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EFTfitter

Castro, Erdmann, Grunwald, Kréninger, Rosien :: Eur.Phys.J. C76 (2016) 432



The EFT approach

» Extend the SM electroweak Lagrangian:

Lot = Lsm + Z
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» Searches for BSM physics: what if Ayp > +/Siuc ?

GUTs? WIMPs?

SM Dark Matter?

Particles Strings ?
SUSY ?

Technicolor ?
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by C. Grunwald

» EFT: — indirect search for new physics
— can test whole classes of BSM models at once
— widen search radius by increasing the energy frontier



EFT in the top-quark sector

Four-quark operators Two-quark operators Two-quark-two-lepton operators
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e Common effort ongoing at the LHCtopWG
o (G. Durieux, J.A. Aguilar-Saavedra, C. Degrande, F. Maltoni, E.
Vryonidou, C. Zhang)

« Effective field theory contacts
* Nuno Castro and Oliver Maria Kind (ATLAS), Nadjieh Jafari and Alexander Groshjean (CMS)



EF Tfitter

Developed by a team from Dortmund and LIP
https://github.com/tudo-physik-e4/EF TfitterRelease

Parameters Observables
o Vie( 15,15), prior: flat EFTf’tter — an examp|e o fhe(0,1)
o Vgpe(-15,15), prior: flat e fi(0,1)
o gre (1,1, prior: flat » g ¢ (0,100) pb
o gre(-1,1), prior: flat \ Model / * o¢ < (0,100 pb

o Vi, Vr.g1.88) = - --
o filVi, Vr,81,8R) = - ..

Measurements & Correlations
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https://github.com/tudo-physik-e4/EFTfitterRelease

Composite Higgs Models



BR(T — Ht)

Composite Higgs models

Collaboration between LIP, IPPP-Durham and Granada
« These models often predict new vector-like quarks
« (ongoing searches under LIP responsibility in ATLAS)
« Important to fully explore the full parameter space
« Alternative production and decay mechanisms

« — new interpretations and analysis strategies
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[PRD96 (2017) 015028]

« Maria Ramos started her PhD at LIP-Minho (and IPPP-Durham) and

« Study of viable dark mater candidates at the LHC

will focus on collider phenomenology of CHM, as well as their potential
astrophysical signals



Higgs production and couplings

Amor Dos Santos et al. :: Phys. Rev. D 96 013004 (2017)
Broggio, Ferroglia, Fiolhais, Onofre :: Phys. Rev. D 96 073005 (2017)
Azevedo, Filthaut, Goncalo, Onofre :: arXiv:1711.05292 [hep-ph]



TOP QUARK HIGGS BOSON
ASSOCIATED PRODUCTION @ LHC:

L=FkKyt(cosa+iyssina)th

- . ,s\?‘b\\\ﬁ
1) ttH dileptonic channel: v\/ @J
NEW ANGULAR DISTRIBUTIONS EXPLORED ¢ . Stability

Phys. Rev. D 96, no. 1, 013004 (2017)

WHY STUDYING THE COUPLING?
IT JUST HAPPENS WE WANT TO KNOW WHERE WE LIVE...!

3) NLO VS NLO+NLL @ LHC

2) ttH semileptonic channel:
arXiv:1711.05292 (2017) LIMITS @ 95% .,

NLO+NLL

MMHT 2014 NLO PDFs
cos(a)s0, u, = W2
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WORK PLAN (2018): STUDY THE NATURE OF THE COUPLING @
HE-LHC AND FCC-HH A.ONOFRE (UM)




Anomalous top quark couplings

Déliot, Faria, Fiolhais, Lagarelhos, Onofre, Pease, Vasconcelos :: Phys. Rev. D97 (2018) 013007



CHOICE OF PHYSICS CHANNELS:
OBSERVABLES: RESULTS:

AL (ATLAS) JHEP 04 (2017) 124
Al, (ATLAS) JHEP 04 (2017) 124
Al (ATLAS) JHEP 04 (2017) 124 i
O, (CMS) JHEP 12 (2012) 035 (7 TeV) Fit
Oyn (CMS) Phys.Rev.Lett. 110 (2013) 022003 (7 TeV) L ssaaamsa
Oy (CMS) JHEP 09 (2016) 027 (7 TeV)

