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1.) Limits onNP-scale

high-rmass bounds
VS

low-mass bounds
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1.) R mass boundsdibosonresonancet S NOKS&afF GKHMrz4TV [l 0 f
- Analyses heavily rely on specific models, HVT niiheparticular

Current most stringent bound on EW triplet-V

— 104 _
= 10 - ATLAS Preliminary Observed 95% CL upper limit 3
E - T emmeeaas Expected 95% CL upper limit ]
34 — -1 [ Expected limit = 1o —
§+ 10 = /s =13 TeV.79.81b [ Expected limit + 26 3
= = vV — q9aq -_———— HVTmodeIA,gv=1 :
—— HVT model B, g, =3
J10°= » E
> = ]
m - _|
= 10 =
- = 3
T | -
g 1g E
© = 3
107 = * ATLAS-CONF-2018-016 =
10—2 _I [ —— I L1 1 I I - I L1 11 I L1 11 I L1 11 I L1 11 l L1 11 l l_
1.5 2 2.5 3 3.5 4 4.5 5
m(V’) [TeV]

(a) HVT V' - WW + WZ

- We note that these analyses aleminated by DY production

(x) Pappadopulo,Thamm,Torre,Wulzer, JHEP 1409 (2014) 060 .*._
A See review: Dorigo, Prog. Part. Nucl. Phys.100 (2018) 211 :
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2.) Contact 4fermion interactions:4f-ops. searchebaveestablished. | = 10-20 TeV

- LHCc dijetsanddileptons; yields the tightest bound<$

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HnCM
single y, A HhCM
inclusive jets, A+

Compositeness

inclusive jets, A-
01234567 8 910111213141516171819 TeV

CMS Exotica Physics Group Summary — ICHEP, 2016

- Similar strong bounds from LERnd Tevatron+LHC®*)

- Also bounds from love hadronic experiments *

(+) Zhang, Chin. Phys. C 42 (2018) no.2, 023104

(x) Aaboud et al. [ATLAS], PRD 96 (2017) no.5, 052004 (+) Buckley et al, JHEP 1604 (2016) 015
(x) Sirunyan et al. [CMS] JHEP 1707 (2017) 013 (+) Aguilar-Saavedra et al, arXiv:1802.07237 [hep-ph]
(X) [ATLAS], ATLAS-CONF-2014-030 * Aguilar-Saavedra et al, arXiv:1802.07237 [hep-ph]

(x) [CMS], CMS-PAS-EX0O-12-020 (x) 3rd generation: Greljo,Marzocca, EPJC 77 (2017) no.8, 548 * Isidori, arXiv:1302.0661 [hep-ph]
(-) Schael et al. [ALEPH and DELPHI and L3 and OPAL and LEP], Phys. Rept. 532 (2013) 119 * Jung,Straub, arXiv:1801.01112 [hep-ph].
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Scenaridl+2-WSR *

"M, from 1.5to 6 TeV |
ky, from O to 1
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* Pich,Rosell,SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801
J.J . Sanz Cillero

3.) On the other hand, EW precision tests still allow R at a fiaV/

Scenarid-WSR *

o ol

Kw

04 ]

0.2f

O_O_l.‘ Ly ]

*%

1st + 2nd WSR / only 1st WSR -
only 1st WSR ]

10° 7,

| L L L 1 L L L 1

0 o 2 I 4 6 8 o 10
M\ (TeV)
[ ** Pich,Rosell,S2004.02827 [hegph].
See |w 2 & Salk br(du 3@ July]
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4.) Likewise VBS and DY production searches on féeVResonances yields:
- ’P—

Al TeVC LHCclearlynot yet sensitive

AL x TeVC might be seen at HLHC (& GeV)

pp — WZjija W,Z,h
by WZ — WZ scattering R S\S\}
W,Z,h
WZVBS*
W T 50.1
Foo Wh-DY ** Jooi
3 ™, - e
Sk g 40,001
&t B, :
gF R <0.0001
aF ey, — i
BF e R 11e-05
E . \ 3
B X 41e-06
8l — F=1+F MM ‘\ 1607
''''' " ' H.... F,=1 1 le-
—SM-QCDEW ] I —SM-QCDEW ] E A @ . % 7
i~ — SM-EW | = — SM-EW ] f===F, =1+s/(M"-iMI-s) '»_\\316-08
] S = e
= BP3 = BP3 ] E TeV
: = | wTeV)
z z -
3 3 WW-VBS3¥

