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What is the dynamical generation of EWSB?

Effective Theories for EWSB NOBOPY UNDERSTANDS ME!

@ Describe

I—-) Strong Dynamics?
I—-) Resonances predicted!

Vector Boson Scattering @ the LHC

@ New Pheno in EWSB sector —» in EVV boson interactions
O (VBS) very sensitive to
o) planned @ the !
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The Electroweak Chiral Lagrangian & the IAM

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

@ symmetries:

W, Z
% H
_____ a-1
W, Z
ay
W, Z W, Z
ds
W,ZM W, Z

a4, as
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—» SU((2)r, x U(1)y and
® New interactions in EW sector —9 Controlled by

EChL copy of ChPT in QCD

parameters a4 44 da4f5
~SM

—» SU2)L x SU(2)r

N 5 uchalla et al, 68 % CL
I A T1.AS , 95 % CL (2014)
I  M(S , 95 % CL

ATLAS, 95 % CL (2017)
ATLAS, 95 % CL (2014)
LEP, 90 % CL

ATLAS, 95 % CL (2017)

ATLAS, 95 % CL (2014)
LEP, 90 % CL
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The Electroweak Chiral Lagrangian & the IAM

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

@ symmetries:

W, Z

o
W, Z

W, Z W, Z
W,ZMW,Z

a4, as

—» SU((2)r, x U(1)y and
® New interactions in EW sector —9 Controlled by

EChL copy of ChPT in QCD
—» SU2)L x SU(2)r
parameters a4 44 da4f5
SM

N 5 uchalla et al, 68 % CL
a-—1 I A T1.AS , 95 % CL (2014)
I  M(S , 95 % CL

ATLAS, 95 % CL (2017)
a4 ATLAS, 95 % CL (2014)
LEP, 90 % CL

ATLAS, 95 % CL (2017)

. . typically
@ Expansion in powers of p ——)»

@® Unitarization via the
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as ATLAS, 95 % CL (2014)
il LEP, 90 % CL
[ R L T S T [T S S N S SO S S N | | T S S SR
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 04 0.5
generates

[Tran N.Truong, Phys. Rev. Lett. 61 (1988)2526]

4 dynamically

Unitarized Partial Waves

MV7 FV
TAM/ N\ _ (a.(r(?}(s))? depend on
ajy (s) = —— a a4 as

We select vector scenarios
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The Electroweak Chiral Lagrangian & the IAM

[A. C. Longhitano, 1980; T.Appelquist et al., 1980 ] EChL copy of ChPT in QCD
O symmetries: —» SU(2)r, x U(1)y and —» SU(2);, x SU(2)r
® New interactions in EW sector —9 Controlled by parameters 4 Q4 ary
| % - - = _]_l _;Buchalla et al, 68 % CL
W, 7 a-1 | mmms, 95 % CL (2014)

ATLAS, 95 % CL (2014)

ATLAS, 95 % CL (2017)
a4 ATLAS, 95 % CL (2014)
LEP, 90 % CL
ATLAS, 95 % CL (2017)
LEP, 90 % CL

W, Z W.Z
ds
W’ZM W,Z P L SR S S SO S SR N s \ I R

a4, a5 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

@ Expansion in powers of p _ﬂy—)
@ Unitarization via the (IAM) —»

[Tran N.Truong, Phys. Rev. Lett. 61 (1988)2526]

Unitarizec‘ Partial Waves )

generates

4 dynamically

MV7 FV
Difficult to Implement AM, (af,?}(s))2 depend on
in Monte Carlo! ary(8) = ~ a a4 as

We select vector scenarios
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The Electroweak Chiral Lagrangian & the IAM

[A. C. Longhitano, 1980; T.Appelquist et al., 1980 ] EChL copy of ChPT in QCD
O symmetries: —» SU(2)r, x U(1)y and —» SU(2);, x SU(2)r
® New interactions in EW sector —9 Controlled by parameters 4 Q4 ary
| % _ _[{_ _;Buchalla et al, 68 % CL
W’ Z a-1 | mﬂms, 95 % CL (2014)

