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Motivation
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Two-loop light fermion corrections to
Higgs production and decays

Alessandro Vicini

Universita degli Studi di Milano and
INFN - Sezione di Milano
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The gluon fusion process:

NNLO QCD (large m,)
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pp-~H+X  LHC
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NLO EW correction at most 4%
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2-loop EW light fermion corrections
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Higgs boson di-photon signal at the LHC':
realistic K -factors through NNLO 1n pQCD

Kirill Melnikow

University of Hawaii at Manoa

Existence proof: first NNLO calculation of the fully differential cross-section for any
process at hadron colliders;

Scott Willenbrock - TeVALHC@BNL

13



Results: Higgs rapidity distribution
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® NNLO corrections important, but things do look convergent;
® Improved stability w.rt. scale variations;

® Insignificant rapidity dependence of the K-factor.
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Results: Higgs rapidity distribution and the jet veto
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Relevant for heavier Higgs discovery ( H — WW — lviv);
Only events with pi < 40 GeV are accepted <= cuts away pp — tf background,;
Smaller K -factors, compared to inclusive case;

ptl increases from NLO to NNLO (p?"""° = 37.6 Gev, pt"™""tC = 44.6 GeV ;
hence, larger fraction of the NNLO cross-section is removed.
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Results: realistic di-photon cross-sections
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. pl’l > 40 GeV and 3}1‘2 > 25 GeV; |7 1(2) < 2.5,
® |solation cut: E'ffdl' < 15 GeV for R < 0.4.
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Results: realistic di-photon signal

® s it sufficient to know only inclusive K -factors?

AT cu inc -(2 -(2
mp, GeV | o¥NLo/PNNLo ﬁéuix"ﬁi{ncj
110 0.559 0.93
115 0.589 0.95
120 0.601 0.95 K(2) — ZNNLO
THNLO
125 0.632 0.98 o= %
130 0.669 1.00
135 0.668 1.00

® The ratio of inclusive to "cut" K-factors is the best guess for the NNLO differential
cross-section if only inclusive NNLO K -factor and the differential NLO
cross-section were available.

®  The heavier the Higgs, the smaller the impact of the cuts on the K factor is.
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Conclusions

® New method for NNLO calculations (real radiation) in QCD; applicable to many
phenomenologicaly relevant processes;

® Existence proof: first NNLO calculation of the fully differential cross-section for any
process at hadron colliders;

® Complete control over the kinematics of the final states allows arbitrary cuts to be
imposed;

® State-of-the-art calculation of the Higgs signal in the di-photon channel for the

LHC;
®* We plan to extend FEHIP to include H — W+W— and H — Z Z decays in the
future. http:/’Aww.phys_ hawaii.edu/ kirilllFEHIF. htm

*® We hope FEHIP will be useful in devising strategies to enhance the signal to
background ratio and facilitate the Higgs boson discovery.
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MSSM Higgs Sector
with CP Violation

Marcela Carena
Fermilab
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Motivation for CP-Violation in SUSY Models

In low energy SUSY, there are extra CP-violating phases beyond the CKM
ones, associated with complex SUSY breaking parameters.

One of the most important consequences of CP-violation is its possible
impact on the explanation of the matter-antimatter asymmetry.

Electroweak baryogenesis may be realized even in the simplest SUSY
extension of the SM, but demands new sources of CP-violation associated
with the third generation sector and/or the gaugino-Higgsino sector.

CP-violation in the Higgs sector appears at the loop-level, but can still
have important consequences for Higgs physics
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Light Higgs Boson H,

30 fb-1 ATLAS preliminary CPx scenario 300 Fb-1

CPX scenario
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~border of discovery region at low tanb mostly determined
by availability of inputs (VBF >110 GeV, ttH and yy > 70 GeV)

~border at low M,,, due to decoupling of H, from W,Z and t

»for VBF channels: assume same efficiencies for
contribution of CP even and CP odd states (needs to be checked)

~ for ttH: efficiencies for CP even and odd bosons are the same

M. Schumacher, SUSY 04
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Tevatron/LHC

Looking for H, - H, H,

Standard signatures not sufficient to probe the presence of Higgs
bosons decaying into lighter Higgs states.

Lighter states have weak couplings to the weak gauge bosons, but
large couplings to third generation down quarks and leptons.