-4
1000 1500 2000 2500 3000 10 1000 1500 2000 2500 3000

Myw (GeV) M

ww (GeV)
* Delgado,Dobado,Espriu,Garcia-Garcia,Herrero,Marcano,SC, JHEP 11 (2017) 098
(x) Delgado,Garcia-Garcia,Herrero, JHEP 11 (2019) 065
** Dobado,Llanes-Estrada,SC, JHEP 1803 (2018) 159
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2.) Suppressing

fermionicEFT operators

(x) F. Alvarado, A. Guevara, SC, arXiv:1909.00875 [hep-ph]; Acta Phys.Polon.B 50 (2019) 1937-1953; in preparation
Further details:
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https://drive.google.com/file/d/1zPuZs4bqBwbw2Bg17s2uiiPYh3UOKmHz/view

Als it possible to conciliate these results?

-

LHCexpsearchesexclude lowMg

DYA tiny s even forM;~3 TeV

S+Tallow My~ 1¢5TeV

J

(" Four fermion operators very suppressbi [VBS\ tiny s even for My~ 1¢ 3 TeV )

J

AA simple scenario solution motivated by tB&’analysigcCata,Isidori,KamenikNPB8222009)230-244]:

SM fermions couple to R via EW gauge bosons

AL ow-E HEFTF no directinteractions between NB SM fermions?

J.J . Sanz Cillero
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R contributions to loke HEFT *

Custodial symmetry SU(2)ASU(2)/SU(2) .=
+
E Resonancé.agrangian V.A.S, PEermionicR
+ EWsinglet, doublet & triplet
UV completion hypothesis Coloursinglet& octet
a0 FeW
Sumrules

My N

Ao i . . *k i
: i Resonance contributions™ |
Mass gap ito the HEFT lowenergy couplings
v t A LowEchiral expansion in thelEF Tl fl.  fl 8
....................... h 0 4 A 0
SM content yy, 7 P (Fk(/t) p° Twp®  p ) 6
, M2—=2) ~ — + — m—+..| + 0O
MBosons: ( )~ V2 16752 2 (p")
Smglet Ih' * Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012;
EW Goldstones M@’ Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
gauge bosons ** See also: Alboteanu, Kilian, Reuter, JHEP 0811 (2008) 010; Pappadopulo, Thamm, Torre, Wulzer, JHEP
A:ermiony 1409 (2014) 060; Corbett, Joglekar, Li, Yu, [arXiv:1705.02551 [hep-ph]]; Corbett,Eboli,Gonzalez-Garcia,PRD93
LR

(2016) no.1, 015005; Buchalla, Cata, Celis, Krause, NPB917 (2017) 209;
de Blas,Criado,Perez-Victoria,Santiago, JHEP 1803 (2018) 109
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Impact ofthisd w S & 2 x[g;aly’géﬁse a2y Wihe HE)F'EP‘&

L = L0 4+ > Lr, Lr = Z(RWD"’”*P"RPU + MERu R™ ) + (R Xty )
R=V.A
i v Y137, . G‘ o, v Nlliv Yl v 7
Xy = 2\/_ (Fv 17 + Fy f£ )+1ﬁ[u LU ]+ﬁ[(0 h)u” — (0" h) ut] .
(similar for A)
CEWET _ — (EWET | EWET | EWET |
R— Ret
: EWET _ (2)
- Terms froranon—R' O(pZ)A ’C’Q - Lnon—R’
1 LV
- Terms with D fromL;®): O(p*) A CFVEE = - Z W(XR.WX‘}; )
R=V.A R
AL , EFT fermionic operators: absent
AL , EFTcustodial breaking ops: absent

(*) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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1%
- Termswith 6 D fromL,®: O(F)A L6"°" = — > Q(V’)(Xﬁ‘f)”)vﬂ(XR ))

2 2
R=V,A M Mg

A Resonance gauge boson mixing: terms in the HEFT witlhe structure ofl_,
(but the suppression dfy)

2F%
LeT = S W ALYVET o myy, 4 p?

