 @ Academia Belgica, Rome
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LOOP-CUT DIAGRAMS

+ How faster are they generated?

1 3

4

Process Generation time! | Output size? | Compilation time

Running time

d d~ > u u~ 8.750 s 5.378s |200Kb|268 Kb | 0.931s | 2.996s | 0.0088s | 0.0094 s

d dv >dd~ g 17.04 s 1048s |[124Kb|1.7Mb| 4.799s | 19.181s | 0.64s 0.74 s

ddv>dd~uu~| 2250s 2094s |232 Kb |3.3Mb| 37.75s 45.02 s 1.93 s 2.34 s
e R DB 2277 s X 25 Mb O R X SOT OIS X

I': Process generated in a massless ng=2 QCD model with reduced particle content.
2: Of the equivalent matrix.f file. “: Per PS points, computed over 1000 PS points.
: In MG5, no smart line-breaks for the JAMP definition. MG56@NLO = ¢, MadLoop = ¢

+ Why ?

+ The MGb from_group algorithm 1s already much faster for tree-level diagrams.
-+ It 1s modified so that bubbles and tadpoles are not generated.

+ When generating diagrams for a given [.-Cut particle, all previously considered
[-Cut particles are vetoed from being loop-lines.

Valentin Hirschi, 19 September 2011 MadGraph Workshop 2011 @ Academia Belgica, Rome
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FINAL WORD

FULL AUTOMATION IS AT THE DOOR

# aMC@NLO shows that an experimental analysis fully at NLO

done without theory support 1s

not science fiction any more !

-+ First fully working loop model in MG5: N¢ = 2 massless QCD

-+ Have a look at our website! htt

b://amcatnlo.cern.ch/, where you will find :

‘# NLO event samples to be showered by the user

‘# On-line running of validated aMC@NLO code for specific proc. (soon)

‘# On-line running of MadLoop for a single phase-space point check.

Valentin Hirschi, 28 septembre 2011
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THANKS

Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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ADDITIONAL SLIDES
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HIGGS PRODUCTION

gg Fusion

+ Gluon fusion exclusively loop induce!

tt Fusion

2

R e e it RoL TG LA 1T i Uy P TR L (N S S RORE GO 3 Moamtti® sl ) //
-+ Stll vVery relevant compared to other
production channels.
g
L S S —— Higgs-Strahlung
o(pp —H+X) q 3
v =14TeV
10 gg —sH m, =175 GeV W -./
CTEQ4M -
-
B : o
1 . qa —=H4a = '
© 0! e W S ‘H
1072 e e : '§ : 2
00T ¢ But consider H — bb and
3 M. Spira et al. qa.aa \f e T ) i S 8
10 ng Qc:) LG—sHbL e P i compare to orLuc(bb) = O(10° [pb]) |
e, 4q Z
B o i peibaacneynil povepe e 3 o B Ty vy (Y SRRl e - < 5
- e o ot oo o So accurate estlmatlo.n of .
g e T background process is crucial.
Valentin Hirschi, 28 septembre 2011 RADCOR 2011
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MADLOOP IN MG4

WHAT IT COULD NOT DO

v’ No four-gluon vertex at born level :

Hia:, - M2,
"{.:‘-'()0 éﬁﬁj& ——4 iQ‘i*Nfﬁ.Dt Z 50102 (5030-1 + 5(]10:5 5(2.'.(]2‘- + 601(}( 50‘,5'&3
;{%ﬁfa 9672 o b 4 'Tcol
4';{.7'3 - _)',.}ﬁ P !_ 234 ,"
TR T = an : : g0
4 4 T (2149340242 4 $01451492495) (3 + Ay )
= Tr({E 2]t }) (5 + 2010) | GG
9 ‘Nf Top (81§02 405 40 3
il ,\—7_1 r(t | 2 ) §9#1#:59u2u~: — GuipaGusps — Quopes Gy pg
- Co L8

v All born contribution must factorize the same power of all coupling orders.

v No finite-width effects of unstable massive particles also appearing in the loop.
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SET-UP

