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Outline

1.) BSM searches & NP scale: high-mass bounds vs low-mass bounds

2.) A simple scenario: naturally suppressing SM fermion interactions

3.) Conclusions: possibility of NP statesat 1 — 2 TeV
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1.) Limits on NP-scale:

high-mass bounds
VS

low-mass bounds
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1.) R mass bounds: diboson resonance searches* “have established “ | Mr = 4 TeV

- Analyses heavily rely on specific models, HVT model® in particular

Current most stringent bound on EW triplet-V
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(a) HVT V' - WW + WZ

- We note that these analyses are dominated by DY production

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

- LHC - dijets and dileptons- yields the tightest bounds: %

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 LEP") and Tevatron+LHC )

- Also bounds from low-E 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].

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



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

Scenario 1+2-WSR *

Scenario 1-WSR *

*"M, from 1.5t0 6 TeV|
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[ ** Pich,Rosell,SC, 2004.02827 [hep-ph].
» th
* Pich,Rosell,SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801 See |. Rosell’s talk on Thu 30* July ]
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4.) Likewise, VBS and DY production searches on few-TeV Resonances yields:

* Mp~1 — 3 TeV = LHC clearly not yet sensitive

e Mp~1 — 2 TeV = might be seen at HL-LHC (3 ab™! & I, > 40 GeV)

0
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* Delgado,Dobado,Espriu,Garcia-Garcia,Herrero,Marcano,SC, JHEI‘3 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

fermionic EFT 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

* Is it possible to conciliate these results?

LHC exp searches exclude low Mg

-

/" Four fermion operators very suppressed\

J

DY -2 tiny ¢ even for M; ~ 3 TeV

S+T allow Mg~ 1-5TeV

\-

" vBS> tiny ¢ even for M; ~ 1 -3 TeV N

J

* A simple scenario solution motivated by the DY analysis [Cata,Isidori,Kamenik, NPB822 (2009) 230-244]:

SM fermions couple to R via EW gauge bosons

(&

e Low-E HEFT if no direct interactions between NP <~ SM fermions?

J.J. Sanz Cillero
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R contributions to low-E HEFT *

Custodial symmetry SU(2),®SU(2)./SU(2),.x
+
E Resonance Lagrangian V.A,S,P, Fermionic R
+ EW singlet, doublet & triplet
UV completion hypothesis Colour singlet & octet
4nv =3 TeV
Sum-rules

M, N

A | S |
: i Resonance contributions *** |
Mass gap ito the HEFT low-energy couplingsi
v t * Low-E chiral expansion in the HEFT: Lygrr = L, + L4 +
....................... 0 4 A 0
SM content 7 M2 p Fe(p)p®  Tkp®  p 6
—2) ~ =5 + - m—+..| + 0O
*Bosons: ’ ( ) V2 2 16:2v2 2 (p”)
singlet h,
g 3 * Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012;
EW Goldstones U((’) )' 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
R . 1409 (2014) 060; Corbett, Joglekar, Li, Yu, [arXiv:1705.02551 [hep-ph]]; Corbett,Eboli,Gonzalez-Garcia,PRD93
Fermion \l’L,R (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 of this “Resonance — gauge-boson mixing” in the HEFT?

1 LV LV
L= L2 o+ Y Lr. Lr = TR D7 Ry + My Ry R ) + (R Xy ).
R=V.A
o = (Fy 127 + I?Vf’”’) + zG—‘L [u",u”] + 1 [(O"h)u” — (0"h) u"] .
‘ 2f T 2Y2 V2
(similar for A)
LEWET _ o _ LEWET_|_LEWET_|_LEWET_'_M
R— Ret
2
- Terms from Lnon-R: O(pz) > LEWET - LI(IO)II—R )
1 LV
- Terms with 4 D, from L; *): O(p*) > LyVEE = — Z W(XR.WX% )
R=V.A R
L, EFT fermionic operators: absent
* L, EFT custodial 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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v
- Terms with 6 D from £ ¥):  O(p€) > LV = - Z 2(V? (XRZ’”/) V. (XR ) )

* Resonance — gauge boson mixing: terms in the HEFT with the structure of L,
(but the suppression of £;)

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

* Diagrammatically: R
Fr  Fp
—=> =>
E<<Mg HEFT
EoM A
L
Mg

(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

L, EFT fermionic operators: present [O(p®) suppressed]

- Usual experimental paramatrization:

2T
LEWET D ZLyg = =

[ combinations of

(TI[(JLJ('“ + nrrJ;;Jr'u + 2771‘(‘]12‘]&“) &4 couplings in L, ]
> Most string bounds ®: Ny =Ny =N = —1 ==A = 20 TeV.

