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What is the dynamical generation of EWSB?

Effective Theories for EWSB
N0BOPY UNDERSTANDS ME!
—_— L ) % _-. ,

® Describe dynamical generation of EWSB
I-—-) Strong Dynamics!?

I-—} Resonances predicted!
® Model independent

Vector Boson Scattering @ the LHC

© New Pheno in EWSB sector —» New Pheno in EW boson interactions

O Vector Boson Scattering (VBS) very sensitive to New FPhysics

© Searches for VES planned @ the LHC!
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The Electroweak Chiral Lagrangian

@ Symmetries: Gauge —9 SU((2), x U(1l)y and EW Chiral —» SU(2)r, x SU(2)g
EChL copy of ChPT in QCD

[A. C. Longhitano, 1980; T. Appelquist et al., 1980 ]
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The Electroweak Chiral Lagrangian

@ Symmetries: Gauge —9 SU((2), x U(1l)y and EW Chiral —» SU(2)r, x SU(2)g
EChL copy of ChPT in QCD

® Light d.o.f.:
-+ jwlra Equwalence Theorem!
—» EW GB’s W™, 2 introduced non-linearly U(w JZ) =€ v ‘7 wE, e WE 7

—>» EW gauge bosons Wi, Z described by Dy, Wy, & Buv
2
—» Higgs singlet under Chiral symmetry F(h) =1+ zaﬁ 4+ b<h>
(% (%

[A. C. Longhitano, 1980; T. Appelquist et al., 1980 ]
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The Electroweak Chiral Lagrangian

@ Symmetries: Gauge —9 SU((2), x U(1l)y and EW Chiral —» SU(2)r, x SU(2)g
EChL copy of ChPT in QCD

® Light d.o.f.:
-+ n wara  Equivalence Theorem!
—» EW GB’s W, 2 introduced non-linearly U(w=—,2) = e ‘7 wE, e WE 7
A

—>» EW gauge bosons Wi, Z described by Dy, Wy, & Buy
2
—» Higgs singlet under Chiral symmetry F(h) =1+ zaﬁ 4+ b<h>
(%

© Building blocks:
D, U Ww/a Buu .’F(h) Vyu = (DHU)UT

[A. C. Longhitano, 1980; T. Appelquist et al., 1980 ]
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The Electroweak Chiral Lagrangian

@ Symmetries: Gauge —9 SU((2), x U(1l)y and EW Chiral —» SU(2)r, x SU(2)g
EChL copy of ChPT in QCD

® Light d.o.f.:
-+ n iwara  Equivalence Theorem!
—» EW GB’s W, 2 introduced non-linearly U(w=—,2) = e ‘7 wE, e WE 7
A

—>» EW gauge bosons Wi, Z described by Dy, Wy, & Buy

2
—» Higgs singlet under Chiral symmetry F(h) =1+ zaﬁ 4+ b<h>
(% (%
© Building blocks:
D, U Wuv, Buy .’F(h) Vy = (D“U)UT

ZLecht = 22+ %14 Relevant terms & chiral parameters for VBS

2 [ 2]

H H I

Lo = |1+20= + by | Te(DMUTD,U) + 50" H O, H + ..
(V) (V)

Ly= ag|Tr V)| [TV | + as| e (V)| | (VY)| + .

[A. C. Longhitano, 1980; T. Appelquist et al., 1980 ]
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The Electroweak Chiral Lagrangian

@ Symmetries: —» SU(2)r, x U(1)y and —» SU((2)r x SU(2)r
EChL copy of ChPT in QCD
o
—» EW GB’s ’wj:, Z introduced non-linearly U(w  Z) = ezva wE, e WE 7

—>» EW gauge bosons Wi, Z described by Dy, Wy, & Buy
2
—» Higgs singlet under Chiral symmetry F(h) =1+ zaﬁ 4+ b<h>
(¥

© Building blocks:
D, U Wuua Buu .’F(h) Vyu = (D“U)UT

ws®
-----
-----
.......
wns
......
...............
...................