A

% Three scenarios

) scalar Higgs H, with mpy = 120 GeV

1) pseudo-scalar Higgs A, with ma = 120 GeV
[IT) pseudo-scalar Higgs A, with ma = 40 GeV

% SM-like Yukawa coupling, yt/\/ 2=-mv

1

2 : * . . _ L t t H/A 3
% Renormalization and factorization scales Ur = Ur = (meTmT )

with mp = /m2 + p2 and m?* = mM5 = 172.5 GeV
T i ¢

% Note: hirst time that pp = ttA has been computed beyond LO

Rikkert Frederix, May 5, 2011 51
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IMPACT OF THE SHOWER

Al

% Three particle transverse
momentum, pt(H/A t tbar), 1s
obviously sensitive to the
impact of the parton shower

\V/
I\

Infrared sensitive observable at

the pure-NLO level for pr = 0

Al
Z\\

\V/
[\

Al
Z\

aMC@NLO displays the usual

Sudakov suppression

\V/
7\

Al
S

2

At large pt1’s the two
descriptions coincide in shape

and rate

Rikkert Frederix, May 5, 2011

10~ 9

10~ 6

Dashed: NLO, Solid: aMC@NLO

|I||IIIIII

aMC@NLO

S H 120 3
=== A 40 :
~ . T A 120 A
_LLL‘ 11
(. L

| | | | | 3
o per bin [pb] at LHC 7 TeV]

I
J
[ |||||||

(@]

2 3

logo[pr/GeV]
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HIGGS P

A

3% Transverse momentum of the

. 107R = —
nggs boson 5 o per bin [pb] at LHC 7 TeV —

¢ Lower panels show the ratio 10~3 H 120 3
. 5 ]
with LO (dashed), NLO 3

(solid) and aMC@LO (dotted) 107*

aMC@NLO
% Corrections are small and o) ATEPREN AP R e, |
fairly constant ik '
0.8
% At large pr, scalar and pseudo- ¥ | T 1=
scalar production coincide: 0.8
5 . 1.4
1.2
boosted Higgs scenario i S
[Butterworth et al., Plehn et al.] ShOllld 06, . . . 1 . L1 L1 L1 1
0 100 200 300 400 500 600

work equally well for pseudo-
scalar Higgs

Rikkert Frederix, May 5, 2011 53
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BOOSTED HIGGS

¢ Boosted Higgs: 1078 ¢ 5
pTH/A > 200 GeV 5;— :TEZI; 123(1)1(1) [(f:\) at LHC 7 TeV_;
% Transverse momentum of o 42 B e
the top quark i: Al20
¢ Lower panels show the ratio 2 aMCGRLO =
with LO (dashed), NLO 10?3;:”"|”" B —
(solid) and aMC@LO é§ ﬂ o TR EASE T_[Lf}ﬂ_r :
(dotted) (AET AT e L o
08 = Rl L
s Corrections compared to ?‘2 o e - 'ﬂ_ - T LI;'IE —
(MC@)LO are significant ég | | Tj'l e ”I' 11 Ll
and cannot be approximated o 100 =200 300 400 —

by a constant K-factor
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TTH DECAYED

Dashed: aMC@I1.O, Solid: aMC@NILO

200

-2 [ —
10 - aMC@NLO o per bin [pb| at LHC 7 TeV 3
| P 3
S H 120 no cuts, def. a —
no cuts, def. b -
pr>200 GeV, def. a -
1073 |
51— -
1074 |, _
- T 3
5 — —
1075 —
o I:I 1 1 1 | 1 1 1 1 ]

0 50 100 150

mpgp [GeV]

tagging ethciency)

a) hardest pair in the event

b) decay products of the Higgs (uses MC truth)

R

Higgs decay

Rikkert Frederix, May 5, 2011

107° L

10793 L

1074

1075 L

aMC@NLO

o per bin [pb] at LHC 7 TeV-
H 120

no cuts, def. a
no cuts, def. b
pr >200 GeV, def. a

ARgg

% Two definitions of the B hadron pair in these plots (assuming 100% b-

% A cut on the pr of the Higgs improves the selection of B hadrons from the
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