— Our prediction:

———— -
-
- ~ -~

A @22 e 3
2r 1 4’mz 8mymyy + 7m:W "+ 1 Wwhere r = M3 M}
A2 ME 24N (- 1)
-& - * Two Weinberg SR employed:

0610 S(ITezvz) F} —F}—v* = 0and F}M} — FIM3 = 0.
%
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] S 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

L, EFT custodial breaking ops:

= Our prediction [caveat, loops* neglected]:
P

present [O(p®) suppressed]

* Two Weinberg SR employed:

4mv? r-+1 F}—F2—v? =0and FEM} — F2M3 = 0.
M‘2/ ro’ r=M3/M; lower bound  for My
B A R G 68%CL 95%CL
PR % T i
T —Cn (mz —miy) w3, +1 | [+1073 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
4 (o]
—45-107% (1 ng ) ~ 0 (in practice) 3.7Tev 2.8 TeV
1% o S ——
0.4 —2.x10‘6\
02 .
[ -4.x107°
= 00 = [ . 3
[ -6.x107°F
-0.2] I
22 | _
where 7= My / ﬁV4;1+2WSR -8.x10° 14+2WS
' :(no loops) (noloops) \ J
o4 -02 00 o2 oa 0.04 0.06 0.08 0.12

S
(x) 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
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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

= Ok with “bosonic” measurements

= It just needs a proper R — ff suppression.

w @

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

= A pattern that fits this structure

would be:

‘/ Resonances with Mg ~1 — 2 TeV perfectly allowed

= LHC searches: R production, WW scat: naturally small (difficult; long term)
4-fermion ops. (“compositeness”) (not very sensitive)

= Low-E searches: deviations in low-E bosonic EW precision observables
(low E < EW scale) (maybe better; there’s place to exp.improve; long-term)
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BACKUP
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Low-energy chiral expansion in the HEFT

* Though not the simplest organization, it is the most general

Finite pieces from loops

e Expansion in non-linear EFT’s: * (amplitude dependent) )
2 4 4 2
| Filp)p I'vp P \/ 6
M2—-2) ~ = + 5— — s—=In—+..] + O(p")
\% A 167V [
LO (tree) NLO (tree) NLO (1-loop)
suppression Typical loop suppression
~1/M? + ... ~T/ (1672v?)
(heavier states) (non-linearity)
/I\ N\
** Catd, EPJC74 (2014) 8, 2991
** Pich,Rosell,Santos,SC, [1501.07249]; ‘forthcoming FTUAM-15-20 100% determined
** Pich,Rosell and SC, JHEP 1208 (2012) 106; by Lz
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. Quezada & I. Rosell’s
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 y: Higgs h + gauge bosons W? B, (and QCD)
+ EW Golsdtones ®*,z [non-linearly realized via U(®?) ]
- Fermions y: (t,b)-type doublets

(ii) Symmetries:

* SM symmetry: Gauge sym. group Gy= SU(2), x U(1), (and QCD)
Spont. Breaking (EWSB) Gy 2 Hgy= U(1)ey

* Symmetry of the SM scalar sector:

Global CHIRAL sym. G =SU(2), xSU(2), xU(1);, D Ggy
Sp.S.Breaking to Cust.sym. G > H=SU(2)_,:xU(1);, D Hgy,
Explicit Breaking: L& R asymmetry of the gauge sector (g,g’#0)

t&b  splitting (A, # A,)

(iii) Chiral power counting:

[boson] & order 0 (~p°)
[gWr]=[g'B*]=[d,]=[g]l=[A,]=[m,]=Lwg] order 1 (~pt)
weak SM fermion coupling [ yy ] & 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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* EW Effective Theory (EWET = EW yL = HEFT):
- Chiral expansion: Lewer = Z EE‘%ET
d>2

- 0(p), L0 (DSM):  Liyr = > [i§y"du& —v (&L VEr + hc))]

1 . . 1 Aa 1 - AL
BETE (B B" )2 — 2_gq<G G

1 m 1 279 UZ H
+50uh 0" — Smi b7 = V(h/v) + — Fu(h/v) (wa)s

) 2ah  bh? )
with F,=1+ a + — + O(h®), being asy = bsy =1

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

3 3
L Z}' h/v) Zi(h/e-) O + > F(hjv) 0 + Y F(hjv) OF

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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e List of CP even operators :

[Caveat: no flavour]

i 0, o o' @) oy o)

UL e = e | (s ys | (Jss) S s | (T w)e | (T

2\ S S Far+ g2 | Tu] ) (JpJp )2 (S )s %@L,,J;" ba | (0 )2( Ty
iy, Jh “

3 5 (S [ws ] )o (A Fopw )2 (Js)2(Js )2 @}é/_l)< 0V | (T (1, T)s o

4 (i )o (u'u” Yo X (5 )2 (Jp)2{Jdp)2

5| Gmarmarye | P g | ()

6 | GOy | (T | ()

T O ey, | GBI ) | ()

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

9 M (" u, o — (IE T )2

10 (T o (Tur)s — I )2 ()

11 X, X1 — —

12 (G G ) — _

(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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Low-energy chiral expansion in the HEFT

