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Heavy Quark Associated production

’ ! ttH
i Yukawa
—————— H coupling
q g S,
Pythia POWHEG (PowHel collaboration) more accurate

for experimental purposes : NLO + PS

M.V. Garzelli fiducial cross sections,
efficiencies +uncertainties for
this channel



Associated VH production

@ DY approach : fully exclusive NNLO calculation

Ferrera, Grazzini, Tramontano (201 )
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ZH @ NNLO M. Grazzini

new studies on tTH and WH using Z+jets as control sample  N. Orlando



gg fusion
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Large QCD corrections : new attempts to approximate N3LO

S. Forte

combination of small x and threshold

combination of threshold + scale dependence A.Lazopoulos



Renormalization
Factorization
Wilson Coefficient

All N3LO logs of scales can be
predicted from NNLO
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@u=m_h all the logs vanish and the partonic XS Di(l — z) = [1ogk(1_z)]
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If NSLO cross section known at one scale
Know full scale dependence

all driven by

A. Lazopoulos renormalization scale



Scale dependence at N3LO

gg channel only, 8 TeV, w=m,
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How large are the ‘regular’ pieces of the N3LO XS?
We can estimate the answer, but to know it we need
to wait for the complete N3LO computation A Lazopoulos

Full N3LO within 1-2 years?



f) d()'had/d\/s (fb)

[fb]

Ohad

H+jet at NNLO R.Boughezal, F.Caola, K.Melnikov, F.Petriello, M.Schulze (2013)

Partonic cross section x luminosity, u = my, jet
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do/dy [pb]
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pp — H + 2jets comparative study

Rapidity of leading jet
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e large differences for predictions and cut efficiencies between generators

® no uncertainties quantified yet



pp — H + 2jets comparative study

Jeppe Andersen, Marek Schonherr

Purpose of this study:

e investigate predictions of modern generators for gluon fusion contribution
to Higgs production in VBF topologies

e quantify perturbative uncertainties
e continue effort started for YR3

Event selection and observables:

o Wiki page linked from Higgs working group page:
http://phystev.in2p3.fr/wiki/2013:groups:sm:higgs:hdijets
= contains agreed upon event selections and observables
= indicate your planned contribution

e study the evolution from dijet selection to VBF selection

e study the effects of different dijet definitions
(leading jet vs. forward-backward)

e standardised Rivet analysis is provided

M. Schonherr, K. Zapp Sherpa MEPS@NLO
J.Andersen, . Smillie HE]

S.Prestel, L.Lonnblad Pythia 8 UNLOPS, H|] POWHEG



Double Higgs production

/ /
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« Lo Direct access to Higgs self-coupling
o LO A
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New : two-loop corrections and NNLO-SV
approximation deF, Mazzitelli (2013)

D.deF.
J. Mazzitelli
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Merging NLO with Parton Showers

» Resummation to NLL accuracy + realistic final states

» Allow to carry NLO precision to all aspects of experimental analysis

» (Formally) Same Logarithmic accuracy but numerical differences
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Reasonable agreement, but non-negligible differences in the spectrum



How to include HQ mass effect?

POWHEG with HQ (t,b,c) masses NLL with HQ (t,b,c) masses

Bagnaschi, Degrassi, S|avich, Vicini Mantler, Wiesemann similar MC@NLO

+ H + H
e 13(dGLONLL/de)/(dGILﬁNLL/de)

i -- htl LHC@8 TeV, my =125 GeV ]
12 0 --t Mg = UR = Qpes =My / 2 _:

1.2

11 |

- 1 b Er et L [ R Y [ [ SA—— -
- = -
| = [
I

41
I

|

09 |

4 | - | ]
|

Myop €xact mass dependence ——— = rfl} |
0.8 F Migp Mpot €Xact mass dependence :”H“ |-
= II—-—-I
— I_I LIII

07 1 1 1 1 1 1 1 1 1 | | | | L . . . . . . . . . . . . . . . . . .

°898888¢8338g¢gggs
- - - - -~ & A A N A & 0 50 100 150 200 250 300
H H
pr (GeV) pr [GeV]

visible effects (depend on implementation)~ TH uncertainty

Several scales in the process M¢, My, Mg, PT M Grazzini

Use different (resummation) scales for b and t LH : NNLL with b



Jet Veto

Fixed order calculations underestimate uncertainties for jet-veto cross section

ST efficiencies
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SCET resummation (F. Tackmann)

“QCD” resummation (P.F. Monni)
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Beware, no bottom mass effects yet (on the way)

FTackmann - PF Monni LH : more detailed comparison between
resummation and uncertainties for jet veto




Interferences

Heavy Higgs analysis

g9 — H — WW/ZZ — (vlv,: H — WW search cuts

g9 (— H) = WW/ZZ — Luply,

o [fb], pp, v/s = 8TeV, My = 600 GeV interference
process H sttshell cont | H s +cCONt| 2 R Ro
gg (— H) = WW 0.3124(3) 0.07607(7)  0.3988(4) | 1.027(2) 1.033(2)
g9 (— H) — WW/ZZ | 0.4460(5) 0.09851(8)  0.5715(6) | 1.050(2) 1.060(2)
g9 (— H) = WW/ZZ — biply,
o [fb], pp, v/s = 8TeV, My = 1000 GeV interference
process H ttsholl cont | Hyts+CONt|2 R Ro
g9 (— H) - WW 0.01287(2) 0.008383(8) 0.02369(2) 1.115(2) 1.189(2)
g9 (— H) = WW/ZZ | 0.01949(2) 0.01265(2)  0.03824(4) | 1.190(2) 1.313(3)