Possibility of looking for two taus and two bottoms (jets) signatures

at LHC in the weak boson fusion production channel of two CP-odd
like Higgs bosons. (J. Gunion et al. with 300 inverse fb at the LHC)

e Encourage the study of gg — Hs. ttHa. W /Z Ho and WW /ZZ H»

with subsequent decay Ho — H1 Hj. using the extra leptons from W /Z’s.
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CPsuper

Code to compute Higgs spectrum, couplings and decay modes in
the presence of CP-violation

Lee, Pilaftsis, M.C_, Choi, Drees, Ellis, Lee Wagner.'03

CP-conserving case: Set phases to zero. Similar to HDECAY, but
with the advantage that charged and neutral sector treated with

same rate of accuracy.

Combines calculation of masses and mixings by M.C., Ellis,
Pilaftsis, Wagner. with analysis of decays by Choi, Drees, Hagiwara,
Lee and Song.

Available at

http://theory.ph.man.ac.uk/~jslee/CPsuperH.htmi
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Prospects for the Search
for a Doubly Charged Higgs
with ATLAS

Kamal Benslama
Columbia University
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Physics Motivation

L-R symmetric model would be a natural extension of the SM

» SUQ2), x SUQ)g x U1y

» predicts new fermions:
heavy Majorana neutrino

» predicts new gauge bosons:
Wz

» predicts new Higgs sector

Ap= (Ap> Aps AR

A, = (A}, A:, A7) (if Lagrangian is invariant under L <> R symmetry)

L

Scott Willenbrock - TeVALHC@BNL
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_ AT = [T

Signal : consider A7" — /£"¢"  _onlyeor
( cannot decay to quark pair because of charge conservation)

Backgrounds : Wtt, W'W*(QCD), WW*(EW), WZqyq, t
N

erp =2 Main background

Ag, >2.5 d q
AP}F — f(Mgg)

Forward jets tagging: 1
E_j1>200 GeV, E_j1>200 GeV (]
well separated in eta —

Missing transverse momentum cut
Scott Willenbrock - TeVALHC@BNL
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Results
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(a) 100 fb-1
(b) 300 fb-1

Full = 3 leptons are
observed

Dashed =4 leptons are
observed

S00 I
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Robust Vertex Reconstruction
in Heavy Flavor Events

Ariel Schwartzman
Princeton University
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e Standard methods for primary vertex reconstruction:

- Biased by the presence of secondary vertex tracks. Square
cuts designed to reject outliers have the effect of reducing
the vertex resolution by removing true primary vertex
tracks.

* The Adaptive Fitter:

— Robust, iterative Kalman Filter. Secondary vertex tracks
are down-weighted, depending on the x* contribution to
the vertex and the presence of all other neighbor tracks. All
tracks are considered in the fit.

Adaptive algorithm down-weights SV tracks from small decay length vertices.

Scott Willenbrock - TeVALHC@BNL

31



Adaptive Primary Vertex Performance (I)
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e Multiplicity = 18.7 Zbb simulated events
* Resolution = 3.8 um. Resolution improvement: 18.3um [3.8um
* Pull = 1.04. Pull improvement: 1.43 [.04
* Tails = 7.9% Tails improvement: 48.2% 1.9%

Resolution = X(reco) - X(true) Pull = ( X(reco) — X(true) | /
SigmaX(reco)
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Secondary Vertex Performance
using Adaptive Primary Vertexing
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New Adaptive PV allows a
better separation between
primary and secondary
vertices.

At a same mistag rate,
secondary vertex b-tagging
efficiency in the simulation
is improved.

Further improvement
expected by using SV
adaptive fitting.
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Improving Calorimeter Jet
Reconstruction Using
Tracks and Vertices

Ariel Schwartzman
Princeton University
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Jet Multiplicity at High Luminosity

[

W+ 1 jet data events

=3
=]

Average Jet multiplicity
~J @

=
=]

e

=
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1 I 111 II Ll i L1l ill 11 I | Ii Ll I 1111 I | I Ll
1 45 2 25 3 35 4 45 5 55
Vertex multiplicity

.
ol

» Average jet multiplicity increases with number of primary vertices.
* Jet kinematics is distorted at low pT (extra low-pT jets)

