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LHCPHENO: Fisica de
particulas en el LHC y las
factorias de sabor
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Personnel

Name Position
Antonio Pich Zardoya CuU
Francisco Campanario Pallas RyC
Otto Eberhardt IP
Claudius Krause IP
loannis Papavassiliou TU
Jorge Portolés Ibanez CT
German V. Rodrigo Garcia IC
Ilgnasi Rosell Escriba C

William J. Torres Bobadilla (Feb 2017) IP

Gauhar Abbas P
César Ayala IP
Roger J. Hernandez Pinto IP
German F.R. Sborlini IP
Lei Wang IP
Gabriel Lépez Castro PS

CU: Catedratico de Universidad UVEG; TU: Profesor Titular UVEG;
IC: Investigador Cientifico CSIC; CT: Cientifico Titular CSIC; RyC: Investigador Ramén y
Cajal; IP: Investigador Postdoctoral; C: Colaborador; PS: Profesor Sabatico
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PhD Candidates
Félix Driencourt-Mangin
Javier Fuentes Martin
Héctor Gisbert Mullor

Victor llisie (PhD 2016)
Andrea Lami (PhD 2016)
Clara Murgui Galvez

Ana Penuelas Martinez
Antonio Rodriguez Sanchez
Joaquin Santos Blasco
Mehran Zahiri Abyaneh

Master Students
Madeleine Adrien
David Bellés Agut
Javier Castellano
Victor Miralles Aznar
José Llanes Jurado
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European Union
European Regional
Development Fund

F U n d I n g ?\%GENERALITAT VALENCIANA

= FPA2014-53631-C2-1-P: Particle Physics at the LHC and
Flavour Factories (MINECO) coordinated with U. Huelva

= PROMETEUIIV2013/007: Physics at the LHC: search for new
interactions in the high-energy frontier (GVA)

= PhD Candidates supported by FPU, FPI, Grisolia (GVA),
La Caixa and Atracci6 de Talent (UVEG)
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European Union

European Regional
Development Fund

F U n d I n g ?\%GENERALITAT VALENCIANA

= FPA2014-53631-C2-1-P: Particle Physics at the LHC and
Flavour Factories (MINECO) coordinated with U. Huelva

= PROMETEUIIV2013/007: Physics at the LHC: search for new
interactions in the high-energy frontier (GVA)

= PhD Candidates supported by FPU, FPI, Grisolia (GVA),
La Caixa and Atracci6 de Talent (UVEG)

» Hosted four Marie Sklodowska-Curie fellows recently

= Coordinated two European networks: FLAVIANET
and LHCPHENONET

= Participate in evaluation committees of the
European Agencies ERCEA and REA European

Commission
| S —————
Horizon 2020
European Union funding
for Research & Innovation
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FLAVOUR AND HIGGSIBOSON PHENOMENOLOGY
AT THE LHC AND THE. PHYSIC .OF THE FLAVOUR
FACTORIES™S 7. Touiila g X
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SU(5) Grand Unified Theory

Clara Murgui
Georgie-Glashow (GG): matter assignment 9,10 Higgs bosons 9,24 H

Gsu = SU(3) ® SU(2) @ U(1) € SU(5)
Why is the GG model ruled out?

(i) The unification of gauge couplings in disagreement with the experiments.

(i) M.= M, atthe GUT scale in disagreement with the experiments.
(i) M, =0

Coupling evolution at one loop accuracy in SM

2 4 6 8 10 12 14 16 18 20
log,,(Q) GeVv
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SU(5) Grand Unified Theory

Clara Murgui

I Unification constraints
16.0 L 10%7

————————————————————————— ] 10%
p>net (HK.)

