Boson Boson Scattering at
LHC with PHASE
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What can we observe at LHC?
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Signal significance
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Higgs Decay Branching Ralios
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Unitarity
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Unitarization: eg:Butterworth,Cox,Forshaw PRD65(02)96014
different ways of constructing amplitudes which are unitary from low order amp
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At the LHC
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Large interferences L™ s
Kleiss-Stirling, PLB182(86)75 e T
V(G =m’ + 4DV, (gF = m’ 4 alsa ) —x B ~
m The HE off-shell behaviour is worse than on-shell
PRrROC OFF-OFF ON-OFF ON-ON
ZZ — ee A Ao m2A1/\/s m?*/s
L7 — 47 (m7; A1A2) ms m3
ZZ — WW | AiAxs*/m* | Aisy/s/m* | (mi;m®)
WW — WW | AiAas?/m* | Aisy/s/m* | (m3i;m?)

When the V’s are off-shelll emission from f-lines must be included
(a;b)= linear combination of a and b
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P HAS E hep-ph/0504009

PHact Adaptive Six-fermion Event-Generator
E. Accomando, A. Ballestrero, E. Maina- Univ. Torino

m Dedicated event generator
m All 99 —%:9.959601,
= One-shot
m Efficient: good coverage of phase-space
m Interfaced with showering/hadronization

m Problems
m Large number of processes

m Large number of diagrams/process
m Large number of channels/enhanced regions
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PHACT
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| INTEGRATION I

IT IS ABSOLUTELY NECESSARY TO OBTAIN A PRECISE CROSS SECTION: IT
ENSURES THAT THE PHASE-SPACE PARAMETRIZATION MATCHES REASONABLY
WELL THE BEHAVIOUR OF THE AMPLITUDE SQUARED.

OTHERWISE GENERATION EFFICIENCY WILL BE EXTREMELY POOR.

[ Integration and event generation

250

200

150

100}

S0P

INTEGRATION CAN BE USED TO ADAPT MORE CLOSELY TO THE INTEGRAND 12



POSSIBLE STRATEGIES:
o ADAPTIVE INTEGRATION (VEGAS)
- ADAPTS WELL TO CUTS
- A ROUGH ESTIMATE OF MAPPING PARAMETERS IS USUALLY SUFFICIENT

- FAILS IF SEVERAL SETS OF ENHANCEMENTS IN | Amp |?

DIAGONALS (%)

OR ALONG

e MULTICHANNEL

REQUIRES A LARGE NUMBER OF CHANNELS (EASY TO ADD)

ALL CHANNELS ARE INTEGRATED OVER SIMULTANEOUSLY

SENSITIVE TO CUTS, EFFICIENCY GENERALLY SMALL ®

MAPPING PARAMETERS TO BE DETEERMINED WITH HIGH ACCURACY @
o ADAPTIVE+MULTICHANNEL

- ADAPTS WELL TO CUTS

- A ROUGH ESTIMATE OF MAPPING PARAMETERS IS USUALLY SUFFICIENT

- ALL CHANNELS HAVE TO BE INTEGRATED SEPARATELY @
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Processes in PHASE1.0

Particles type diag | #proc(2+1) | Particles Ly pe diag | #proc(2+1)
csducsur 4W 202 6+ 2 WTUTICS (T 2722W 122 6+ 2
UNCTCSUY 272W 422 10 +1 ULSSCEUY 222W 122 10+ 1
wubbespy | 222W 233 15+ 0 ddddcspy | 2Z2W 122 6+ 2

ddcecsuv 272W 422 10 + 1 ddsScspv 2722W 122 10 + 1
dedbbespi 222W 233 15 + 0 COCCCS LY 2722W 1266 3+ 2

cebbesur 222W 466 10 +1 SSSECSUY 272W 1266 3+ 2

sSbbesuT 27Z9W 466 10 + 1 bbbbeSuT 272W 610 G+ 2
wuddespy | 222W+4W | 312 15 4+ 0 cessespr | 202W+4AW | 1046 6+ 2

TOTAL: 141 + 20

Adding ud<-->cs and e<-->mu
A” partiCIGS Outhing ___> 1K processes
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An interesting example: cSs — ESEC{’}{

1046 diagrams

It includes:

o ZZ --> W+W- Higgs --> WW

« ZW- --> ZW-

W-Z --> ZW-

« W-W- --> W-W-

e W- -->W-W+W- with 2 Higgs --> WW channels

e W- -->ZZW- Higgs --> ZZ . .