— Additional minimum bias interactions can give rise to extra jets.
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Jet-Vertex Identification

CPFivtx1) =t
CPFivtx2) = 1-1

CPFivix 1) =0
CPF(vix2) =1

Z

-

vix | Vix 2

associate jet j to the vertex i for which CPF{jet , vtx) 1S maximum.
1 I

CPF is the charged particle energy fraction of jet; from vertex i.
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Jet Multiplicity at High Luminosity

> 2: | —— Alljets
fﬂ_gf_m.; ......... - |——CPF>0.75 jets
% 50 O O W
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S T .
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1.5 2 25 3 35 4 45 5 5.5
Vertex multiplicity

Y

Jet-Vertex algorithm allows to identify
(remove) soft jets arising from min-bias

nteractions.

The dependence of jet multiplicity
on the number of interactions is
significantly reduced for jets with
more than 75% of its energy
coming from the hard scatter
vertex.
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Improving Jet Energy Resolution
USlIlg Tl‘aCkS Classify tracks:

Rivtx)<0.5, R(cal)<0.5 :IN jet
R(vtx)<0.5, R(cal)>0.5 : Out-of-cone

Technique: for every charged hadron (track) matched to a jet:
- subtract the expected energy deposited in the calorimeter.
- add the track momentum.

_ Emi f Em;ck

is the single pion
calorimeter response.

frack ] ] Ermc.i: RM [ Ermck}

E_=E_+(1-R*(E
jet jot
- Add the energy of out-of-cone tracks.

E =E +E

jet Jjet frack

Scott Willenbrock - TeVALHC@BNL
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Jet Energy Scale 1n photon+jet Data
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Jet energy offset is significantly improved with the use of tracks.
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Jet Energy Resolution in photon+jet Data

0.22 0.22
E N E
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Jet energy resolution dependence on Jet p_for low and high

track-multiplicity jets. ~10% Improvement.
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Dijet Mass Resolution 1in Zqq events

Eal Jet TrackCallet

1000~ H 800
[ 07 : ﬁ 07
: Ik 800F Il
800 700
I 600
em —
[ Mean = 0.74 500 Mean = 0.95
i 4001
400 i = 0. : i = 0.
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L oo F O
200 M 0.1z 200 - M 0.10
i 100F
G5 0 05 1 15 2 5 I]-:I 5 0 05 1 15 2 5
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5% mass resolution improvement.
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Higgs + 1jet Signatures

Yaquan Fang, Bruce Mellado, William Quayle
and Sau Lan Wu

University of Wisconsin-Madison
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Op’rimiz ation (cont)

Hoyy+1j
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MC Statisties
correspond to ~30 fb-!
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Significance
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Combined Analysis
Inclusive Analysis

\
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Purely inclusive analysis

IL -101fb"
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Higgs Mass (GeV)
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H(—tt)+1jet at the LHC

+ Tag one semi-central jet, require
P+4>100 and M;>700 GeV and a loose
central jet veto (“top killer®)

» Allow significant contribution from gg—h Higgs Decay Products
Pr>100 GeV

Tag jet
774 H },
- s = = “\\‘
wiz Not Tagged M (p .
HT
° 0
/ \\
Loose Central Jet Veto Quasi-central
(“top killer") n Tagging Jet
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Cross-section (fb/(7 GeV/c 2)
[ = ] [ = ]
o (-] —
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0.2

80

systematic error

100

Count on 10%

Critical to know

shape of M_,
for Z11

120 140 160 180 _
M..(GeVic")
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Signal Significance for 30 fb-!

(M,=120 GeV 10% systematic error on background)

Higes Mass (GeV/c?) 110 | 120 | 130 | 140 | 130
Signal Significance for cut analysis (o) || 4.3 | 5.0 | 4.8 | 3.6 | 2.1
Signal Significance for NN analysis (o) || 5.5 [ 6.6 | 6.3 | 4.8 | 2.8

Overlap With H+2jets (VBF)

the overlap is 24%
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HoWW®) +>1 jet

+Use basic properfl that leading jet associated with
Higgs is tends to be more forward than in QCD

backgrounds

n of leading jet SCD W
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Conclusion

We still have a lot to learn
before the LHC turns on.

If you think we’re busy now,
wait until we have data from the LHC
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