158

1035
103
1033
- 1032 1 L 1 1
4.0 45 5.0 55 6.0 100 104 108 108
Logyo Mo, Mo, (GeV)

Log,o Maut
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15.6 F o

p> et (S.K. 2014)
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152k
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w
o

Simple realistic extension: Minimal Renormalizable SU(5)
SU(5)gc + 455 + 10y P.Fileviez Perez, C. Murgui, Phys. Rev. D94 (2016) 7, 075014

45y —> corrects (i) by the splitting of
\ = Predicts a “light” (3.5-5 TeV) colored octet ! ¢ ~ (8,2,1/2) € 45y
\ corrects (ii) by H, ~ (1,2,1/2) € 45y

10g —> corrects (i) by giving mass to the neutrinos through the Zee mechanism
. . . 5+ ~ (17 17 1) € 10H
= M, = \M%9 (Ce M%e9 1 3¢, D MIIVE, M) + transpose
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Left-Right symmetric Model

Clara Murgui

SUB) @ SUR)r®SU®2), @ U)p_1 B Gsn = U(1)g

Simplest LR model predicts Dirac neutrinos
G. Senjanovic and R. N. Mohapatra, Phys. Rev. D 12 (1975) 1502

Simple extension with Majorana neutrinos: SimplestLR + 6+ ~ (1,1,1)
P. Fileviez Pérez, C. Murgui, S. Ohmer, Phys. Rev. D94 (2016) 5, 051701

= Predicts light sterile neutrinos through the Zee mechanism.

T (3, meeﬁzmg< >v5 (Vs = (V] + aen,

g | | >

(MR = 472”%2“’4

) Vai [(¥a)"Vy; = (V) V5] + ary

= Predicts LNV processes (J+)
e Drell-Yan process: pp — v, Z, 7' 5 6te — e;“ej_Ej"?iss,
® ¢, — e;7Y, e; — €; conversion.
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Left-Right-Right-Left symmetry

Gauhar Abbas, arXiv:1605.02497 and arXiv:1609.02899
Z1,

Left and right handed fermions are kept in the fundamental representation of the gauge
groups SU(2)_L and SU(2)_R.

To restore parity, there are mirror gauge symmetries SU(2)_R’ and SU(2)_L’. Thus,
coupling constants of SU(2)_L and SU(2)_R are completely independent.

Scalar sector is optimised. There is no VEV having unnaturally small value. There is no
fine-tuning for neutrino masses and W_R. Mirror gauge sector at 1079 GeV.

In low scale LRRL models, scalar sector is pretty simple, optimised and a few scalar
particles. Furthermore, mirror fermions and mirror gauge sector could be simultaneously at
TeV scale which is impossible in any other model. (accepted PRD)

Yields an explanation for neutrino masses whether they are Dirac or Majorana. Fine-tuning
of the SM Higgs mass postponed up to a sufficiently high scale.

Rich and interesting phenomenological possibilities for future investigations.
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Two-Higgs Doublet Model

O. Eberhardt, H. Gisbert, V. llisie, A. Penuelas, A. Pich

3 Goldstone bosons
Adding a second Higgs doublet . 3 neutraTHiggses
o+ H+ 1 charg-le-d Higgs
®1= [%(’U + 51+ z‘GO)] o ®2= {%(52 + z'S;:,)]

FCNC at tree level (very constrained phenomenologically)

2/ _ - - _
Ly = V2 (Q'L(Mﬁzqh +Y02)d'r — QL(M, @1 + Y @2)u'r — L (M} @1 + Y[ ®2)I'r + h-c)

v

New CP-violation sources

+ v/ M Alignment in Flavour space
Family universalit =,
Y N d @ T e Aligned Two-Higgs Doublet Model (A2HDM)

No FCNC at tree level l

Ly — V2 {@(2)[caVMdPr — M VPLld(2) + a7 (z)MiPrl(z) } — % > 8 UF(@)MPrf ()] + hc..

v [¢]
("2x f
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Hector Gisbert

One-loop computation of the short-distance Wilson coefficients at NLO

v

12 Vig,

q1

AN

q2

N
N

x

@

HE =2 = Gl — VN AN CP (1) O = H W
ijk .
@

q2

q1

L 4
L 4
L

S*

| ,.1 q1 ] ‘/.J'qz

Experimental observables: Amp, ,, Ek —— Constraintson Sg
B K°

B s — T 20F T

: ::0
. | |{d| |(u| 10k

|(u| S0 i
[ 1441=0

0.5 -

..................... 0.0

0.0
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Beyond the Standard Model fits

Otto Eberhardt (S8a)