A Diagrammatically:

s =
E<<M HEFT
EoM A
. “O
X Q —
(§)

(x) F. Alvarado, A. Guevara, SC, arXiv:1909.00875 [hep-ph]; Acta Phys.Polon.B 50 (2019) 1937-1953; in preparation
Further details: https://drive.google.com/file/d/1zPuZs4bgBwbw2Bg17s2uiiPYh3UOKmMHz/view
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https://drive.google.com/file/d/1zPuZs4bqBwbw2Bg17s2uiiPYh3UOKmHz/view

AL , EFT fermionic operators: present [O(pPP) suppressed]

A Usual experimtzentawaramatrization
T )y N - o/ combinations of
ZLEWET D %q - F (nﬁ‘]l{lj(.u + n”"‘]}’l]i'u + 2771%];1]('”) Fj[y4 couplings in_ ;]

A Most string bounds$: 1Ny =Ny =N = —1 ==A = 20 TeV.

A Our prediction:

—— S -
- ~ -~

il 2.2 -4 3

— = — X
A2 M7PF Ll 24vAME - r2(r—1)

-~
Dl RS

* Two Weinberg SR employed:

96-107° (1 Tezvz) F?—F} —v? =0and Mg — FiM3 = 0.
v
r=M3/M | lower bound for My
1+1072 1.9 TeV
A >20 TeV 1.1 0.6 TeV
2 0.3 TeV
(+) See, e.g., rev: Aguilar-Saavedra et al, arXiv:1802.07237 [hep-ph] oo 0.3 TeV

(X) F. Alvarado, A. Guevara, SC, arXiv:1909.00875 [hep-ph];
Acta Phys.Polon.B 50 (2019) 1937-1953; in preparation. Further details: hitps://drive.google.com/file/d/1zPuZs4bgBwbw2Bg17s2uiiPYh3UOKmHz/view
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https://drive.google.com/file/d/1zPuZs4bqBwbw2Bg17s2uiiPYh3UOKmHz/view

A, EFT custodial breaking ops: present [O(pP) suppressed]

A Our predictioncaveat, loops* neglected] « Two Weinberg SR employed:

4mv? r-+1 F}—F2—v? =0and FEM} — F2M3 = 0.
M ‘2/ ro’ r=M3/M; lower bound  for My
I R R 3 68%CL 95%CL
,/ v N
T—Cn (mz —miy) m%*, 1l [+10°3 52TeV  40TeV
.. M{A miy’ r>(r—1) 1.1 5.1 TeV 3.9 TeV
----- o i 2 4.5 TeV 3.4 TeV
® pT1r ( ) X TU (in practice) > 3.7Tev 28 TeV
0.4 2. x10°® \
02 :
[ / -4.x107°%F
0.0 / =
L 0 -6.x107°F
0.2 |
A2 2 _
where 7= My / " 1eowsr | -8x10°142WSR -
' :(no loops) (noloops) \ J
o4 -02 00 02 o4 0.04 006 008 010 0.12
s S
() F. Alvarado, A. Guevara, SC, arXiv:1909.00875 [hep-ph]; * Pich,Rosell,SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801

Acta Phys.Polon.B 50 (2019) 1937-1953; in preparation. Further details: https://drive.google.com/file/d/1zPuZs4bgBwbw2Bg17s2uiiPYh3UOKmHz/view
J.J . Sanz Cillero
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https://drive.google.com/file/d/1zPuZs4bqBwbw2Bg17s2uiiPYh3UOKmHz/view

3.)) Conclusions




V Optimistic message:
= NP can be just around the corner (a few TeV), crouching

= Okwithi b 0 s aneaswurements

= It just needs a proper YO (X} suppression.