* Though not the simplest organization, it is the most general

Finite pieces from loops

e Expansion in non-linear EFT’s: * (amplitude dependent) )
2 4 4 2
| Filp)p I'vp P \/ 6
M2—-2) ~ = + 5— — s—=In—+..] + O(p")
\% A 167V [
LO (tree) NLO (tree) NLO (1-loop)
suppression Typical loop suppression
~1/M? + ... ~T/ (167%v?)
(heavier states) (non-linearity)
/T\ N\
** Catd, EPJC74 (2014) 8, 2991
** Pich,Rosell,Santos,SC, [1501.07249]; ‘forthcoming FTUAM-15-20 100% determined
** Pich,Rosell and SC, JHEP 1208 (2012) 106; by Lz
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

2 ()2 2 .
- £
* Indeed, the SM has this arrangement but with 757207 ~ 42 2 (4;)2 < 1. hence 6

\ N
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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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High-energy Lagrangian

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

with the most general linear resonance O(p?) operators (chiral + CP invariance)

ﬂMZ
Lr EKm[R.] + R}\R[(igllt] + O R2

et Shevlerr — /‘[dﬁ’l et S

tree—_level ez S[X:"‘:‘J)7erl.]

Low-energy Lagrangian (tree-level)

. 1 !
* Solve R eom at low energies: R [fight] ~ —gr[light] + O p4
MR Mg
| S (™~
I I
* Evaluate CFFT[right] = CHE[R,[fight] , fight] ~ Calfight] +i %I(RR[fight])g +
(AT =1
I I

* 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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* The High-E Resonances leave a specific imprint in the Low-E couplings: (*)

- Contributions to purely 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' +ﬁ\2_F—21+fi _F\'E\'_Fiﬁi 8 0
811[2-1 817\.[21 4.’7\.[24 4;&[21
‘3 ‘-‘:5 ‘.‘} ‘43
3 _F['G\' . ﬁ’{é{ _F\';\Vf‘vl‘ _ f4/\’1"4l' 9 _F,.V\lll‘-‘l‘ _ F‘\'X’lwl‘
2MP, 2M, M, M3, M3, M,
G G2 & A
4 v+ 4 — 10 —— — ——
AMP,  AM, 2Mg, 23,
2 2 ~2 2 2
g G Gy B " YRR
P AMI T AME T AN, M?,l A[%]
21 3 “3 1 1
6 _XI]:\- 21'2 B /\?.—l 21‘2 B . B (C(‘,')z B (5(_;)2
M, M3, QM 2Ms
3 “13 1 ‘71

+ Contributions to y? and y* operators (more tedious) *)

[ Relation with Longhitanos’s couplings F; = a; + O(h); notice: a;,; 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
MY' (boundps after using exp S+T in 1+2-WSRpscegnario)
0 T T : T 0 T . .
o ':::j/ | B /
S ” S
= W3B-correlator = YEDW W
o (S-parameter) o (vector form-factor) |
[ R S S e e M
My (TeV) My (TeV)
0 —
ol
_al
W -6
= 8
~ 1o}
nf Z*>W W
b i (axial form-factor)
) i 6 § 10
My (TeV)

* Pich,Rosell and SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801
* Pich,Rosell,Santos,SC, PRD 93 (2016) no.5, 055041
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. VBS and HBS couplings

Theory: (bounds after using exp S+T in 1+2-WSR scenario)
* wawP > we we scattering *yy =2 W' W scattering

0.4 0.4

0.3] 03l
ME 0.2 b 0.2

=
0.1 = 0.1t
0.0 — 0.0 -
2 4 6 8 10 2
My (TeV) My (TeV)
* w2WP = hh scattering * hh—> hh scattering =0
0.0 .

—-0.1
W
S = HEFT couplings in the range

—-0.3

~ 2 2 ~ '3 — '4
}}, a, oy ~ v3/Mg 103-10
_04 L L . L L N L L L L s
0 2 4 6 8 10 .
* 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

Suppression of fermionic operators in the HEFT 29/16



* Still far from current experimental precision, S o6 ATLAS = Vs=8TeV,20.2 fb"

. K-matrix unitarization

although recent important improvements from VBS:
0.2

[ATLAS], PRD 95 032001 (2017) ,

-0.2

llIITII]IIIIIIT[lIIIIIIITIIIIIIIV

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
» Useful to observe the summary: ¥ oposioLwa
Illllllll L1l 1Ll Ll Ll Ll B T T L1l
SM 05 -04 03 02 -01 0 01 02 03 04 0.5
(x) Delgado,Dobado,Espriu,Garcia-Gar¢ia,Herrero,Marcano,SC, JHEP 11 (2017)098 ' ' Oy