—

Two-Higgs-Doublet models

Georgi-Machacek model Implementation into
Left-Right symmetric models + the multi-purpose
Supersymmetric models code HEPfit

Effective field theories

http://hepfit.romai.infn.it

It includes many observables from flavour,
Higgs and electroweak precision physics
in the SM and in a couple of BSM models.
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Il LO unitarity

T all signal strengths I only bb decay
— NLg un!tar_'ty ith ! B all ggF+tth production| [l only 7 decay
W NLO unitarity with &, I all VBF+Vh production| |l only Wi decay Eft
Il only vy decay B only ZZ decay I
HEP[
2.2} i 1.5} 1
2.0t . = /;‘:{':
318 - 1 + 1.0 B 1
- ~ = Lo S0
416 ciggiina.. | £E
i L ST ] fgos il
1.2 -7 o] 0 T
05 1 5 10 '8.0 0.5 1.0 1.5 2.0
7Y
tanﬂ 'uggF+tth
) 1.5F ] ) 1.5} ‘/;-;;, ]
- A
r——d - 7 1.0p07 1 Tiof TS ]
0 246 0246 N e R
A Ay 2z 05 | o5 a5 ]
PP
0.8’“ : e 0.8 : : : :
B all constraints .0 05 1.0 15 2.0 .0 05 1.0 1.5 2.0
signal strengths Ngl)gF+tth M;F+tth

Il H and A searches

BN only Amy; [{Eﬂm 1.5[ T ] 1.5f : T
B : 2
=10 - =10 L
+ 20 E T 1 P A
Y 0.5} 1 Y 0.5 1
FR, PR H
0. . 0. s
8.0 0.5 1.0 1.5 2.0 8.0 0.5 1.0 15 2.0
MWW ’uZZ
F +tth F +tth
8 2HDM type |I 8

tang tang

(for details see JHEP 1611 (2016) 026)
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Constraints on extra scalars from B decays
A. Celis, M. Jung. X.-Q. Li, A. Pich, 1612.07757

Br(B — DWrv)

0.40 R(D®™
. D)= 5B S D)
abar
0.35 AGFrV, 7
Lo = =724 |y (g Pr + """ Pr) aa] [P
a
= 090 LHCh 5 = (95°¢ + g2*)(mp — mp)? AL — (92 — g )m
Belle (sl) cb = myp (My — M) ’ 7 my (g + )
0.25 \ )
Belle (had T)
Belle (had) :
0.20

02 03 04 05 06
R (D)

Im ( 6¢p,)

Im (Ag,)

4 discrepancy
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Flavor anomalies: Lepton non-universality in B decays
J. Fuentes-Martin

Explaining the anomalies from an extended gauge sector:

R _ Br(B - Kptp) b e
K™ Br(B > Kete) Vi /
s 1 ]
— ! M « A minimal U(1)' explanation of the anomalies
O'SE_ d Alejandro Celis, Javier Fuentes-Martin, Martin Jung, Hugo Serddio,
o L e = T Physical Review D 92 (2015) 1, 015007
q* [GeV3ed]
B — K*0rto— » Possible connection with the SM flavor puzzle:
, S Flavor anomalies from dynamical Yukawas
bomoozw Andreas Crivellin, Javier Fuentes-Martin, Admir Greljo, Gino Isidori,
H T s ] Physics Letters B 766 (2016) 77-85
Al . + Simultaneous explanation of the b — s£17£~ and
ol - T R(D®™)) anomalies from an SU(2) gauge extension
15k . J Sofiane M. Boucenna, Alejandro Celis, Javier Fuentes-Martin, Avelino Vicente,
¢ [GeV? /']

Javier Virto; Physics Letters B 760 (2016) 214-219; JHEP 1612 (2016) 059

Above 4 o tension with  NeW data expected soon (Rg~, Rg, B — K*ete™,...):
the SM prediction uncover nhew model building directions, interplay with
other problems of the SM and with other NP searches

Jornadas sobre proyectos cientificos IFIC S8a 20.01.2017



Asymptotic Freedom

A. Rodriguez-Sanchez, A. Pich, PRD 94 (2016) 034027

as(M2z) = 0.1197 £+ 0.0015

0.5 as(m?) = 0.328 4 0.013

1 5 10 50 100
E (GeV)

as(MZ)| — as(MZ)|, = 0.0001 £ 0.0015, % 0.0030
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2 QCD tests from tau decays