@ @

V This scenario (helped out by the HEFT & the chiral expansion) solves this issue

= A pattern that fits this structure

would be:

V Resonances with 4 4% TeV perfectly allowed

= LHC searches: R production, WW scat: naturally small (difficult; long term)
4-fermionops.( Acomp o si t e Mmetsesy@onsitive)
= Low-E searches: deviations in low-E bosonic EW precision observables

(low E EW scale) (maybe better; t h e mplacé ® exp.improve; long-term)
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BACKUP
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Low-energy chiral expansion in the HEFT|

AThough not the simplest organization, it is the most general

Finite pieces from loops

AExpansiorinnontf A Y S NJ 9C¢ QayY F (amplitude dependentf”

2 Fulu 4 T 1 2
M(2—2) = p_2 + ( <) P <D 111p2—|—.\4) + 0(p%)

v v 1672v?2 [
LO (tree) NLO (tree) NLO (Hoop)
suppression Typicalloop suppression
~1/M2b X ~ G/ (16p?v?)
(heavier states) (non-linearity)
/T\ N
** Cata, EPJC74 (2014) 8, 2991
** Pich,Rosell,Santos,SC, [ 1501 foAheanih@HTYAM-05-20 100% determined
** Pich,Rosell and SC, JHEP 1208 (2012) 106; by L 5
PRL 110 (2013) 181801 [ Guo,Ruiz-Femenia,SC,
PRD92 (2015) 074005 ]

*** Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342
*** Alonso,Kanshin,Saa, PRD 97 (2018) no.3, 035010
*** Buchalla,Cata,Celis,Knecht,Krause, NPB 928 (2018) 93-106

[See C. Quezadalkw 2 & St f Qa
talks on Thursday
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Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
Also see, e.g., rev: HXSWG Yellow Report (non-linear EFT Sec.), arXiv:1610.07922 [hep-ph]
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(i) SM content:
- Bosons: Higgsh + gaugdosonsWe B (and QCD)
+ EWGolsdtonesnt,z [non-linearlyrealizedvia Uwa) ]
- Fermiongy: (t,b)-type doublets

(i) Symmetries:

ASM symmetry: Gauge sym. group G~ SU(2)x U(1), (and QCD)
Spont Breaking (EWSB) GgyA Hg= U(1)y
ASymmetry of the SM scalar sector:

Global CHIRAL sym. G =SU@X SU(Qx U1y, E G,
Sp.S.Breakintp Cust.sym GA H=SUQ)x U1y, E Hgy,
Explicit Breaking: lew | Aa8YYSONE 27 GKS 3l dA3aS

te b splitting (r'1,)

(iif) Chiralpower counting:

[boson] e order 0 (~p°)
[gW'e B[ &0=[g]l=[,]=m }=ly¥] ¢ order 1 (~p")
weak SM fermion couplingy y] 2 order 2 (~p?)

* See, e.g., rev: HXSWG Yellow Report (non-linear EFT Sec.), arXiv:1610.07922 [hep-ph]
* Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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=
—
AS)
~—
I
D
>
i®)
—_
~.
Qy
AS)
~
—
(N}
<
—
—

AEWEffectiveTheory(EWET £Wcl = HEF)E

- Chiralexpansion: Lywer = ZEE‘!&ET
d>2

- O(P), LO(ESM): 2P = Y iy du —v (&L YEr + he)]

3
_ L(W Wy, — L(]_Eg By, — L(@ LG
292 v 2 29/2 [z 2 29‘? 3
+ 18 ho'h — lm2 h?* — V(h/v) + U_E}_ (h/v) (u,u")
2" 2 h 47 S
2
with F,=1+ 23}1 - bv}; + O(h?) , AsNng bsy = 1

- O(p), NLO(pure BSM):

3 8 3
Ciwer Z]: h/v) Zj'; (h/v) O; + Z.F;'J(h/v) O;‘J + Z]?f-"'z(h/z') (5:)
10

+Z]—" (h/v) Of +Z}" (h/v) O

(x) Buchalla, Cata, JHEP 1207 (2012) 101; Buchalla,Cata,Krause, NPB 880 (2014) 552-573
(x) Alonso,Gavela,Merlo,Rigolin,Yepes, PLB 722 (2013) 330-335; Brivio et al, JHEP 1403 (2014) 024
(x) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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AList of CP even operators :

[Caveat: no flavour]