ol

; Homework: check it out

v s c
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Future Improvements

2q --> 4qglnu @ O(a %a,?) First result later
2q --> 4ql*l- inintegration test ZW&ZZ final states semilept
29 --> 2094l allingredients ready ZW&ZZ final states lept
29 T 4q|nu @ O(aszaw4) & @ O(as4aW2)

Main TOP channell Amp O(a.2a,?) ready

Good control of tails is essential
m 29 --> 204l
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With C. Mariotti and S. Bolognesi,
E. Accomando, S. Ballestrero(Torino)

First look

p+(q,I"-)> 10 GeV
E(q,I*-)>20GeV
M(q,q)>20GeV
Abs(eta(q))<6.5
Abs(eta(l*-))<3
Abs(eta(jc))<3
eta(jf)>2
eta(jb)<-2

Reject

m  160<M(blnu)<190GeV
m 160<M(bgq)<190GeV
Require

m 70<M(qq)<90GeV

I Invarlant Mass of 2 central g.lep and nu
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Top rejection

W mass
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PYTHIA has only LL in EVBA approximation
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VV scattering

Cannot be separated from all other EW contributions

Expect:

= central high pT JJ and Inu from W’s
= high energy, high pT forward and backward spectator J

Background:

= tt
= V/V+jets
= V+jets

WWwW
SIGNAL
M,, = 500 GEV o = 60 FB
No — Higgs o = 20 FB
BACKGROUND
TOP-TOP o =6.2x 10" FB
W+JETS o="7.7x10*FB
WW o=1.1x10° FB

ZZ+ZW
SIGNAL

M, =500 GEV | o =9.1 FB/ (.T FB
No— Higgs og=17FB/ 1.4FB

BACKGROUND
TOP-TOP o =6.2x 10" FB
ZAJETS o=14x10" FB
ZZ o =6.6x10° FB
WZ o =6.6x 10° FB
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S/B from EW processes in PHASE at parton level

Main bkg: tt((EW!), single t, VVV If more than one qq pair is close to M, ,

mp.(q,I*")> 10 GeV best match is chosen. Flavour info used.
.E(q’|+/-)>20GeV | Invariant Mass of 2 central g,l and v | EBInIGE s
=M(q.,q)>20GeV T [ A 5
mAbs(eta(q))<6.5 " 02l \,\
= Abs(etal())<3 é [r S

107 AN
Reject s [ \\\Irﬂ%w
2160<M(blnu)<190GeV 0] Tl
=160<M(bqq)<190GeV ool M’Wﬁ‘
Require
m/70<M(qQq)<90GeV 10?:[ o . » o ..
m70<M(Inu)<90GeV L Mﬁﬁﬁ?[aewi“]““

u M(jf-jb)=M,,,,M
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Spectator vs decay partons
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V(q.9.) spectrum

[ Inv.Mass of 2g with mV |
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S/B kinematics

E =
E \\ [ E T T Jau
o \, M= I e )
| ™, E I "
AK’\\‘* Y |:|S|gnal E - DSignaI
E ‘\1\ \q\ﬁ B T R S .
H N\ J ' Ty
-\1"".\- 102 i - r"rr!f L‘_—"-._. .:.I

H \1:'&"‘\.'_;-':\. :_FLFF . I—.-I b
| Th%\":uf,l, w - I'L L

”’Iﬂldﬁ“; . [ 1 -._

b :
Wil 10 L ~h
LT Ty
H I ;W f 10° | _
EL A R ol AP B
i NI EFRE I NI B | PRI B 1
100 200 300 400 500 600 0 1 3 2 5 7 8 9 10
forward muon p_T GeV/c A forward quarks
no Higés |
I C
\ Al

10

T T IIH[

T TTTI]

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
M(6 fermions) GeV/cr2

23



Neural Net Selection of Signal

[ istogramma integrale I
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Internal gluon QCD corrections

with G. Bevilacqua (Torino)

Includes qqg-->tt

All PHASE1.0 processes
No external g

i hew_Mgglv_mh200_NOb
| Invariant mass of gglv system (GeV) Etr::iu:s_mzngili\;ﬁ [ Mg, for proc withouth | Entr:_aqs 116236
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First results: no real analysis

70<M(jcjc)<90GeV
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Conclusions

= A new 6f Event Generator is available for VV scattering,
Higgs in VBF, top(soon), VVV physics

= First results in VV scattering and Higgs production

=Extracting Signal is hard

WORK is in PROGRESS

= New processes
= More realistic simulations: FAMOS, CMKIN
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