Updated spectral functions
from ALEPH arXiv:1312.1501

Includes detailed analysis of
duality violation effects
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Asymptotic Freedom Chiral Symmetry

A. Rodriguez-Sanchez, A. Pich, PRD 94 (2016) 034027 M. Gonzalez-Alonso, A. Rodriguez-Sanchez, A. Pich,
PRD 94 (2016) 014017

o (M%) = 0.1197 4 0.0015 0.005 |
-0.006 -
0.5 | as(m?) = 0.328 4 0.013 S5 0.007 |
-0.008 ~ - -
-0.009 ~ |
0
s (GeV?)
e ChPT couplings
L7o(M,) = —(41404)-1073
| R Cir(M,) = (5.1040.22)-1073 GeV
1 5 10 50 100
E (GeV) e V-A Vacuum condensates
Os = (-3.6759)-1072 GeV®
as(M2)|_ — as(M2)|, = 0.0001 4 0.0015, =+ 0.00302 Og = (~1.0£0.5)-1072 GeV®
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yi Electroweak Effective Theory

J. Fuentes-Martin, C. Krause, A. Pich, J. Portolés, |. Rosell,
P. Ruiz-Femenia, J. Santos, J.J. Sanz-Cillero

Energy Scale Fields Effective Theory
Sn: Pn: Vn: An: Fn
Nnp ~ TeV HW.Zv.8 Underlying Dynamics
T, L, €,V
t.b,c.s,d, u
------- Energy Gap === | -r-smrmmrmmmremrre s
H W Zﬁfg
Mw T, L, €,V Standard Model
t.b,c.s,d, u
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Fingerprints of Heavy Scales in
ElectroWeak Effective Lagrangians

A. Pich, I. Rosell, J. Santos, J.J. Sanz-Cillero, arXiv:1609.06659 & PRD 93 (2016) 055041
now incorporating C. Krause

= There is a gap between the SM and heavier states: EFTs are a good framework to
search for new physics

=  We consider SM particles and symmetries and a full set of colourless JP¢=0%, 1%
heavy resonances, invariant under SU(2),,r and organised with a well-defined power
counting

= The only assumption is chiral symmetry breaking: SU(2);XxSU(2)gr = SU(2)1+r
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Fingerprints of Heavy Scales in
ElectroWeak Effective Lagrangians

A. Pich, I. Rosell, J. Santos, J.J. Sanz-Cillero, arXiv:1609.06659 & PRD 93 (2016) 055041
now incorporating C. Krause

= There is a gap between the SM and heavier states: EFTs are a good framework to
search for new physics

= We consider SM particles and symmetries and a full set of colourless jP¢=0%,1%
heavy resonances, invariant under SU(2),,r and organised with a well-defined power
counting

= The only assumption is chiral symmetry breaking: SU(2);XxSU(2)gr = SU(2)+r

= Once the heavy states are integrated out, we obtain their-predictions in the Low
Energy couplings Constants (LECs), which can be tested experimentally

= Spin-1 resonances allow different resonance representations (spegifically Proca gnd
antisymmetric formalism). We prove that the predlctloz)xe the same{and so the.
theory) and stablish when each formalism is more convenient /‘( ‘
5

= Predictions for LECs improve when some UV conditions are

= Ongoing projects:

1.- Incorporate color to the model
2.- Add flavour: promote fermions to 3 f
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Effective Field Theories at one loop

J. Fuentes-Martin, J. Portolés, P. Ruiz-Femenia

EFTs offer a model-independent tool for the description of heavy New Physics:

* Recent and ongoing efforts to extend EFT analyses at NLO

See for instance CERN Yellow Report 4; Henning, Lu, Murayama, arXiv:1604.01019;
Ellis, Quevillon, Lu, Zhang Phys.Lett. B762 (2016) 166-176; Zhang, arXiv:1610.00710

» Loop corrections to the EFT also important for flavor physics
e.g. Feruglio, Paradisi, Pattori, Phys.Rev.Lett 118 (2017); Pruna, Signer, JHEP 1410 (2014) 014