(x) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041,

; o, o o' i 0, oY’ o
U O P = £ F e | (sl )y | (JsiTs) Ul el ) | (T e | (TET )
2 %< ¥ e+ 5 w2 | (I [ o] )2 {JpTp)2 2 (Y f— )2 %(ZL,,J?V)Q (S )2 Ja )
3 L ] )s (I f ) (Js)2( s )2 3| @) gy, | (0T, -
4 (wuy, Yo {u'u” Yo X (5 ) (Jp)2{Jdp)2

5 (wut Yo (uyu” )y # (uJp )2 ( STy,

6 | GOy | (T | ()

| GO ey, | GRITR g ()

g | GRUENE@AER) | (g ey | () Ty)

9 M (" u, o — (IE T )2

10 (T o (Tur)s — (I Yol Tp )

11 X, X1 — —

12 (G G ) — _

JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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Low-energy chiralexpansion in the HEFT

AThough nothe simplest organization, it is the most general

Finite pieces from loops

AExpansiorinnontf A Y S NJ 9C¢ QayY F (amplitude dependentf”

2 F 4 T 1 2
M(2—2) = p_2 + ( <) P <D 111p2—|—.\4) + 0(p%)

o 2.2
\% v2 167V [
LO (tree) NLO (tree) NLO (Hoop)
suppression Typicalloop suppression
~1/M2b X ~ G/ (16p?v?)
(heavier states) (non-linearity)
/T\ N
** Cata, EPJC74 (2014) 8, 2991
** Pich,Rosell,Santos,SC, [ 15 0 1 foAhédnHh@HTYAM-G5-20 100% determined
** Pich,Rosell and SC, JHEP 1208 (2012) 106; by L 5
PRL 110 (2013) 181801 [ Guo,Ruiz-Femenia,SC,
PRD92 (2015) 074005 ]

*** Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342
*** Alonso,Kanshin,Saa, PRD 97 (2018) no.3, 035010
*** Buchalla,Cata,Celis,Knecht,Krause, NPB 928 (2018) 93-106

At

. L P g'? A :
Aindeed, the SM has this arrangement but witlg=z ~ G2 @2 @2 < 1 hence &
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Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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HighenergyLagrangian

LHER, light] = Ly[fight] + Lx[R, light] + £ [/ight

with the most general lineatresonance O@) operators (chiral + CP invariance)

UMZ
Lr = LR™[R] + Ryr[light] + O(R?)

ez’S[Xs%/)]EFT — /‘[(],R} ez’S[Xw‘),R]

tree—_level ez S[X:"‘:‘J)7erl.]

Low-energyLagrangiarftree-level)

: 1 4
A Solve Romat low energies: R.[fight] ~ < rlfight] + O (1\1314 )
TR

S (™~
o I I
A Evaluate £FFT[right] = CHE[R,[fight] . fight] ~ Lo[fight] -+ %l(w“;l[figln:])2 +
(AT =1
| |

-— = =

* Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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AThe HigkE Resonances leavespecific imprint in the LowE couplings®)

- Contributions topurely bosonic operators

i AF; AF, i AF;
1 K _f‘z n Fi —ﬁi _ﬁ\'G\' _ FAC?A 7 d?z n )\,1"4‘21’2 n X’lr‘-_2l’2
ANz, 4N, 2My,  2M3, 2Mp, M3, M,
2 _F\‘z' +F\2_F—21+Fi _F\'E\'_Fiﬁi 8 0
5| _FGy  FiGa LRV MYy 9 RN R
2MP, 2M, M, M3, M3, M,
G & G _ G
4 Y+ 4 — 10 ——L -7
AMP,  AM, 2Mg, 23,
2 2 2 2 2
| g G GE B " YRR
P AMI T AME T AN, M?,l A[%]
1 3 “13 1 1
6 _)\’1)‘. 21'2 B /\?.—l 21‘2 B . B (C(‘,')z B (5(_;)2
M, M3, QM 2Ms
3 “13 1 ‘71

+ Contributions tg/ 2 andy # operators (more tediousy)

[ Relation with] 2 y 3 K Adﬁ)wp&ﬁ@sﬁj Qa+ O(h); notice: & ,relabelled ]

(*) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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S-parameter and form-factor couplings
(bounds after using exp S+T in 1+2-WSR scenario)