O, (ATLAS) Eur.Phys.J.C 77 (2017) 531 (8 TeV)

‘Distributions

Oy (ATLAS+CMS) CMS PAS TOP-15019 (8 TeV)
U;  (ATLAS) Phys.Lett.B 756 (2016) 228 (8 TeV)
U, (CMS) Phys.Lett.B 772 (2017) 752 (13 TeV)
Ounr (CMS) CMS PAS TOP-17-018 (13 TeV)
(CDF+D0) Phys.Rev.Lett. 115 (2015) 152003

(ATLAS) Eur.Phys.J.C 77 (2017) 264
(CDF+D0) Phys.Rev.D 85 (2012) 071106
(CDF+DO0) Phys.Rev.D 85 (2012) 071106

j:1711.04847, published PRD

FROM THE EXPERIMENTAL SIDE:
FROM THE THEORY SIDE:

3) DO THIS STEP BY STEP INCREASING THE NUMBER OF
OBSERVABLES EACH STEP, AS THEY BECOME AVAILABLE

-~

ANOMALOUS COUPLINGS 9 A.ONOFRE (UM) e &= W 1



MONTE CARLO SAMPLES AND TOOLS NEEDED:

RESULTS:
% TTBAR OBSERVABLES:
Top|gl
SINGLE TOP OBSERVABLES: 95% C.L. Limits

% Standard Model

SCALING TO HIGH LUMINOSITY BASED ON STATISTICS
PROBABLY USED

WOULD NEED BASICALLY THE SAME THING FOR 27-100TEV

INPUT FROM THEORY MANDATORY !!!

ANOMALOUS COUPLINGS A.ONOFRE (UM)  woece e

EEEEEEEEEE



heavy quarkonium

Faccioli, Lourenco, Aradjo, Kniinz, Kratschmer, Seixas :: Phys. Lett. B 773, 476 (2017)
Faccioli, Lourenco, Aradjo, Kniinz, Kratschmer, Seixas :: arXiv:1802.01106 [hep-ph]
Faccioli, Lourenco, Aradjo, Seixas :: Eur. Phys. J. C 78, 118 (2018)



Unexpectedly simple data patterns

Mid-rapidity cross section measurements show a common shape pattern
for p; /M >2, independent of M and quantum numbers
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Unexpectedly simple data patterns

Scaling all data to match the J/¢ normalization
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A “surprising” agreement with NRQCD

4

SDC [nb/GeV ]

)Y, Y(2S)
Y(1,2,35)

3P, 38, T Xew s Xoa
3P2 351 |:> XcZIXbZ

15, 35, 3P0|1|z

The variety of kinematic behaviours in NRQCD seems
redundant with respect to the observed “universal”
p;/M scaling and lack of polarization

= cancellations are needed to reproduce data....

...and they actually happen)

— /Y & Y(2S) - data
s CalC. NLO 1S[8]
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Will we find

Ultimate conspiracy or need for a better NRQCD?

Xc’, Sl

/'\

gmf:cantly transverse

EEsme

cancellation: Xc¢1 +Xc2 — I

N

w
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p+/M
X, polarization analysis ongoing in the LIP CMS group

The seeming success of NRQCD
uncovers a strong prediction:
the unmeasured x_, and x,,

polarizations must be very different
from one another

A potentially striking exception
to the uniform picture

of mid-rapidity quarkonium
production!

... a large x., —x., polarization difference? = smoking gun!
... weak y., and x, polarizations as for S-wave states?

= need of improved (simpler?) NRQCD hierarchies
or better perturbative calculations

23



Long-distance scaling: another universal pattern?