.
------
----------------
__________________

"T s smnamaw L] " EEEaa L} =
L] [l L
. LR

[A. C. Longhitano, 1980; T. Appelquist et al., 1980 ]
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Relevant Chiral Parameters

© Mostrelevant: a a4 as — Remain present for ¢ :g/ =0

© Constraints

SM

N 3 uchalla et al, 68 % CL
a—1 I A TLAS , 95 % CL (2014)
I, C M S, 95 % CL

a,- 102 | D v, s - vaible. 68 % CL Considered intervals
Gy | | :; . )5 5 CL a € [0.9,1]
as _ILEP» 95 % CL

! ' as,as € [107°,1074

ATLAS, 95 % CL (2017)
ay ATLAS, 95 % CL (2014)
LEP, 90 % CL
ATLAS, 95 % CL (2017) Resonance mass< .
as ATLAS, 95 % CL (2014) in TeV range
i LEP, 90 % CL

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
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W+Z resonant scattering @ the LHC

Study resonant behavior in W*Z scattering @ the LHC

q3

V l
q2 <

Mediated only by |/ a4
No severe QCD backgrounds

Requirement of unitarity

No use of Equivalence Theorem

Implementation following: [D. Espriu et al., Phys. Rev. D90, 015035 (2014)]
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Dynamical Generation of Resonances: the IAM

: Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as
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Dynamical Generation of Resonances: the IAM

: Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as

Unitarization via the * 3 good results in QCD

@) .
Inverse Amplitude Method (IAM) generates resonances dynamically
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Dynamical Generation of Resonances: the IAM

: Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as

Unitarization via the * 3 good results in QCD

@) .
Inverse Amplitude Method (IAM) generates resonances dynamically

Unitarized Partial Waves
( (0))2

JAM . \91g
1J o) _ (1)
Crg — %1
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Dynamical Generation of Resonances: the IAM

Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as

Unitarization via the * 3 good results in QCD

@) .
Inverse Amplitude Method (IAM) generates resonances dynamically

Unitarized Partial Waves

IAM __

(0)
< — aIJ>
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Dynamical Generation of Resonances: the IAM

Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as

Unitarization via the * 3 good results in QCD

@) .
Inverse Amplitude Method (IAM) generates resonances dynamically

Unitarized Partial Waves
(0)

TAM _ Pol Resonances
arg @/—" oles ) scalar, vector...
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Dynamical Generation of Resonances: the IAM

Energy at which occurs depends on
typically

O Expansion in powers of p ———— Violation of Unitarity —» (a — 1), a4, as

Unitarization via the good results in QCD
O - ——
Inverse Amplitude Method (IAM) generates resonances dynamically
Unitarized Partial Waves
(a2 Resonances M, 1
TIAM
1 @/ Poles > scalar, vector... —> depend on

Ll a b aq aj
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Dynamical Generation of Resonances: the IAM

Energy at which occurs depends on

O Expansion in powers of p «——m) —» (a — 1) ay,as
o Unitarization via the : good results in QCD
(IAM) generates dynamically

Unitarized Partial Waves

)’ M, T
1AM
“rLJ @/‘ Poles —» scalar, vector... —» depend on
L a b ag as

My (GeV) I'y (GeV)
1000 1500 2000 2500 3000 20 60 100 140

O We select vector
scenarios

0.98 098}~

0.96-

O Relevant combination s
(aq — 2as) “

0.94- 0.94

© 5 values of a1
for three lines
of fixed mass My,

0921 092~

09" 09 AL

0.5 1 1.5 2 25 3

Claudia Garcia-Garcia (IFT, Madrid) HEFT 2018 April 16th, 2018



Dynamical Generation of Resonances: the IAM

Energy at which occurs depends on

O Expansion in powers of p «——m) —» (a — 1) ay,as
o Unitarization via the : good results in QCD
(IAM) generates dynamically
Unitarized(Partial Waves
O M, T’
atAM — /—“ Poles —» scalar, vector... —» depend on
—a
@ a b aq aj
MV (GeV) 20 60rV (GeV)IOO 140
ifficult to Implement in Monte Carlo! T —— |

2)
scenarios

0981 098

O Relevant combination s
(aq — 2as) “

© 5 values of a
for three lines

of fixed mass My,

092

. %///////////////////////////////////////////////////
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The tool to introduce the resonances