0 T T . 0 : .
-2t / Ll /
(S \ 4 & o
El W3B-correlator ‘S l gt A W AW,
Ll (Sparameter) L (vector formfactor) |
A 4 I 10 S 4 6 8 10
My (TeV) My (TeV)
0
o
4l
W -6
N
T
o i Z*A W W
BV (axial formfactor)
E i ; i0
My (TeV)

* Pich,Rosell and SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801

* Pich,Rosell,Santos,SC, PRD 93 (2016) no.5, 055041
J.J . Sanz Cillero
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[Theorj' ] VBS and HBS couplings

(bounds after using exp S+T in 1+2-WSR scenario)

Awawb A we wd scattering Ag @ w*w scattering
04 .: l‘ T T T 04 T T T T
0.3 ] — 03}
[y |
0.2 W 0.2
o S
- lag]
. =
0.1} . — 0.1}
0.0 0.0

4 6 8 10

[

4 6 8 10

[

My (TeV) My (TeV)
AwawP A hh scattering AhhA hhscattering C 0
0.0 .
—-0.1
@3_01
£l C HEFT couplings in the range
—03 2 2 3 4
/i F.a,a ~-viIMg ~10°¢10
o S S S T

* Pich,Rosell and SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801
My (TeV) * Pich,Rosell,Santos,SC, PRD 93 (2016) no.5, 055041
J.J . Sanz Cillero
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Astillfar from currentexperimentalprecision 3 oe

althoughrecentimportantimprovementsfrom VBS:

0.2

[ATLAS], PRD 95 032001 (2017) ,

llIITIIIIlllllT[lllIllllTlllllllV

ATLAS

lllllllllllllll[lllllllll

Vs =8TeV, 20.2 fb”
. K-matrix unitarization

-0.2
0.4 — |
—— obs. 95% CL, WVjj | ™
0.6 exp. 95% CL, WVjj
—— obs. 95% CL, W*W’jj |
o8l " exp. 95% CL, W*Wrjj
e obs. 95% CL, WZjj
A Usefulto observethe summary ® . 995 0L, 2]
Illllllllllllllllllllill
SM 0.5 0.4 -0.3 0.2 -0.1
(x) Delgado,Dobado,Espriu,Garcia-Gar¢ia,Herrero,Marcano,SC, JHEP 11 (2017) 098 ' '
4 [
I 3 uchalla et al, 68 % CL
— I 1. AS . 95 % CL (2014)
a l I M S, 95 % CL
T [
[
a;- 107 , NN | EP. S - varigble, 68 % CI
1 |
[
A —[ EP, 95 % CI
+ !
|
) I [ EP . 95 % CI
3__ [
ATLAS, 95 % CL (2017)
) ATLAS, 95 % CL (2014)
614 LEP. 90 % CI
ATLAS, 95 % CL (2017)
as ATLAS, 95 % CL (2014)
—4 ] LEP, 90 CL
" I T S N R T T S T N T S S TR [ T S SR S (N T S S TR S S S T S R L1
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AHVTdibosonsearchesin practice DYdominated

4871'2%@' dLqq
ANZ  ds

I+
@)
A

FV—)i ]

j

Yij = X By _dibos
My

o(pp — V — diboson) =~ Z

q.q

Astrongesboundsfrom HVTFB @,=3)®

§=M2

C Exclusiorin the (mass,coupling) planeandthe QY4 scalel ()

\

2r _ 3 _ =
A (TeV) Ly=%2 (e (qur*au)(quy,gr) + nrr(Zr7" qr)(GrY,4R)
+ 2nR(GrY"aR ) (GLY4q1))- '
0.06
800 02 2
27 J— n f¢2 n flO integ. V. Ceogp
2 =77 8 4 2
A 4 4My;
600
=
& 005
Y% A L =410TeV
400
200
0.04
0.8 09 1 2. 3. 4, 5. 6.
MV (TeV) (x) Pappadopulo,Thamm,Torre,Wulzer, JHEP 1409 (2014) 060

(*) Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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EXAMPLE ¥ ® S.parameter + 2 WSRIS 1t + 2d\WSRs | (95%CL): | M, > 4TeV