I
N 53 uchalla et al, 68 % CL
a— | —,\'I'I,—\S. 95 % CL (2014)
I VIS, 95 % CL

T I
p) I
a- ]0— I I | P, S - variable, 68 % CI
4 I
I
A I | P, 95 % CL
2 I
o I
I
as I, =P, 95 % CI

ATLAS, 95 % CL (2017)
. ATLAS, 95 % CL (2014)
4 LEP. 90 % CI
ATLAS, 95 % CL (2017)
ds ATLAS, 95 % CL (2014)
LEP, 90 % CL

-0.3 —0.2 - 0.1 0 0.1 0.2 0.3 0.4 0.5
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* HVT diboson searches: in practice, DY dominated

4871'2%@' dLqq
ANZ  ds

FV—)i ]
j
Yij = X By _dibos
My

o(pp — V — diboson) =~ Z

q.q

* Strongest bounds from HVT-B (g,=3) ®

§=M2

=» Exclusion in the (massg,couplingg) plane and the O;¥* scale A )

\

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=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

J.J. Sanz Cillero Suppression of fermionic operators in the HEFT 31/16



EXAMPLE 1: * ) S-parameter + 2 WSRs 15t 4 2" WSRs (95%CL): = M,>4TeV
0.94 < a=k,, <1

" javay A— VAV A );\/\/ A—{ \);f\/\/
N N N N MV 1
,\/\JQ,\/\/ e Smallspllttlng due to
s eoﬁstramts from WSRs
V,A resonances + 1-loop + 2 WSRs L rw = Mg /M3
9 9 -04}
o a“—1 M: 5
S =167 a; (My) t+—(In—5 + =
N 1927 m; 6
______________________ ~ —2 X 10_3 h 6" 10_5 g
v e A2~ (5TeV) 2 oux
[ — 1 ! 4 -2 i -2
TDE DE A7~ (30 TeV)
EXAMPLE 2: *: (), (+) YO W,W,
(only charged shown here) ,
Wi LW, 1 Yyt 8(a” r r a” —1
ANLO "'—’g ..(l(._.\ -+ N (al - ag + 032 + ﬁw—- l‘._
Y 4 Y w " §
w oW w W - —~ ~ -
KWVI‘:;.::'W W\;;\::-::’w \"\":\ N ~ 6 x 10_3 ~ 0.5 x 10 3 ) ~—15% %10 3
w T W T e B " B ) —_— »
AR 2 A2~ (3TeV)? AT~ (10TeV)™  fo2 | (grev)2
SPR—— Nepr” L.
N‘;«f;— ~ }w‘ Ih_ W’f&_,“ E X _12. i EOC Rijmn E
ﬁ | a M 1677
TN by e 430
e M e A N -
S AT A more (x) Pich,Rosell and SC, JHEP 1208 (2012) 106; PRL 110 (2013) 181801
* DeIgtado,Dobado,ngrero,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 32/16



1 1 -
Ly = —ZTr(VWV‘“’) + iMéTr(VMV“) +

J.J. Sanz Cillero

TV 11 + 2T (Vo )
VO
a VN Vs
Vi _ V2 Ho
R
V2
,uVI/ T VUV,LL )
t
u (DMU) U, with w?>=U
(uTWWu + uB”’”uT) ,
1
X+ [0, A, with T, = §(FL+FR)
—ul (0, +i 270, ), = u(0,+157°8,) .
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SUMMARY: NAIVE "CHIRAL COUNTING

 “Chiral” counting *

-------
.............
‘‘‘‘

‘ (13 1 ;
e 00 s~ o) Gumemy ~ O
v U |
h Wi B, 0
and for the building blocks, ~ u(¢/v), Ule/v), —. Uﬁ : Ul ~ Op") .
D;LU: Uy Wm B,u ™~ O(p) ;
Wuua B,uuy f:l:,m/ ~ O (pQ) )
Oy, Opy 0y, F(Rjv)  ~  O((p"),
e S l- -....
. SR ) ' - ~ 0 (pQ) =
* Assignment of the ‘chiral’ dimension: * R A

Ng/2

f J
o~ pd_NF/Q % K * Manohar,Georgi, NPB234 (1984) 189
pd (d) 2 : : v * Hirn,Stern ‘05
v j * Buchalla,Cata,Krause ‘13
* 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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High-energy Lagrangian

LHER, light] = Ly[fight] + Lgx[R, fight] + £ [fight

with the most general linear resonance O(p?) operators (chiral + CP invariance)

1/M2
Lr = LR™[R] + Ryr[light] + O(R?)