O MadGraph5 —9  Prediction for resonant observables inW+Z —%» Works with FR

Used to mimic 1AM vector resonances
EW gauge & Chiral invariant

1 Ao 1 NI ' .
Ly = TV V) + MPTR(V0) + 2 YTV 1) + STV [, )

[G. Ecker, et al., Phys. Lett. B223, 425 (1989)]
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The tool to introduce the resonances

O MadGraph5 —9  Prediction for resonant observables inW+Z —%» Works with FR

Computed from IAM pole 4 Used to mimic IAM vector resonances

(also I'y) EW gauge & Chiral invariant

Ly = =3 TelViu V™) + PP +%)“r<mfﬁ”> : @% )

[G. Ecker, et al., Phys. Lett. B223, 425 (1989)]

Couples V mainly to Wy, 21

v
Couples V mainly to W, Z7

Controls unphysical mixing between V' and W, Z

|

fv =10
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The tool to introduce the resonances

O MadGraph5 —9  Prediction for resonant observables inW+Z —%» Works with FR

Computed from IAM pole 4 Used to mimic IAM vector resonances

(also I'y) EW gauge & Chiral invariant

1

Ly = =TV V") + My Fr(V V) + fvg (Vi fi) _I_%)FT(VMV [u, u])

[G. Ecker, et al., Phys. Lett. B223, 425 (1989)]
» Couples VV mainly to Wy, 2
Unitary gauge v

Rotation to mass basis Couples V' mainly to W, Z7
Controls unphysical mixing between V' and W, Z

|

fv =10

1
4

Ly =

1
(QVM*;V—W + V,QVVOW) + §M‘2/ (zvjv—“ + ngoﬂ)

129y

4
v2

[m%VVO MVW;WV_ +my my VT MVWM_ZV—FmeZ vV 'LWZMW;]
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Our model: IAM-MC for resonant WZ scattering

O Proca Lagrangian with constant gy,
violates unitarity

Claudia Garcia-Garcia (IFT, Madrid)

HEFT 2018

—IAM My = 1479 GeV
—IAM-MC Ty = 42 GeV
B @) gv(My)= 0.058
_— ECthree+-£V
a=09
B as=9.5 1074
as = —6.5- 107
| T [ L L ‘ L L L L ‘ L L L Il L L ‘ L L L
500 1000 1500 2000 2500

\s (GeV)
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O Proca Lagrangian with constant gy,

0.8
violates unitarity —>
E: 0.6
0.4
© Jv promoted to form factor f
ZAM-MC = L2+ Ly -
W, Z '

%V_V
W, Z /

C» dv <«—» Form Factor

Claudia Garcia-Garcia (IFT, Madrid) HEFT 2018

Our model: IAM-MC for resonant WZ scattering

—IAM
—IAM-MC

—EChLZ + Ly

My = 1479 GeV
I'yv =42 GeV

gv(My)= 0.058

500 1000

Il ‘ Il Il Il I Il Il ‘ Il Il Il Il !
1500 2000 2500 3000

\s (GeV)
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Our model: IAM-MC for resonant WZ scattering

! —IAM ” My = 1479 GeV
© Proca Lagrangian with constant gy odl :;ACRSL‘Q)“SLV et 00
violates unitarity —> ~
= 0.6F
S
0.4/
© Jv promoted to form factor | v=09
0 2; a;=9.5-107*
L as=-6.5-107*
LIAM-MC = L2 + Ly ; J
I/V7 7 gv 0™ 1000 1500 200 2500 3000
V \/5 (GeV)
W, Z L A S e B A
I 2@ =gMYE i s<M
C S 104j g%/(l)=g%/(M%/)h:—} ;s> My
R gy(My)= 0058
» 9V <«—>» Form Factor 3
£
S EEEEEE = 103-
o EChL .Z; recovered for s < My; - N
NN] 7 |CosOl<1 |
£
= 102 ,
E i ‘ My = 1479 GeV
MW = MZ #0 i rv=42GeV
j fy=0
0500 000 1500 2000 25000 3000

Vs (GeV)
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Our model: IAM-MC for resonant WZ scattering

O Proca Lagrangian with constant gy,
violates unitarity —>

© Jv promoted to form factor

LAAM-—MC = L2+ Ly

W, Z
gv 1%
W, Z /
C @ 10*
» 9v <«—» Form Factor E
LLEe
o EChL %, recovered for s < My~ DY
N
° gV(M‘zf) = gV(a'a b, a4, a’5) ~ 10—,? Jg 102
. ,.Z
10

1 i
| —I[AM My = 1479 GeV
i —IAM-MC Iy = 42 GeV
gy(My)= 0.058
0.8 | —EChL@ +1y
= 0.6r
S|
(l4j

| T [ L L L L ‘ L L L Il L L ‘ L L L L !
500 1000 1500 2000 2500 3000
\s (GeV)

‘ T T T T | T T T T ‘ T T T T ‘

ECLhZ 2@ =M% s<M
— ree .

