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Anatomy of WW scattering
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slow emission of W'’s hard scattering




Luminosity of W, W, inside the proton

e Transversely polarized W's
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Luminosity of W, W, inside the proton

e Transversely polarized W's

Log enhancement as in the
Weizsacker-Williams
photon spectrum
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Luminosity of W, W, inside the proton

e Transversely polarized W's

e Longitudinally polarized W'’s
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Luminosity of W, W, inside the proton

e Transversely polarized W's

(m3,/E?) suppression from
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Luminosity of W, W, inside the proton

e Transversely polarized W's

(m3,/E?) suppression from

i) =2+ o(")

Log enhancement as in the
Weizsacker-Williams
photon spectrum
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Luminosity of W, W, inside the proton
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1. Wt’s (hence spectator jets) tend to be more forward

2. Smaller luminosity for W,’s (no log enhancement)
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Naive estimate of the hard scattering
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Energy growth for cy # 1

Strong sensitivity on Higgs coupling



Naive

Total cross section
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Hard scattering in
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estimate of the hard scattering

2
OLL—LL _ N $ Qrnin 1 2\ 2
— Ns7 ( — CV)
OTT—TT My,
2
dorr—rr/dt B S
— Nh—4
dO'TT_>TT/dt t~—s/2 My



Naive estimate of the hard scattering

Total cross section

s+ QR <t < —Q% OLL-LL _ nr 5 Qmm (1)
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mi, < Q2. < s OTT—TT My

g do /dt 5
Hard scattering in LL—LL — N,
the central region dUTT—>TT/dt trv—s5/2 m%v
One naively expects Nj, N5 ~ O(1), but an explicit Strong numerical (accidental)
caleulation gives N, ~ 1/500 N, ~ 1/2000 | enhancement of the TT channel

RC, C. Grojean, M. Moretti, F. Piccinini, R. Rattazzi JHEP 1005 (2010) 089
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Naive estimate of the hard scattering
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Cuts: m;; >500GeV, pr;<120GeV, prw >300GeV

> Crossover between TT and LL scattering cross sections occurs at energies

much higher than the naively expected scale F ~ mW/\/\l — 3|



- What can we learn from WW scattering ¢

* Anomalous Higgs couplings (within the EFT
framework)

® Production of new states
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Giudice et al. JHEP 0706 (2007) 045
Grzadkowski et al. JHEP 1010 (2010) 085
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P 59 independent operators for T SM family
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_ Leading effects from dim-6 operators

P 59 independent operators for T SM family

CP-conserving operators relevant for WW scattering:
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cw + CB
Cow
(¢w —¢B),CHB, Caw

cy and the linear
combination HTH W, WH*
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Constrained by:

LEP1 (S parameter) at the 1072 evel

LEP2 at the 1073 level

TGC (LEP2 and Tevatron) at the level of a few x 10’ 2

Higgs couplings at the 107 level
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Constrained by:

Cw + CB LEP1 (S parameter) at the 1072 evel

Coww LEP2 at the 1073 level

(¢w — ¢B),CHB, C3w TGC (LEP2 and Tevatron) at the level of a few x 10’ 2
Cg and the linear Higgs couplings at the 107 Jevel

combination H'H W, WH*

SILH power counting (1 scale m, and 1 coupling strength g, ):

Giudice et al. JHEP 0706 (2007) 045
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dim-8 operators
further suppressed by
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X3l

dim-8 operators
further suppressed by
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dim-8 operators
further suppressed by
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X >4

dim-8 operators
further suppressed by
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e Montecarlo implementations of the Higgs EFT exist and can be used for
WW scattering:

- FEYNRULES models implementing the Higgs Effective Lagrangian

Alloul, Fuks, Sanz arXiv:1310.5150
http: / /feynrules.irmp.ucl.ac.be /wiki /HEL

P. Artoisenet et al. JHEP 1311 (2013) 043
http: / /feynrules.irmp.ucl.ac.be

- POWHEG | for ZZ 35 (includes NLO QCD corrections)
Jaeger, Karlberg, Zanderighi JHEP 1403 (2014) 141


http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
http://www-itp.particle.uni-karlsruhe.de/~maggie/eHDECAY/
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P. Artoisenet et al. JHEP 1311 (2013) 043
http: / /feynrules.irmp.ucl.ac.be

POWHEG | for ZZjj (includes NLO QCD corrections)

Jaeger, Karlberg, Zanderighi JHEP 1403 (2014) 141

Limits from TGC (LEP) at 95% CL:

—35x 1072 < égw < +5 x 1073

Large enhancements on tails of distributions
from derivative operators are possible and
compatible with current constraints

... but what about validity of EFT 2

d o/d My, [fb/Gev]

ratio to SM

ZZ35 — 4ljg

from JHEP 1403 (2014) 141
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without knowing the value of m,
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On the Validity of the EFT description

o Problem: Setting limits within the validity of the EFT ( /' = myyw < m. )

without knowing the value of m,

Possible procedure: Azatov, R.C., Panico, Son, work in progress and arXiv:1502.00539
F. Riva et al. Phys.Rev. D91 (2015) 055029

1. For a given cut myw < M., extract _
- &) < 5@(Mcut)

bounds on the Wilson coefficients ¢;:

2. Scan over M.,; and report (model-independent) bounds

as functions of M.,

3. Specify a power counting to express C; = C;(Mm,, g.) and
set M.,; = m, (optimal value compatible with EFT)

Bounds in the plane (m., g«) follow from the inequalities
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Example:
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Example:
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Example:

Jx
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Example: Cy =

4 A

G+

9min A

17

theoretically inaccessible

>

T h
Excluded region is non-vanishing
only if analysis is sensitive to SM




Production of new states

e Af energies E ~ m, the exchange of new states cannot be described
by local operators: a full description of the resonances is required

o
o,

R
S

e Simplified models give an economical description of resonances and
allow comparison between limits from precision observables and direct

searches
for spin-1 resonances Pappadopulo, Thamm, Torre and Wulzer JHEP 1409 (2014) 060
see for example: Greco and Liu JHEP 1412 (2014) 126
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e Exchange of resonance enhances (suppresses) the WW cross section
if it occurs in s-channel (t-channel)

Example: pr, (spin-1, triplet of SU(2).) in Composite Higgs models

from: R.C., Marzocca, Pappadopulo, Rattazzi JHEP 1110 (2011) 081

oWTWIsWEWT) T(W*HW* W W*)
1000 - |
| O(p?)
100 ]
z O
SEE T s I
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1000 2000 3000 ‘40‘()6 T 000 2000 3000
Vs [GeV] Vs [GeV]
m, = 2TeV
2
v
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e Complementarity: a given resonance enhances Measuring all channels can determine

some channels and suppresses others the quantum numbers of the resonances

<+«— in black: isocontours

of RZJ/ULET

10—1:\‘ I “““ 10”:\‘\1\ — / “““

1000 1500 2000 2500 1000 1500 2000 2500
M, [GeV] M- [GeV]
in blue:
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of Fcp / mae
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Conclusions

Scattering of transverse polarizations numerically enhanced, sensitivity on
energy growth of longitudinal scattering for cyy # 1 reduced

To be learned from WW scattering:
i) anomalous Higgs couplings (within the EFT framework)

ii) discovery of new resonances

WW scattering may give information on EFT operators competitive to TGC
and single-Higgs analyses |  dedicated study needed

Establishing validity of EFT requires specifying a power counting (no ‘universal’
result can be derived)

Complementarity of different channels: quantum numbers of resonances can
be deduced by a combined study of all final states