We developed a method to construct the full 1-loop EFT of arbitrary BSM models:

Javier Fuentes-Martin, Jorge Portolés, Pedro Ruiz-Femenia, JHEP 1609 (2016) 156

* We extract the one-loop Wilson coefficients from the hard momentum region

In the path integral
d lloop __ ghard
/ A"z Lypr = SH

« Complete calculation with important simplifications w.r.t other recently
proposed approaches

Currently applying this method to determine the full one-loop EFT of a general
2HDM in the decoupling limit and its phenomenological implications
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Precision Phenomenology

F. Driencourt-Mangin, F. Campanario, R. J. Hernandez-Pinto,
G.F.R. Sborlini, W. Torres, G. Rodrigo

= No clear signal of new physics at the LHC

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 [Ldt=(32-203) b V5=8,13TeV
Model £,y Jetst E:'Ss JLam) Reference
T T —TT T —

ADD Gk + g/q - z1j Yes 32 6.58 TeV/ n=2 1604.07773
ADD non-resonant (£ 2ep - - 203 n=3HLZ 1407.2410
ADD QBH — fq Teu 1j - 203 6 1311.2006
ADD QBH - 2j - 157 8.7 TeV. 6 ATLAS-CONF-2016-069
ADD BH high ¥, p7 zlep >2j - 32 8.2TeV 6, Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - >3] - 36 9.55TeV. n =6, Mp =3 TeV, rot BH 1512.02586
RS1 Gk — (€ 2ep - - 203 k(Mp = 0.1 1405.4123
RS1 Gkk — vy 2y - - 3.2 k{Mpy = 0.1 1606.03833
Bulk RS Gy — WW — qqlv Ten 1J Yes 132 1.24 TeV kiMp = 1.0 ATLAS-CONF-2016-062
Bulk RS Gy — HH — bbbb - 4b - 133 360-860 GeV. k(Mg = 1.0 ATLAS-CONF-2016-049
Bulk RS gxx — tt Tep 21b,21J2) Yes 203 BR=0.925 1505.07018
2UED/ RPP 1eu =2b=4j Yes 3.2 Tier (1,1), BRIA®Y — #t) =1 ATLAS-CONF-2016-013
SSM 2’ (¢ 2eyp - - 133 |2/ mass 4.05 TeV ATLAS-CONF-2016-045
SSM Z - 7t 27 - - 195 1502.07477
Leptophobic Z* — bb - 2b - 3.2 Z’ mass 1.5TeV 1603.08791
SSM W' - (v 1en - Yes 133 | W mass 474 TeV ATLAS-CONF-2016-061
HVT W’ — WZ — qqvvmodel A O e, p 1J Yes 132 | W mass 24TeV ATLAS-CONF-2016-082
HVT W’ — WZ — qqqg model B~ — 24 - 155 | W mass 3.0TeV ATLAS-CONF-2016-055
HVT V' — WH/ZH model B multi-channel 32 |V mass 2.31TeV av=3 1607.05621
LRSM W, — th leu  2b01] Yes 203 1410.4103
LRSM W}, — th Oepu >1b1J - 203 1408.0886
Cl gqqq - 2] - 15.7 A 19.9TeV nu. = ATLAS-CONF-2016-069
Clllqq 2ep - - 32 A 252TeV 1607.03669
Cl uutt 2(SS)z3eu=1b21j Yes 203 [Cral = 1 1504.04605
Axial-vector mediator (Dirac DM) 0 e, >1]  Yes 32 |ma 1.0 TeV £q=0.25, g,=1.0, m(x) < 250 GeV/ 1604.07773
Axial-vector mediator (Dirac DM) 0 e, 1,1y 1j Yes 32 |ma 710 GeV £;=0.25, g;=1.0, m(x) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oep  1J,<1j Yes 32 M. 550 GeV mix) < 150 GeV' ATLAS-CONF-2015-080
Scalar LQ 1% gen 2e 22j - 32 [LQmass 1.1 TeV p=1 1605.06035
Scalar LQ 2™ gen 2u 22j - 32 | LQmass 1.05 TeV p=1 1605.06035
Scalar LQ 3" gen Tew 21b>3] Yes 203 _ B=0 1508.04735
VLQ TT - Ht + X lep 22b23] Yes 203 Tin (T.B) doublet 1505.04306
VLQ YY — Wb+ X leu =1b23j Yes 203 Yin (B.Y) doublet 1505.04306
VLQ BB — Hb+ X lep 22b23] Yes 203 isospin singlet 1505.04306
VLQ BB — Zb+ X 2/23e,u  22/21b - 203 Bin (B.Y) doublet 1409.5500
VLA QQ — WqWq Teu >4] Yes 203 1509.04261
VLQ Tsj3 Tsj3 —» WEWE 2(SS)/=3 epu =1b,21] Yes 3.2 Ts/3 mass 990 GeV ATLAS-CONF-2016-032
Excited quark " — qy 1y 1] - 32 4.4TeV only u* and d*, A 1512.05910
Excited quark q* — qg - 2j - 157 5.6 TeV only u* and d* ATLAS-CONF-2016-069
Excited quark b* — bg. - 1b 1) - 88 ATLAS-CONF-2016-060
Excited quark b* — Wt lor2eu 1b,20j Yes 203 f=fi=fr=1 1510.02664
Excited lepton £* e - - 203 A=3.0TeV 1411.2921
Excited lepton v* 3eput - - 203 A=16TeV 1411.2921
LSTC ar — Wy Teply - Yes 203 1407.8150
LRSM Majorana » 2ep 2j - 203 m(Wg) ~ 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 570 GeV DY production, BR(H;* — ee)=1 [ ATLAS-CONF-2016-051
Higgs triplet H** — (. Seut - - 203 DY production, BR(H* — £1)=1 1411.2921
Monotop (non-res prod) len 1b Yes 203 Bnon-res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, [g] = 5e 1504.04188
Magnetic monopoles — — — 7.0 DY production, gl = 1gp, spin 1/2 1509.08059