_ B =gMHE  s>M

— IAM-MC z

re a= 0.9

|CosO|<1 -

i R My = 1479 GeV |
Mw = Mz 0 ,-° | [y =42 GeV
....... . : fy=0
‘oo et | ! ! ! Ll ! ! ! ! | ! ! ! ! | ! !
500 1000 1500 2000 2500 3000

Vs (GeV)
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Our model: IAM-MC for resonant WZ scattering

O Proca Lagrangian with constant gy,
violates unitarity

© Jv promoted to form factor

LAAM-—MC = L2+ Ly

W,z gv

W, Z /

C» dv <«—» Form Factor

v

o EChL %4 recovered for s < M12/
"5]&’(1»1%3C) = 57"((lal’7(14ﬂ 555) ~ 1()—1?

° Froissart unitarity bound for s > M¢
[M. Froissart, Phys. Rev. 123, 1053 (1961)] B

Claudia Garcia-Garcia (IFT, Madrid)

S o (Wi Zy - Wi Z,) (pb)

1k
I - IAM My = 1479 GeV
i — IAM-MC Ty = 42 GeV
0.8 _ EChLErzge'*'LV gv(My)= 0.058
= 0.6F
S|
O.4j
[ a=09
L a; =9.5-107*
0'27 as = —6.5 10)
0 i ‘ . : L L I L L L L | I L L N ; . | | ; , ‘ y
500 1000 1500 2000 2500 3000
\s (GeV)
\ \ \ \ I \ \ \ \ ‘ \ ‘ ‘ ‘ I
—_ ECLh{:Y g0 =gd0H%  sem}
10*- —IAM-MC G0 =gMHE  s>M
g SM gv(My)=0.058
103 |
Ten a=0.9

|CosO|<1 -

’ «
10% ; K ]
i | My = 1479 GeV |
MW - MZ * 0 i rv=42 GeV
“ele.. . L et ° | f,=0
10 St eeqee? R R T \ \.‘\. | I |
500 1000 1500 - 2000 2500 3000
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Vector Resonances in the W+Z channel @ LHC

O We study charged vector resonances, /', from a triplet, Vi, 1%

/y Mediated only b)@
>

No severe QCD backgrounds
\ Clean leptonic signal

O VWi channel very promising

O Signals (\pp — W‘l‘ij ] (pp — 81{ El £2= ET]]] L pp — JJj3 )

MG effective vertex
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Vector Resonances in the W+Z channel @ LHC

O We study charged vector resonances, /', from a triplet, Vi, 1%

/y Mediated only b)@
>

No severe QCD backgrounds
\ Clean leptonic signal

O VWi channel very promising

O Signals (\pp — W‘l‘ij ] (pp — 81{ El £2= ET]]] L pp — JJj3 )

Key to VBS selection

q3

q1 >

qz2 <

q4

MG effective vertex
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VBS Event Selection

O VES kkinematics very characteristic O [Extra [ets key to select VBS efficiently

n=20

O Very effective in our case: VW * L[]

1020171 T 7 T T T3 10_3; L S S B R R

-| — SM—-QCDEW ph>20GeV 1 - | — SM-QCDEW pr > 20 GeV

| —SM-EW il <5 | — SM-EW 2<Iml <5
107 __1AM-MC A <2 104, | —TAM=MC <2 |

o(pp— W'Zj j) [pb/0.5]
olpp - W'Zjj) [pb/100 GeV]

500 1000 1500 2000 2500 3000
15, M ij (GGV)
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VBS Event Selection

O VES kkinematics very characteristic O [Extra [ets key to select VBS efficiently

n =20

O Very effective in our case: VW * L[]