: . \hV
pv (2) F\' iy l G\-"' /\

A

+ —=u 8" h)u” — (8" h)u"] + Cy JE
(e.g., a vector triplet Xy T ovalt /2 [(0"h) u' ) u] 0Jr )

Low-energy Lagrangian (tree-level)

- 1 4
* Solve R eom at low energies: R, [/ight] ~ N xr[fight] + O (1\1)[4 )
R

(e.g., for a vector triplet V% = _ﬁ (\’5’—— » ) ( >
A"
(= "\
I I
* Evaluate ,{:EFT[ﬁghtl — ﬁHE[RCI[Eight] : figh‘t] o -ﬂﬂ[figh‘t—] 4 h;g'(“{R[fight])E "
| J RI

-— = =

* 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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* The High-E Resonances leave a specific imprint in the Low-E couplings: ()

- Contributions to purely 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' +ﬁ\2_F—21+fi _F\'E\'_Fiﬁi 8 0
3 _Fl'G\' _ F.{é.{ _F\':\Vf‘vl' _ Fi-l/\’ffll' 9 _F-l/\lll‘-‘“ _ F‘\'XTV“
2MP, 2M, M, M3, M3, M,
G G2 & A
4 v+ 4 — 10 —— — ——
AMP,  AM, 2Mp, 2M3,
2 2 2 2 2
g G Gy B " YRR
P AMI T AME T AN, M?,l A[%]
21 3 “3 1 1
6 _XI]:\- 21'2 B /\?.—l 21‘2 B . B (C(‘,')z B (5(_;)2
My M7, QM 2Ms

[ Relation with Longhitanos’s couplings j—j =a;+ O(h); notice: 3,5 relabelled |

[ Coloured contributions checked, e.g., with Manohar-Wise model ¥ ]

(*) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041; JHEP 1704 (2017) 012; Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
(X) Manohar,Wise, PRD74 (2006) 035009
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* The High-E Resonances leave a specific imprint in the Low-E couplings: ()

- Contributions to y? and y* operators

i AF” i AF
X cact M= A 5 dpch L 20de — A o)

M, 2My ‘ A3, My

1 ~ ~4l ~, . ~ " ~ ~ .
) L GvGy' GaCy N =N o et et Qodi+A0h) + y* ops. (more tedious)
\/iu;’:!, \/5‘\1_‘,-;‘.{ 2My \/i\{gl. \/iu_'—;: My

3 B R Gy _ EaGy : - A =X

V2M2Z, V2MP, My

K1 et

- v =7 Al 8 = =AY
4 . \/EF.\'C'UI _ \/EF\ Cu ] ] _ C(»'C'(‘ll _ '(s‘('n*l

M, A2, V2Mps  V2M3e

E.g., in particular, the lowest order Fermion R contribution has the form:

, 1
ALO("J') — -—
7 _J\Lp Xv X
g0 =N\

— b2 )2 ~ah2 a2
= TN Y AFOT+ Y AFO;
§=1,2,5,6,7 j=2.3

- @) L~ -
with o = 0,0 (\7s+ M) — z(‘?—’) g+ 375)E + (o + Aos) TE

(*) 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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* Light fermion operators O;¥* :

.. . 4
1. From dijet production.- ’F@b ’ — 9 / 2
C =21 /A
— A >21.8 TeV from ATLAS [63], J

— A > 18.6 TeV from CMS [64],
— A >16.2 TeV from LEP [67].

2. From dilepton production.- — A >26.3 TeV from ATLAS [65],
— A >19.0 TeV from CMS [66],
— A >24.6 TeV from LEP [67].

* 3rd generation operators OJ-‘V4 :

1. From high-energy collider studies.-

— A > 1.5 TeV from multi-top production at LHC and Tevatron [69],
— A > 2.3 TeV from t and tt production at LHC and Tevatron [70],
— A > 4.7 TeV from dilepton production at LHC [71].

2. From low-energy studies.-

— A >14.5 TeV from B, — B, mixing [72],
— A > 3.3 TeV from semileptonic B decays [73].
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* CMS Exotica Group:

B 13Tev [_]8Tev

LQ1(ej) x2
LQ1(ej}+LQ1 (vj) B=0.5 ,
_ LQ2(uj) x2 coloron(jj) x2
O e coloron(é) 2 [T Multijet
L — Leptoquarks ino(3) x2
Lo x2 =21 gluino(3j) x Resonances
LQ3(vt) x2 /3 L
Single LQ1 (\=1) [E———————1 gluino(jjb) x2
Single LQ2 \=1) [ 3 4 TeV
1 2 3 4 TeV
ADD (y+MET), nED=4, MD
RS (i), k=0.1 RS Gravitons ADD (jj), nNED=4, MS
RS1(yy), k=0.1 QBH, nED=6, MD=4 TeV
RS1(ee,up), k=0.1 1 NR BH, nED=6, MD=4 TeV/
1 2 3 4 Tev String Scale (j)

CMS Preli

minary

QBH (jj), NED=4, MD=4 TeV
ADD (j+MET), nED=4, MD
ADD (ge,pp), nED=4, MS

Large Extra

ADD (). nED=4, MS Dimensions
SSM Z'(tT) Jet Extinction Scale
SSM Z'(jj)
SSM Z'(ee)+Z'(up) Tev
SSM W'(jj) dijets, A+ LL/RR
SSM W'(lv) dijets, A- LL/RR
SSM Z'(bb) /—— dimuons, A+ LLIM
0 dimuons, A- LLIM
X dielectrons, A+ LLIM
Excited dielectrons, A- LLIM
e* (M=A) Fermio ns single e, A HnCM .