- 0.94 < ak,, <
- - - - MV 1
= 5 \\\ :bmall spllttlng due to
\\\ ‘ ‘ Genstralnts from WSR:
V,A resonances +ldop + 2 WSRs - R = M /M3
9 4 9 —04}
v : a” — 1 Mg 5
S s —167r|: (1'1-(1\[\’) + : 5) (]]1 }) + i,) ] ) o2 y
e \192/1’- 77‘1}; 6 S
______________________ ~—2x 1073 6105
i v? v E A_2 ~ (5 TeV) 2 ~obx \ 2 i
IV, VR | ) A2~ (30TeV)” L“fgi}gggui
EXAMPLE 2: . () g A WW,
(only charged shown here) . 4
A;;;ow LWL _ —5[ 2ac! + 8(a] —aj+aj) + —-,-ﬂ—(; ~_ ]
¥ w Y W Yow W v N ~ —~ s v
S by ~6x 107 ~0.5x 10 ~—15%10°8
T T A2~ (3TeV) 2 AP~ (10TeV) ™\ 2 gy

Y - i
A -1
,,;-"';' =~ Yo wq*\_-. e's — ! :OC Rl_]mn !
: v ry - M 1672 |
“’“‘fv/ e w e w430
wh/h wi ,:'_(\w W? "_(‘w .
JUUS.2 S e e Y more (x) Pich,Rosell and SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801
y w Y Y
11 12
* Delgado,Dobado,Herrero,SC,JHEP1407 (2014) 149 (+) Inputs: Buchalla,Cata,Celis,Krause, EPJC76 (2016) no.5, 233

J.J . Sanz Cillero Suppression of fermionic operators in the HEFT



| TS 1 . Voo e WGV e
Ly = ——Tr(V V) + = METr(V, V) + Tr (Vi f) + —==Tr(V,,, [uk, u”]),
Vv 4(u )2V(u)2\/§(u+) 2\/§(M[ ])
/0
ayra VN Vs
V b

U, = zu(DHU)Tu, with w?>=U
= - (uTW””u + u].g’””ujf) ,
VX = 0,8 + [T, X, with T, = %(FL +FR)
b= ul (0, +i 57W, ) u, i — (8 +i%TBB) T
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SUMMARYb ! Q+9 &/ 1 Lw!|[[Q /h!b¢LbD

AdéChiraf counting*
X 0 :" L 1 -
i O(-p) T A O(pz) ¥ Oy My, my,  ~ O(p)
o h Wi B,
andfor the buildingblocks, u(¢/v), Ule/v). = —= ==~ 0(")
D;LU: Uy Wm B,u ™~ O(p) ;
Wuua B,uuy f:l:,m/ ~ O (pQ) )
Oy, Opy 0y, F(Rjv)  ~  O((p"),
: : . : ':“ -~ 0 (p%)
AAssignmenbf the ¥hirakrlimension * T R e
Nr/2

»\ W j
ﬁ oo~ A, pd_NF /2 % E K * Manohar,Georgi, NPB234 (1984) 189
pd (d) ,U2 v * Hirn,Stern 6 0 5

j * Buchalla,Cata,Krause 6 1 3

* Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041;
JHEP 1704 (2017) 012
* Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092

J.J . Sanz Cillero Suppression of fermionic operators in the HEFT



HighenergyLagrangian

LHER, light] = L,[fight] + Lx[R, fight] + £ [/ight

with the most general lineatresonance O@) operators (chiral + CP invariance)

UMZ

w (2) w 1 Gy v F‘ w /\h‘ ', v w
(e.g., a vector triplet X}y’ = )\/— P+ \/—[ u”] + \/—f‘ t 5 [(0"h)u” — (& h)u] + Cy Ty

LowenergylLagrangiargtree-level)

Mp,

. 1 4
A Solve Rromat low energies: R, [fight] ~ T \r[light] + O ( D )
TR

(e.g.,for avectortriplet )
(~ "1
I I

A Evaluate CEFTfight] = CHE[R4[fight] ., fight] ~ Ca[fight] +1 %I(}LR[ﬁght])i + ..
(AT =1

-— = =

* Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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