10_25\\\\\\ T T T 1073 L e
"| — SM—-QCDEW ph>20GeV | > M-QCDEW ph > 20 GeV
— | —SM-EW Injl <5 & M-EW 2<mjl<5
i 10—37 | | <2
=) | — IAM-MC S 104 nw,z
S =
£ =
=10 =
N =107
= 10 N
T =
iy T 10°°
= 107°
5 o,
Ne
b
1077 1077
-5 -4 -3 -2 -l 0 1 2 3 4 5 500 1000 1500 2000 2500 3000
15, M]J (GGV)
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Results for W*Zjj: invariant mass distributions

o(pp—->WZjj) [pb/20 GeV]
=

[E—
<
-

500 1000 1500
MWZ (GGV)

e SM—QCDEW |

 SM—EW
e | AM—MC

2000

O Many events available
for LHC luminosities if W & Z

are well reconstructed

Cuts: [nw,z| < 2

2500

3000

o(pp->W"Zjj) [pb/20 GeV]

® Very clear resonant peaks

on top of SM background

1072

1074

HEFT 2018

e SM—QCDEW |
mmmm | AM-MC

500 1000 1500 2000 2500 3000

Mz (GeV)
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Results for W+Zjj: statistical significance

O Given My : O Given (a — 1):
significance increases with (a — 1) significance decreases with My,

LHC sensitive to o < [0.9. 1| for My € [1.5,2.5] TeV and £ = 300 fb—!

Signal & Background definitions Statistical significance

Summed over

S — NIAM-MC _ NeS\}VI(QCDJrEW) +0.50T, stat __ S
> » O —
B — NSM(QCD+EW) 21y, : v B
— N>y :
I
4000~ |
— My =2TeV | i — My =2TeV
I B — My = 2.5 TeV
20001 — My =25 TeV ]
O I = 3000 fb!
EI L
=
sg 2000
1000 50 7 S - : \
| : i v ——— :
0 O | | | | |
09 0.925 0.95 0.975 1
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Results for ¢ ¢~ ¢'Tv jj : distributions

‘ T T T T T T T T T T T T T T T T ‘
- s SM—EW
[ AM-MC

© Some scenarios are still very
visible above SM background

p—
<
]

o(pp—> 446" ] ))[pb/25GeV]

1078
500 1000 1500 2000 2500 3000
MZ},V(GeV) —_——— 7
=107 oo mm SM-QEDEW |
G g o SM—EW
aQ mamm [AM-MC
~~
O Very clean signal in the B 10-6
leptonic channel =
=
e
N AT
JL\T 10
Cuts: Pe
a,
Mz—].O GeV <m£§£2 < MZ+].0 GeV & 10—8
T — agT < E(oA NXT renrennl
MWZ = Meeeu > 500 GeV . '.“ b
EET >4500é;e\\/_[ v 500 1000 1500 2000 2500 3000
Pt > € Transverse invariant mass M(];{y (G eV)
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Results for £1T¢~ ¢/ Tv jj : significance

pp — L0703 ETjj £ = 3000 fb~1!
a € [0.9,1] < » My = 1.5 TeV
a € [0.94,1] < » My = 2 TeV

Poor sensitivity for My = 2.5 TeV

Events summed over optimized intervals

50

_MV =1.5TeV
—— My =2 TeV

40 — My =2.5TeV 7

£ =3000 fb!

30

IAMMC

N,

201 7

Claudia Garcia-Garcia (IFT, Madrid)

O Clean and controlled

O Requires High Luminosity

— My =15TeV
— My =2TeV
—— My =2.5TeV

£ =3000 fb!

HEFT 2018
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Results for £1T¢~ ¢/ Tv jj : significance

pp — €1 €785 ETjj £ = 3000 fb~ 1
a € [0.9,1] <
a € [0.94,1] <

Poor sensitivity for My = 2.5 TeV

» My = 1.5 TeV

» My = 2 TeV

Events summed over optimized intervals

T
501 m
e MV =15 TeV
— My =2TeV
40 — My =25TeV -
£ =3000 fb!
% | B
= 30
<
d
20 n
o \ _
o \ \ 1 —
0.9 0.925 0.95 0.975 1
a

Claudia Garcia-Garcia (IFT, Madrid)

O Clean and controlled

O Requires High Luminosity

— My =15TeV
— My=2TeV
— My =25TeV

£ =3000 fb!
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Estimates for other channels: JJjj)

pp — JJj7 ESTIMATES L = 300 fb—!