ATLAS, 95 % CL (2017)
a4 ATLAS, 95 % CL (2014)
LEP, 90 % CL

” 7Z ” 7Z ATLAS, 95 % CL (2017)
as ATLAS, 95 % CL (2014)
il LEP, 90 % CL
L L L L ‘ L L L 1 L 1 I 1 L Il L ‘ 1 L 1 L ‘ L L ‘ L L L ‘ L L L L
W, Z W.Z

a4, a5 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

@ Expansion in powers of p _ﬂy—)
@ Unitarization via the (IAM) —»

generates

dynamically

My, L'y
depend on
a a4g as

Efective vertex to mimic the 1AM vector resonances!

W, Z
;%M._V ——> introduced in MG5
W, Z
\_
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Vector Resonances in the W+Z channel @ LHC

@ We study , V', from a triplet, Vi, |74

/y Mediated only by |/
>

No severe QCD backgrounds
\ Clean leptonic signal

O channel very promising

@ Signals (pp — W+ij ] Lpp — £1= 21 EZI ET]J] L pp — JJjj j

q2 >
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Vector Resonances in the W+Z channel @ LHC

@ We study , V', from a triplet, Vi, |74

/y Mediated only by |/
>

No severe QCD backgrounds
\ Clean leptonic signal

O channel very promising

@ Signals (pp — W+ij ] Lpp — £1= El EZI ET]JJ L pp — JJjj j

Key to VBS selection 4—-\

q1 >
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Results for W+Zjj final state
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Results for /T ¢~ ¢'T v jj final state

o(pp—> 446" ] ))[pb/25GeV]
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@ Very clean signal in the
leptonic channel
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@ Some scenarios are still very
visible above SM background
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Sensitivity to a in W*Zjj final state

@ Given My : @ Given (a — 1);
significance with significance with
LHC sensitive to for My € [1.5,2.5] TeV and £ = 300 fb—}
\
. - 200 — My =15 TeV i
Signal & Background definitions I My =2TeV |
S — NeI‘I/XM—MC . Nes‘}\/I(QCD‘FEW) : _ MV — 2.5 TeV
_ +SM(QCD+EW) - :
B = Nev 150+ :
e I Mygpo
g % i L = 3000 fb_l N |
b 100 Morrr—-
o ]
stat. significance P ' - :
S SO0 —— \
O-Stat B y— .""‘ :ﬁ —— —— \
/B : T — - := b
0 \ ! \ ! \ ! \ \
0.9 0.925 0.95 0.975 1
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Sensitivity to a in other channels

9
pp — £ 47 LS Erjj £ —=3000fH"1 *
| — My =1.5TeV
- — My =2 TeV _
< » My = 1.5 TeV T — My =25 TeV
o ]
< > MV — 2 TeV i 5; L =3000 b~ i
Poor sensitivity for My = 2.5 TeV v, ]
Al ]
@ Clean and controlled 2\ .
@ Requires High Luminosity I —
! 0‘9 | 0.9‘25 | O.‘95 | 0 .9‘75 | i
a
o o 70? | | ‘ p
pp — JJjj ESTIMATES L = 300 fb~! : o v
60; —MV=2TEV N
: — My =25 TeV
< » My = 1.5 TeV 501 1 i
o I L =3000fb~
< » My = 2 TeV £ 40f ]
EEN - |
< » My =2.5TeV b 30\\\ i
200 N
@ Very high significances! . — \
@ Depends on reconstruction efficiency | | ‘ '
%09 0925 0.95 09715 I
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@ optimal place to introduced by the
O from unitarized EChL
can be seen
—» 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
@® Study Resonances of 1.5 -2.5TeV —» broad to

» Depending on:
e final state

° |luminosity

@ Improving selection cuts + study other distributions might improve the results
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@ optimal place to introduced by the
O from unitarized EChL
can be seen
—» 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
@® Study Resonances of 1.5 -2.5TeV —» broad to

» Depending on:
e final state

+ luminosity THANK YOU!