H — WW search cuts: prp > 40GeV, |ny| < 2.5, £, > 25GeV,
M,z > 50 GeV, An,; <1, pr(¢€) > 30GeV, 0.6 My < My < My

Mr = /(Mr.c + Pr)? — (Proee + Br)? With Mg = [p2.,, + M2,

N. Kauer

Light and Heavy Higgs
signal-background interferences




Interferences in WW at NNLO SV approx

Y,

v

i Inl—
0= 0¢ + O'Og—ﬂ_ <8C’A { i zz} + c10(1 — 2) + reg) + h.o.
T

Bulk of the result, universal Process-dependent

A rough estimate: mi, < Q° K mi; ~m; —bCia<cia<b5Cio

The interference K-factor is

very similar to the

, include line-shape effects to produce
(gg) Higgs K-factor final numbers for heavy Higgs interferenc

F. Caola, S. Forte

Fawzi : what is a Heavy Higgs boson now?



Diphoton Interference
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Needs realistic experimental analysis of detector effects (shift)
P. Gras



LH : Accords, Wish-list, Tools, emeere, Joey Huston, Photons !

Reblochonnade

Wiki page linked from Higgs group http://phystev.in2p3.fr/wiki/2013:groups:sm:higgs:photons
>20 people on mailing list, contact Suzanne if you want to participate!

Comparison: GOSAM vs Sherpa/MG/Pythia G.Heinrich, N.Chanon,
vy + njet N.Greiner

MG diphoton +up to 2 jets (1 jet bin)
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1 = MG yr+up to 2jets LO T O R L B L
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25— GoSam+MG NLO cone -
3 GoSam+MG NLO frix ﬂ -

; i

: H :

TITT[IT T T[T [ TroorT T—Mny#uptonetsLO
GoSam+MG LO
2 5_ ﬂ GoSam+MG NLO cone
[ 5‘ GoSam+MG NLO frix
2 _L\—L_ i
1.5 X
1
0.5:
O.-III -1-11111-1111-1-11--1-1111-1111-..- >
DD 1 1D:2 329 3 39 4 49 D

AR(y trall, jet)

GOSAM + PS 2 ¥y + n jet

TTITYTTTTTTT‘[TTTT TTI

— MG yy+up to 2jets LO
GoSam+MG LO
GoSam+MG NLO cone
—— GoSam+MG NLO frix

m

-—
<

rrrmmn

—
<
N

-t
<
w
T Hllll

—_
<
Py
T "llll

-l
<
w
T

10 A lllllllllllllll A

;llllll

0 50 100150200 250 300 350 400 450 500
Pr. et (GEV)

leta_gammal< 2.5

PT_hard > 40 GeV

PT_soft > 30 GeV

100 < Mgg< 160 (diphoton invariant mass)
R_gg > 0.5 (photon separation)

Ptjet>40 GeV (anti-Kt with R=0.4)
R_gammajet>0.4

leta_jetl<2.5

Isolation in dR<0.4: ETiso<0.1*PhotonPt

G.Heinrich



PHOTON ISOLATION

5 7 Standard Photon Isolation ERed(§) < Ehad

Smooth Photon Isolation ~ E}*(§) < EXad — (9)

S.Frixione

¢ no quark-photon collinear divergences <1
¢ no fragmentation component (only direct)

& Direct contribution well defined
& Allows to reach NNLO !!!!

More restrictive than usual cone : lower limit on cross section

Use it as a TH tool, not Experimental!

In real (TH)life... how much different! NLO comparison



Check less inclusive observables: any significant difference!?

Diphoton production +/s = 8 TeV

T

pl*o7t > 30 GeV

plard > 40 GeV

100 GeV < M, <160 GeV

full NLO Cone (DIPHOX) vs Cone with LO fragmentation vs NLO Smooth
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Usually claimed that “fragmentation effects” large at small azimuth

Azimuthal and CosTheta* Distribution

106
1.3
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PRELIMINARY!

Still some statistical fluctuations (short run..)
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Same feature for all distributions
Smooth cone @NLO ~ Cone @ NLO 1-2% level

CosOx*

Cone + LO fragmentation component worse than 5%




Xx(9) = (11—_022?230 Eric: that was proposed because it matches e+e- dynamics

In hadronic collisions better use 2 (cosh(Ay) — cos(Ad)) ~ [(Ay)* + (A¢)?] = r?

phad ~ phad r an Isolation | 37 E7*® < X(r) Tipial (D)
T —= ~1T'max R i | Frixione 2GeV (3 — 5 cos(Zr)) 3760

i | Frixione | 2GeV | (L —lcos(™))™" | 3921
iii | Frixione 2GeV r/R 3769
iv | Frixione 2GeV (r/R)? 3731 |<— FEric
v | Frixione 2GeV (%) 3724
v | Standard 2GeV 1 3731 |«—— Cone

“LH tight photon isolation accord”

* EXP: use (tight) Cone isolation solid and well understood

accurate, better than using

cone with LO fragmentation
Estimate TH isolation uncertainties

using different profiles in smooth cone

* TH: use smooth cone with same R and Etmax

L.Cieri + ALL Define “tight isolation” + conventional parameters



=y

NNLO for signal and background + NLO interference

Use these tools for better understanding of background:
training and test of MVA at particle level

How to!?

2D reweighting of LO/LO+ codes for 2gamma using 2gammaNNLO
L.Cieri, N.Chanon,

2D reweighting of LO/LO+ codes for gamma+h using DIPHOX NLO

S. Gascon-Shotkin

First check reweighting makes sense!



Thanks to the organizers
and participants!

Feliz cumpleanos Aylen