b (M=) single p, A HRCM Compositeness
g (gy)(i%) inclusive jets, A+
b~ inclusive jets, A-

0 1 2 3 4 5 6 Tev 01234567 8 910111213141516171819 TeV

CMS Exotica Physics Group Summary — ICHEPR, 2016

. https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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[ ey (2 i . . , ,
= [ _I:('hl—'[rcje Figure 2. Predictions of the cross section o(WpZ, — WpZp) as a function of the center of
= 104 —EC]‘ILPH} E mass energy /s from the EChL. The predictions at leading order, ECIILﬁ(}\(\. and next to leading

E 0op - P y. - - -
= £ SM : ] order, EJCth:D”. are displayed separately. The EChL coefficients are set here to a = 0.9, b = a2,
N__‘ LT , a; =9.5%x 107" and a5 = —6.5 % 107", Here the integration is done in the whole | cos 6] < 1 interval
+ 1 of the centre of mass scattering angle #. The prediction of the SM cross section is also included,
R 10°F a=09 E for comparison. All predictions have been obtained using FormCale and our private Mathematica
T ; 4= 0.5 10 ; code and checked with MadGraph5.

N—.\ r as = —6.5 1074 g
£ 10? El
= F :
= -
o) L ]
L |Costl|<1
10 L L L L L .
500 1000 1500 2000 2500 3000
\/s'_ (GeV)
 Hyearchies in the SM for the subprocess WZ—> WZ:
103E — — : . — — 3 103 : — — : — : . —
102 - 102 -
— E — ]
=) 1 = ]
o 1 [= 9
S S
b 107 _§ s 10 E|
2 F —LL-1LL —TTr-LL —LT-=LL 3 » :
N A —LL-STIT —TT>TT —LT-TT | fr\l _ .
5 Ik —LLoLT —TToLT —LT-LT |3 = —LL-LL —TT=LL —LT-LL|]
T E E T —_—LL =TT —TT=>TT ——=LT-=TT |3
N [ ] N —LL—>LT —TT->LT —LT-LT|]
i -1 4 * -1 -
: 1 =1 3
N = - R -
b N 5 S -
1072 3 102 =
E|Cosfl <1 ] |Cosf] < 0.96 7
10737 L P L L Ly . Jo-3b— L L1 [ i
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

\ (GeV)
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X ; , oG 24m Jund
0 _ W2 e Lovihe 0 24w aq S 22T ( bound)2
o = (¢3) 4+ (¢3)°+ =(C = . = Yaqg = (C.H )
ef ( ) ( ) 2 ( v ) N C B‘c’“—)(libos. JV(' ¢
q’)"‘ 1 ‘ J:df; C2 67TF 70 =
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NLO results: 1st and 2nd WSRs

(asymptotically-free theories)

e : —
04 .
02 e

(@]

: —

O

2

= 00 o

0

@]

| e

<

1.8

—02F o
~04|

1 ! |

At NLO with the 1st and 2" WSRs

M, > 5.4 TeV, 0.97 <k, <1 at68% CL
Small splitting (M/M,)? =k,

NLO results: only 1st WSR

(Walking & conformal TC, extra dimensions,...)

0-4:- o 02< My/My <1 ~
i o 0.02< My/My <02 |
L .1....1.\.‘1...\1‘.‘._U
1wn

0_07 T R R N TR T T T I T R N N | T T N ' 1 =\
0.5 1.0 1.5 2.0 25 3.0 3.5 ]
S

My (TeV) o

<

L

o,

001.1‘.11;1,1 ,,,,,,,,, IS RS S SR B SR
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gv(M7)
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I~ :
$

S
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&
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a
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0.92 1
BP1°

0.9r § . L P N B . N
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Figure 6. Predictions of gy (M%) as a function of @ and (ay —2a5) computed from eq. (4.10), as dis-
cussed in the text. The benchmark points specified with geometric symbols correspond respectively
to those in figure 4.
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* W, Z,2>W, Z, IAM unitarization >  Resonance pole generated at = s, =(M-il',/2)?
My (GeV) ['v(GeV)
1000 1500 2000 2500 3000 20 60 100 140

b=a?
benchmark

0.98}

0.96]

a

0.94}

0.92}

090, .,

(as-2as)-10°

a

0.98

0.96

0.94

0.92

09F, .

* Analytical expressions in the Equiv.Theor. Limit:

[although W,Z, 2W,Z, in our analysis!!l]

J.J. Sanz Cillero

b=a?
benchmark

JlAJ.. ...lJJJJlJJJJ....-.j

0.5 1 1.5 2 2.5 3

(as-2as)-10°

11527202 (1 — a?)