@ Improving selection cuts + study other distributions might improve the results
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The Electroweak Chiral Lagrangian

@ Symmetries: —» SU(2);, x U(1)y and —» SU(2), x SU(2)g
EChL copy of ChPT in QCD

O w:t,z Wi,Z h

@ Building blocks:

a-_-a

DU = D, (eiwf ) W, Bu  F(h) =1+ Za% + b(ﬁ)z YV, = (D, U)UT

v

ZLecht = Z2 + %14 Relevant terms & chiral parameters for VBS

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

, 2 ................. »h=q WZ
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Unitarity Violation

@ Energy at which unitarity violation occurs is very sensitive to chiral param. values

@ At tree level, for the values considered a € [0.9,1], a4, a5 € [1073,1074] (allowed by exp.
Y €Xp

unitarity violation happens at the few TeV scale
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Selection of Scenarios

@ 5 different values of a for three lines of fixed mass value My,

@ Resonance properties My, 1'yy depend on chiral parameters

My (GeV)

098+

0.96 -

094+

092+

09->

0.5 1 15 2 25 3
(as—2as)-103
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Properties of resonances: top contribution

[S. Dawson, G.Valencia, Phys. Lett. B 246 (1990) 156]
@ Top loop contribution decreases with energy

@ Negligible with respect to Goldstone boson loops above | TeV

@ Subleading effects on resonance properties

F ‘ T T T T ‘ T T T T ‘
| I (2) — EChL olds. loops
10%: _ ECHL®. —SM = 104 | — EChLue. Golds. loop =
- tree ] - | gop@ —top loops
— r L ECthﬁ;‘” — top loops Py r loop
2. 10% ' 28 10% |—sM
/Q i Q i
+3 10%2 - +3 10%e -
T 1o SR
+l\2 \ - : +l\2 7
3 1E a,=95-107* 4 3 1E
\g B as=-6.5-107* ] \b/ E
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b €

Indirect constraints:
@ Relaxing condition b = a’ does not modify properties of resonances
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Our model: IAM-MC for resonant WZ scattering

® MG5 —» Prediction for resonance observables inW+Z —3% Works with FR as input

Chiral inv. Lagrangian to mimic 1AM vector resonances Q)

izg VvV -0 uv — x 7 Y — x 7 ur
Ly = 2V lmdy VO WEWS e mw mg VWL Z +mw mg V2 W 4

w
From Proca Lagrangian [G. Ecker, et al., Phys. Lett. B223, 425 (1989)]

AAM-—MC = L2+ Ly

W, Z
L A
i — ECLhGHY Fo=gM)™E oM}
10%E —IAM-MC g0 =fME  is>M |
- - gy(My)= 0.058
gv <«—» Form Factor —>M

° EChL %4 recovered for s < My,

a=0.9

|CosO|<1 -

° gV(M%/) = gV(a’a b, a4, a'5) ~ 10_2

:/ | My = 1479 GeV |

i Mw = Mz #0 Ty =42 GeV
| fy=0
10 L L ‘ L L L L ‘ L L L L : ‘ L L L L ‘ L L L L ‘ L L L L
500 1000 1500 2000 2500 3000
Vs (GeV)
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VBS Event Selection

® VES kinematics very characteristic @ cxtra [ets key to select VBS efficiently

nw,z| < 2 n=0

2 < njl <5
My Mj, < O -
mj; > 500 GeV] -

py > 20 GeV

leptonic final state

L]
. " "
.
Y

. .
.......

WZ final state

v
Mz — 10 GeV < meJZreg < Mz + 10 GeV
T — T
MWZ = MEBEV > 500 GeV

Transverse invariant mass < Er > 50 GeV
MZ,, = \/ (\/MZ(EZZ)—l— p%(é&)—l—lpTl)z! (Pr (L) + )2 p% > 40 GeV
10_2;“““‘ T T T3 1()—35““““““““““““‘
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21073 2 O ’
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B B S F
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— —4 e
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o~
= 105 N
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o,
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S 10°6 o
° o,
— b
1077

-5 -4 -3 -2 -1 0 1 2 3 4 5 500 1000 1500 2000 2500 3000