O Very high significances!

a € [0.9,1] < » My = 1.5 TeV .
O Very promising channel
a € [0.975,1] » My = 2 TeV
: O More dedicated study on demand
a € [0.925,1)] < » My = 2.5 TeV Y
Estimates obtained by: Ng;gfo_nli\gc = N{AA}\ZLMC x BR(W — hadrons) x BR(Z — hadrons) X ey X €7
[ \ \ ‘ 700 \ ‘ \ ‘ 7
550 Extrapolated — My =15TeV Extrapolated — My =15TeV
n rates My =2TeV N cof significances My =2TeV ]
i — My =25 TeV — My =25 TeV
200 1 sor ]
@) L =3000 b £ =3000fb!
Q
22 E 40, _
| § 150+ 1 8
33 3 M
—_ %) 30; \ _
Z 100L ] b \\
---“-f:====-___r_ 20~ =t
507_ — e=0z5 ol B et —— \
:g \: i ‘7
i . e ———] [ ! \ \ ‘ ]
%09 0.925 0.95 0.975 1 00.9 0.925 0.95 0.975 I
a a

HEFT 2018
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Estimates for other channels: JJjj)

hadronic

NIAM—MC

pp — JJj7 ESTIMATES L = 300 fb—!

a € [0.9,1] < » My = 1.5 TeV
a € [0.975,1] » My = 2 TeV
a € [0.925,1] - » My = 2.5 TeV
Estimates obtained by: Nﬁﬁf&i\gc
- Extriﬂg;ated —My=15TeV | -
L _MV=2TEV
i — My =2.5TeV
200} -
: £ =30001b!
150 -
100 .
50\ — e=025
— T
[ t . ——— _— — )
%09 0.925 0.95 0.975 1
a

= N%A/l\Z/I_MC x BR(W — hadrons) x BR(Z — hadrons) x ey X €z

Very high significances!

Very promising channel

for £L=23000tb"' —p a € [0.9,1] )

More dedicated study on demand

hadronic
N
(e}
[

stat

Extrapolated —My =15TeV
significances — My =2 TeV
— My =25TeV

|

20 - \;
e — \
10 —— -
i
oL | | | . L]
0.925 0.95 0.975 1
a

HEFT 2018

Claudia Garcia-Garcia (IFT, Madrid)

April 16th, 2018



Estimates for other channels: JJjj)

pp — JJj7 ESTIMATES L = 300 fb—!

a € [0.9,1] < » My = 1.5 TeV
a € [0.975,1] » My = 2 TeV
a € [0.925,1] - » My = 2.5 TeV
Estimates obtained by: Nﬁﬁf&f}gc
- Extriﬂg;ated —My=15TeV | -
L _MV=2TEV
i — My =2.5TeV
200} -
0 - £ =3000fb!
So
| § 150 ]
=5
g
< 100 i
50\ — =025
— T
L] ? . s ——]
%09 0.925 0.95 0.975 1
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O Very high significances!

O Very promising channel
for £L=3000b'—p a € [0.9,1]
O More dedicated study on demand

depends on reconstruction efficiency™

— N%/IA}\Z/[_MC x BR(W — hadrons) x BR(Z — hadrons) x@x@ q\_)

L ! ‘ ‘ ‘
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* CMS & ATLAS [JHEP 08, 173 (2014);Tech. Rep. ATL-PHYS-PUB-2015-033; JHEP 12,055 (2015)]
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O VIS optimal place to test deviations introduced by the EChL

O Dynamically generated vector resonances from unitarized EChL
can be seen (@ LIHC

—» Very high statistical significance in WZ final state
—» Promising results in leptonic channel for some scenarios and HL-LHC

— High sensitivity in final states with fat jets

O Study Resonances of 1.5 -25TeV —» broad sensitivity to EChL params
a agq as

» Depending on:
o final state

° luminosity

O Improving selection cuts + study other distributions might improve the results

Claudia Garcia-Garcia (IFT, Madrid) HEFT 2018 April 16th, 2018



O VIS optimal place to test deviations introduced by the EChL

O Dynamically generated vector resonances from unitarized EChL
can be seen (@ LIHC

—» Very high statistical significance in WZ final state
—» Promising results in leptonic channel for some scenarios and HL-LHC

— High sensitivity in final states with fat jets

O Study Resonances of 1.5 -25TeV —» broad sensitivity to EChL params
a agq as

» Depending on:
o final state

o luminosity THANK YOU!