M )pr = — Sl : :
(M7 )i 8(1 —a?)2 —75(a? — b)? + 460872 (a4 (p) — 2as(p))
. . . 1
(1—a®) . (a® —b)? 9
I'v)er = — My |1 —— — M-
(Tv)er = S5ems My |1+ 327202(1 — a2) "
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* Sensitivity with perfect WZ reconstruction efficiency:

14 TeV

J.J. Sanz Cillero

Suppression of fermionic operators in the HEFT

BP1 BP2 BP3 BP1’ BP2’ BP3’
T | Ny MO | 89 (147) 19 (25) 4(9) 226 (412) 71(151) 33 (59)
:g: NSM, 6(17) 2 (4) 0.3 (2) 11 (45) 5 (27) 3 (14)
& T 34.8(31.1) | 108(9.7) | 6(5.4) | 64.9(54.4) | 28.9(23.8) | 16.1(12)
T NI MO | 298 (488) 64 (82) 13(30) | 752(1374) | 237(504) | 110(196)
= Niv> 19 (57) 8(15) 1(6) 36 (151) 17 (90) 11 (46)
4 ofirs 63.5(56.8) | 19.8 (17.7) | 11(9.9) | 118.5(99.4) | 52.7(43.5) | 29.3(22)
Tl NS MO | 893 (1465) | 193(246) | 39(89) | 2255(4122) | 710(1511) [ 331(589)
S NoY, 58 (172) 24 (44) 3(17) 109 (454) 52 (271) 34 (139)
jl i 110 (98.5) | 34.3(30.6) | 19(17.1) | 205.3 (172.2) | 91.3(75.3) | 50.8(38.1)
oify = L

Bwz +0.51"y (:|:2 Fv)
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T T T T T 9 T T T T
50 7 [
N 8r T
— My = L5 TeV — My = 1.5 TeV ]
— My =2 TeV 71 — My =2 Ted 4
40 — My = 2.5 TeV -1 — My = 2.5 TeV
: 6 T
£ = 3000 fb~ £ = 3000 m™!
s 30F 1 s 5r 1
E}: Tl:. -
e, <k |
20 .
2 |
10F - L 4
L | 1+ _
0 1 i 1 i 1 i 1 i 1 0 | i 1 i | i 1 L |
0.9 0.925 0.95 0.975 | 0.9 0.925 0.95 0.975 1
a a

Figure 17. Predictions for the number of pp — ({7 (3vjj events, N}AM_M(‘. (left panel) and

the statistical significance, o7'*", (right panel) as a function of the parameter a for £ = 3000 fh~'.
Marked points correspond to our selected benchmark points in figure 4. The cuts in eq. (5.5) have

been applied.
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* WZ->WZ subprocess: polarizations (in the WZ rest frame)

o(LL — LL) > o(LL = LT) > o(LT — LL) > c(TT = 17T) > o(LT — LT)

My = 1476 GeV
Iy = 14 GeV
gviMy)= 0034

—TAM = MC
1 |

BP1:

o(W*Z-W*Z) (pb)

102

1500

5 (GeV)

500 1000 2000

* pp—2jjWZ at LHC: SM backgrounds and polarizations (in the WZ rest frame)

3
-} —r———"——T———

10-4E
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A
1

7 Unpol
mm CTT
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oLL

1075

a(pp->WZj jsm [pb/40 GeV]

~J
I

SM-EYV
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2000

J.J. Sanz Cillero
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10%§

10%E

a=09
ag = 9.5- 1074
as = —-6.5 1074
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——
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My = 1479 GeV E
Seeo Ty =42GeV 3
S~ il - gviMy)=0.034 3
S - - .- -
1072k Seaa S - E
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T T T T 1T T T 1
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— Y ) i
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| oLL
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- SM-EW |
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* HVT diboson searches: in practice, DY dominated

’ . 487, dLy Tv_ii
o(pp — V — diboson) =~ Z 1 NQ:IQ dng - Tii = T [_; = X By _dibos
9.3 C s:]‘.[‘,
. Stronge4st bounds from HVT-B (g,=3) ¥
g 10 = ATLAS Preliminary — Observed 95% CL upper limit =
e Expected 95% CL upper limit
1 03 E - 13 TeV. 79.8 fb1 I Expected limit + 16

[ ] Expected limit £ 2¢

==== HVT model A, g =1
VV — qqqq —— HVT model B, g, =3

10

o(pp — V') x BV — WW+W2) [f
o
[\S]

* ATLAS-CONF-2018-016

10—2IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|I
1.5 2 2.5 3 3.5 4 4.5 5

m(V’) [TeV]

(a) HVT V' - WW + WZ

(x) Pappadopulo,Thamm,Torre,Wulzer, JHEP 1409 (2014) 060
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* HVT diboson searches: in practice, DY dominated