. P | " -
Vs=13TeV -
- 10-1 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
‘tSmall-radius (large-radius) jets are denoted by the letter j (J)

Jornadas sobre proyectos cientificos IFIC S8a 20.01.2017



wi=; Precision Phenomenology

F. Driencourt-Mangin, F. Campanario, R. J. Hernandez-Pinto,
G.F.R. Sborlini, W. Torres, G. Rodrigo

= No clear signal of ' new physics at.the LHC

= New physics should appear.as a.gentle
deviation from the SM

» |HC events:characterized by .complex multi-
particle final-states
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3 Precision Phenomenology

F. Driencourt-Mangin, F. Campanario, R. J. Hernandez-Pinto,
G.F.R. Sborlini, W. Torres, G. Rodrigo

= No clear signal of ' new physics at.the LHC

= New physics should appear.as a.gentle
deviation from the SM

» |HC events:characterized by .complex multi-
particle final-states

= ._Precision theory-predictionsfor multi-particle
multi-loop processes necessary. to
disentangle signals-from_background
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2y Precision Phenomenology

F. Driencourt-Mangin, F. Campanario, R. J. Hernandez-Pinto,
G.F.R. Sborlini, W. Torres, G. Rodrigo

= No clear signal of ' new physics at.the LHC

= New physics should appear.as a.gentle
deviation from the SM

» |HC events:characterized by .complex multi-
particle final-states

= ._Precision.theory.predictions-for-multi-particle
multi-loop processes necessary to
disentangle signals-from_background

New perturbative methods
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Loop-Tree duality

F. Driencourt-Mangin, R. J. Hernandez-Pinto, G.F.R. Sborlini, G. Rodrigo,
JHEP 1608 (2016) 160 and JHEP 1610 (2016) 162

Emitting particles with zero energy £ zero emission
Parallel particles look like one single particle
QFT extrapolated to infinite energy in loop corrections
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Loop-Tree duality

F. Driencourt-Mangin, R. J. Hernandez-Pinto, G.F.R. Sborlini, G. Rodrigo,
JHEP 1608 (2016) 160 and JHEP 1610 (2016) 162

Emitting particles with zero energy £ zero emission
Parallel particles look like one single particle
QFT extrapolated to infinite energy in loop corrections