O Improving selection cuts + study other distributions might improve the results
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Back up Slides
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Unitarity Violation (1)

O Energy at which occurs ——p  very sensitive to (a — 1), a4, as

O At tree level, for the values considered a € [0.9,1], a4, a5 € [1073,10™4]

unitarity violation happens at the few TeV scale
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Unitarity Violation (2)

Helicity of particles

O Might depend on

>
Other parameters

ay

as
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Other params set to 0
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Properties of resonances: top contribution

[S. Dawson, G.Valencia, Phys. Lett. B 246 (1990) 156]

O Top loop contribution decreases with energy
(Effects of renormalization not taken into account)

O Negligible with respect to Goldstone boson loops above | TeV

O Subleading effects on resonance properties

‘ T T T T ‘ T T T T ‘
104 E EChL(Z) SM ; 104 ; —_— EChLﬁfge I EChLGolds‘ loops ;
F — wee T E g +4) == top | E
. - o2+ — top loops . - | —EchLY op loops
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3 - 13
T 10E E T
N . 1 N
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E/ F as=-65-10"* ] E/
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the ) parameter
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Indirect constraints:

0, 2] [RL Delgado, A. Dobado et al., Phys. Rev. Lett. | 14 (2015) 221803]

? does not modify properties of resonances

© Relaxing condition b = a
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The IAM-MC gv

© |AM-MC Form Factor IAM-MC Form Factor

. S

respects Froissart bound o(s) < oqlog’ <8_o> M2
2 2 2 V 2
z) = M5, )—= for s < M
assumes no other resonances appear gy (2) = gy (My) > 4

4
recovers |AM resonance behavior 2 22\ My 2
gi/(2) = 9V<MV>7 for s > My,

L [—1aM
- | —IAM-MC * My = 1479 GeV
EChL(z) I'yv =42 GeV
08k |— tree gv(My)= 0058
2+4
— EChL{;})
= 0.6f
=
>
a=0.9
a; =9.5 107
0.27 as =—6.5- 107
5(‘)0‘ a ‘1000‘ - ‘1500‘ . ‘2000 | ‘2500‘ . ‘3000

\s (GeV)

© Other choices of gy —» unphysical/unitarity violating
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Other choices of Jgv

O Non IAM-MC choices of gy —» unphysical/unitarity violating results

Examples:
— ECLh+IAM Py DI My kD i o MY
= = 3 2 izl
s 10%} Mw =Mz #0 —— ECLh~—tree up to p* from amplitude 3 g 10%} Mw =Mz # 0 ’ ;
o) ] o) gv(My)=0.06
Q. ----Proca + SM oy
St R a=089
Q Q a;=5510"*
4 4
g 1000 g 1000 |Cosfl<1
T g
N N
+ +
= 100} > 100}
= ] = ECLh+IAM
b My = 1480 GeV i L guag My L goon My k.. ] b My = 1480 GeV . - ]
Ty = 44.8 GeV Bye)= 2 B 22 SN T2l jifi=thegd M_g, 2 ] Ty = 44.8 GeV —— ECLh~tree up to p* from amplitude 1
f,=0 g\r(Mv)=0.06 | f,=0 é b Proca + SM |
b 500 1000 1500 2000 2500 3000 e 500 1000 1500 2000 2500 3000
Vs (GeV) Vs (GeV)
Mz ¥
. . 2 L 2 2 2 V 2\ 2 2 V
Crossing-symmetric form factor:  gi/(2) = 0(My, — 2)gy (Myy)—= + 0(z — My ) gy (My)—-

» Violates unitarity!
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Comparison with the linear case

O Weakly interacting dynamics —» No dyn. generated resonances

O In linear Lagrangian:

Introduce resonances directly —» Integrate outtorelate M, " «» a b a4 as

Different counting —» Different weighting of operators

Scale suppression —» For Q45 ™ 10~4 - FS,[O,l] ~ 10" 12 Tey—4
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