The QQbar—bound-state “transition probabilities”
show a clear correlation with binding energy,

— common to charmonium and bottomonium,

— identical at 7 and 13 TeV:

Plotted ratio: ~ 1
measured cross sections é'
Q_I_
Mﬂquarkoniu@ =
— o
@W-WQ%—
2
=
=
o)
defined by extrapolating
do/dp(M) to 10"
- | | | |

— 1 1 L1 11 1 1 1 1 1 L1 1 ,y 1 1 1 L1 1 1 1 1 1 1 L1 1
2mq =M, 15) OF My, 1s) 50 100 200 500 1000 50 100 200 500 1000
Binding energy (MeV)

— an experimental confirmation of the “factorization” ansatz of NRQCD



top quark as probe of QGP time structure

Apolindrio, Milhano, Salam, Salgado :: arXiv:1711.03105 [hep-ph]



Tops in HIC

+ Probing the QGP time structure with top quarks:

+ Total time delay = top decay + W decay + decoherence time

Tiop=0.15 fm/c
Tw=0.10 fm/c

19 \ /3
Td = ( 502 ) , ¢ = “medium density”
1Yqq

Tiot—Trop T TWTTdec

Jets from the W decay will only start los at /ater
times:

AE (Tm — Ttot
— —W

FE |W decay Tm
products

)OSTtotSTm

26



Tops in HIC

+ Probing the QGP time structure with top quarks:

+ Total time delay = top decay + W decay + decoherence time

Tdec -
T <--

Tiop=0.15 fm/c
Tw=0.10 fm/c

19 \ /3
Td = ( 502 ) , ¢ = “medium density”
1Yqq

Tiot=Trop T TWTTdec

Jets from the W decay will undergo jet energy
loss at /ater times:

AE (Tm — Ttot
— —W

FE |W decay Tm
products

)OSTtotSTm

Jet energy loss = change in W mass

W mass can be used as an observable to probe
different timescales of the QGP 27



Tops in HIC

+ Probing the QGP time structure with top quarks:
+ Total time delay = top decay + W decay + decoherence time

+ Maximum time, tm that can be distintinguished with 2o for a given

. PbPb-
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the medium PbPb equivalent lumi [nb™]



iet substructure and QGP response

Kunnawalkam Elayavalli, Zapp :: JHEP 1707 (2017) 141
Apolindrio, Milhano, Ploskon, Zhang :: arXiv:1710.07607 [hep-ph]
Milhano, Wiedemann, Zapp :: Phys.Lett. B (in press)



SUB-JET MOMENTUM SHARING

JEWEL+PYTHIA Pb+Pb (0 — 10 %) /5 = 5.02 TeV

o 2 —e— CMS Data
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» small modification of z, distribution from ‘additional
splittings’ and ‘energy loss’

» medium response essential to reproduce data



MEASURABLE TELL-TALES OF QGP RESPONSE
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» additional component at large
angular separation
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hybrid approach to jet quenching

Can Gulan, Casalderrey, Milhano, Pablos, Rajagopal :: JHEP 1603 (2016) 053
:: JHEP 1703 (2017) 135



HYBRID STRONG/WEAK COUPLING MODEL

Gauge Theory

i DGLAP\ ~ » physics at different scales merit different
treatments

Induced
Vertex

» vacuum jets where each parton loses
energy non-perturbatively [as given by
a holographic AdS-CFT calculation]

Horizon

> lost energy becomes a wake [QGP
response], part of which will belong to

the jet
dE 4 > 2 1 1 Eiln/ 3
Ar — ~ —Hin" 3 3 Lstop —
dx strongly coupled T Lstop \/ CEgtop — x? 2kge TA/3

/

single free parameter
[accounts for QCD/N=4 SYM differences]



SUCCESSFUL IMPLEMENTATION OF NonPert Jet Eloss

Theory Comparison: Distribution of Xy, vs. v pr
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v/ overall excellent agreement with data and strong predictive power

N .
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FUTURE PLANS
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FOR THE NEXT TWO YEARS AND BEYOND

v/ strengthen efforts on existing activities

v identify synergies within the group for potentially high-impact
projects

v identify further complementarity with LIP’s experimental groups for
in-house thematic task forces

v' seek to expand, benefiting from available external funding, the scope
of the group :: the aim is to match the breadth of LIP’s experimental
endeavours and have the ability to play a leading role in the
definition of future projects

v/ seek points of contact with other researchers/groups in Portugal for
collaboration

v/ strengthen existing international collaborations and foster new ones