DREG

» Modify the space-time
dimensions to d=4-2¢

» Singularities manifest after
integration as 1/e poles

= Real and virtual contributions
are considered separately
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Loop-Tree duality

F. Driencourt-Mangin, R. J. Hernandez-Pinto, G.F.R. Sborlini, G. Rodrigo,
JHEP 1608 (2016) 160 and JHEP 1610 (2016) 162

Emitting particles with zero energy £ zero emission
Parallel particles look like one single particle
QFT extrapolated to infinite energy in loop corrections

DREG

» Modify the space-time
dimensions to d=4-2¢

» Singularities manifest after
integration as 1/e poles

= Real and virtual contributions
are considered separately

Jornadas sobre proyectos cientificos IFIC S8a

LTD /FDU

Computations made in d=4 space-
time dimensions by using a suitable
momentum mapping

Singularities are killed before
integration: summation over
degenerate states at integrand level

Real and virtual contributions are
considered simultaneously: efficient
Monte Carlo implementation
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Loop-Tree duality

F. Driencourt-Mangin, R. J. Hernandez-Pinto, G.F.R. Sborlini, G. Rodrigo,
JHEP 1608 (2016) 160 and JHEP 1610 (2016) 162

Emitting particles with zero energy £ zero emission
Parallel particles look like one single particle
QFT extrapolated to infinite energy in loop corrections

Smooth massless limit
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Emitting particles with zero energy £ zero emission
Parallel particles look like one single particle
QFT extrapolated to infinite energy in loop corrections

Smooth massless limit
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Forthcoming applications

= Very compact expressions with EW
gauge bosons: gauge cancellations
explicit

= Easier asymptotic expansions / EFT
= Fully differential predictions at NNLO

» Scattering amplitudes with gravitons
in combination with Color-Kinematics
duality (CKD)
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Valencia, 5 de octubre de 2016

Un equipo de investigadores del IFIC resuelve el
Nota de prensa problema de las dimensiones del espacio-tiempo
en las teorias aplicadas al LHC

CSIC comun il = |os resultados se presentaron a principios del mes de agosto en la
www.dicv.csic.es mayor conferencia de fisica de particulas del mundo, ICHEP 2016
. de Chicago, y se han publicado en Journal of High Energy Physics
Thanks to Isidoro
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NAUK AS

La Ciencia de la Mula Francis SCience Dal |y®

Hacia un nuevo método de regularizacion

mas alla de la reg.ulan-zad én dimensional Science News from research organizations
Researchers solve the problem of the dimensions of
© 5 space-time in theories relating to the Large Hadron Col-
o ' lider

collinear
@) o Date: October 21,2016
a g = N Source:  Asociacién RUVID

/ r Summary:  Researchers propose an approach to the experimental data generated by the Large
dual cancellation Hadron Collider that solves the infinity problem without breaching the four dimensions
of space-time.

soft

in)

: 1)
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UN EQUIPO DEL INSTITUTO DE FiSICA CORPUSCULAR

Fl Confidencial Fisicos espaiioles resuelven el problema de los
infinitos en las 4 dimensiones de Einstein

El método resuelve uno de los problemas principales a los que se enfrentan los fisicos de particulas a
la hora de trasladar la teoria al experimento

LAS PROVINCIAS
. Un nuevo método permite mantener las
IaRazon dimensiones espacio-tiempo de Einstein

LA 7( ; l ARDIA Un grupo de investigadores del Instituto de Fisica Corpuscular, ha desarrollado un nuevo método que
redefine la teoria evitando la aparicién de infinitos, y que permite por tanto mantener la teoria en las

cuatro dimensiones habituales del espacio-tiempo.
E ﬂ FUTURO
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La Hora

LO QUE NECESITAS SABER
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La Hora CIENCIA Y TECNOLOGIA

Lo QUE NECESITAS SABER Método resuelve teorias de Einstein
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VV@LHC beyond NLO and
searches of Anomalous Couplings

Francisco Campanario, Robin Roth, Sebastian Sapeta and Dieter Zeppenfeld: arXiv:1612.03577

Jomrm - - o NNLO corrections
B 4~ 20 (NNLO) = 24", (NNLO)
A= {0515 _ 1
T Fw--(s } E gx;i?: 5} u Large
FW--3 — EW-s5
-—- FW=+10 1.5¢ W-23 1
E Jo-t - zmz::&’» - SMNLO) / u Can fake
5 g SM (nNLO) > ’
S : Anomalous
§ E coupling effects
1072 WZ 1.0 ‘
N o Need to be included
50 100 150 200 250 300 50 100 150 200 250 300
PTl_max/GeV pn,max/GeV

Future:
NNLO effects in VVV and anomalous coupling searches
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EW effects competing with QCD with the
current LHC precision data o% ~ o

Mixed QCD-QED and two-loop QED
contributions to Altarelli-Parisi splitting
functions calculated for the first time

They govern PDF evolution, and
necessary to control IR behaviour / proof
factorisation for physical observables

Abelianisation algorithm from pure QCD

Besides photon’s PDF, new leptonic
densities that mix with partonic
densities through DGLAG evolution

Extended DGLAP equations
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Schwinger mechanism in linear covariant gauges
A.C. Aguilar, D. Binosi , J. Papavassiliou, arXiv:1611.02096

Gluon propagators for various values
of the gauge-fixing parameter
Gluon mass generating mechanism in the context of the T j - -

linear covariant gauges. Schwinger mechanism in pure
Yang-Mills theories hinges crucially on the inclusion of
massless bound-state excitations in the fundamental
nonperturbative vertices of the theory. The dynamical
formation of such excitations is controlled by a
homogeneous linear Bethe-Salpeter equation, whose
nontrivial solutions have been studied only in the Landau :
gauge. The form of this integral equation is derived for 2f
general values of the gauge-fixing parameter, under a '
number of simplifying assumptions.

— —_

(e o N

T
i
o

A(?) [GeV™?]

0 0001 001 01 ] 15
Process-independent strong running coupling ¢ [GeV?)

D. Binosi, C. Mezrag, J. Papavassiliou, C. D. Roberts, J. Rodriguez-Quintero, arXiv:1612.04835

Understanding the infrared behaviour of QCD, [ T
phenomenological based on data, and via quantum field Orzz==ean b . TI?;IbA(/J(I:_IAASS(ZOOB)-
equations in the continuum. Process-independent running- [ | ' v JLab CLAS (2014)
: ! o8} | <4 DESYHERMES
coupling, an effective charge analogue to the Gell-Mann-- ! 5 v CERN COMPASS
Low effective coupling in QED. The result is almost identical - 063_ | < CERNSMC
to the process-dependent effective charge defined via the ~ :
Bjorken sum rule, which provides one of the most basic T oal b SR s
constraints on our knowledge of nucleon spin structure. This [ < SLAC E154/E155
reveals the Bjorken sum to be a near direct means by which 02l 5 pLADRSS
to gain empirical insight into QCD's Gell-Mann--Low L — G
effective charge 00F == Qum
0 0.0501 1 10
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Victor llisie

UNITEXT for Physics

Victor llisie

Conceptsin

Quantum
Field Theory

@ Springer
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Finaliza una nueva edicion del TAE con éxito de
participacion
Enviado el Vie, 16/09/2016 - 15:03

Se cierra hoy en el Centro de Ciencias de
Benasque Pedro Pascual la edicién del Taller de
Altas Energias (TAE) mas numerosa de los Ultimos
afios. Medio centenar de estudiantes de master y
doctorado ha recibido dos semanas de formacién
en los temas mas punteros de la fisica de particulas, astroparticulas y
cosmologla.

= 50 estudiantes de master y primeros
anos de doctorado

" 34% de los participantes procedente
de universidades no espanolas
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Summary

= Very broad spectrum of research interests: from model building
to precision phenomenology, from innovative perturbative and
effective field theories to non-perturbative methods, from the low
energy/high-intensity frontier to the high-energy frontier

» Good position to have an impact in the physics programme
of the LHC and flavour factories, and a leading role at
National and European level

= Very committed in outreach and public engagement activities

= [nnovation activities through European networks with leading
scientific software companies
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