4871'2%@' dLqq
ANZ  ds

FV—)i ]

j

Yij = X By _dibos
My

o(pp — V — diboson) =~ Z

q.q

* Strongest bounds from HVT-B (g,=3) ®

§=M2

=» Exclusion in the (massg,couplingg) plane and the O;¥* scale A )

\

2r _ 3 _ =
Logg= v e (@ur*au) (Guyear) + nrr(Gr7 4R ) (GRY 4 4R)

A (TeV)

+ 2nR(GrY"aR ) (GLY4q1))- '

0.06

800 2

¢,2
flO integ. V. Ceogp
4 4M3,

2
A—szf-l—fébz—ﬁ—

600

0.05

Ceff

% > A=410TeV

400

(a reanalysis for several
Yqq IS advised,
to enlarge the exclusion region)

200

0.04

0.8 09 1 2 3. 4. 5. 6.

J.J. Sanz Cillero

(x) Pappadopulo,Thamm,Torre,Wulzer, JHEP 1409 (2014) 060

(*) Krause,Pich,Rosell,Santos,SC, JHEP 1905 (2019) 092
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* NOTE: Drell-Yan production mechanism =2 Completely dominant in all HVT search bounds

Yy

W,z

W,z

L R B J

If DY removed [B(R - qg)«10~* — 10~%] =» No significant exp. lower bound for M,

[ Suppressed R — qq is not enough;
huge suppression needed
to make other prod. mechanisms visible |
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* In the HEFT case, h

1) DY produces the gauge bosons
[with a weak coupling suppression]

2) Then, the strong BSM interactions generate A, coupled to W
[with a weakcoupling suppression]

* Implications: additional chiral suppression & Much more suppressed experimentally:

Resonances with Mg ~ 3 TeV perfectly allowed
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* On the other hand, the bosonic & custodial preserving predictions remain unchanged *:

0 . : ‘ w 0 . : ‘ : 0
E / W3B-correlator 2 S VRWIWE S RN
o L (S-parameter) o (vector form factor) wof 0 ZFWIWE
: :Z (aX|aI form factor)
My (TeV) M, (TeV) 2 1 i, (TZV) 8 10
* An estimate of these bosonic observable gives
A
3 TeV
T = —1.1-10" Me )(, Large suppression
VvV
U = 0
2
3 TeV
S = 0.13
( My )
2
_ 3 TeV Estimates for 2 WSRs (*)
zZ _ Z - 3
Agl _gl _1 —_ _0.92 10 ( J\[V. ) N +MA2=2MV2
2
. _a [ 3 TeV
Aky =Ky —1 = —0.36-107" ( e )
2
3 TeV
Aky=rty—1 = —082-1073 ¢
My

(*) Pich,Rosell,Santos,SC, PRD93 (2016) no.5, 055041
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Dobado,Llanes-Estrada,SC, JHEP 1803 (2018) 159

Delgado,Dobado,Espriu,Garcia-Garcia,Herrero,Marcano,SC, JHEP11(2017)098
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* Benchmark points of this study:

BP | My(GeV) | Tyv(GeV) | gv(ME) a as-10* | as-10?
BP1 1476 14 0.033 1 3.5 -3
BP?2 2039 21 0.018 1 1 —1
BP3 2472 27 0.013 1 0.5 —0.5
BP1 1479 42 0.058 0.9 9.5 —6.5
BP2 1980 97 0.042 0.9 5.9 —2.5
BP3’ 2480 183 0.033 0.9 4 —1
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* Optimal VBS cuts: ") Wis - ia < 0, [MG5_aMC + IAM-MC UFO;
P > 20 GeV NO detector sim;
M;; > 500 GeV | NO polarization discriminant cuts * |
Inw,z| < 2.
102 —_
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* Delgado,Dobado,Espriu,Garcia-Garcia,Herrero,Marcano,SC, JHEP 11 (2017) 098
J.J. Sanz Cillero

(x) Fabbrichesi,Pinamonti,Tonero,Urbano, PRD 93 (2016) 015004

Suppression of fermionic operators in the HEFT 55/16



* Fully leptonic decays:

14 TeV
r v+ °+* 1 v v+ v vt ¢ v 1 v 1T ¥ T | T T T 1 r v+ +°+*+§ "1+ [ v v v 1T 1 v v T T 7
= 105 IE] m SM-QCDEW |4 2 15 pm SM—-QCDEW |5
& — SM-EW 3 : m— SM-EW
& | AM-MC a mm | AM-MC
= BP1 =
2105 e 0%
= =
.,_-' "-\-..
+ri | +-:I
. 1077E = 107E
+ F +
el - =
T [ T
S =y
2108 & 1078
[ | V= aTey B b
I T T S PR R | I PR | P T S S L PR S S PR T S PR PRI I T—1
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

My, (GeV) M{y, (GeV)

These contain all the previous VBS cuts and others, and are summarized by:
2 < [nj.| <5,
N~ Mja <0,

piE7? > 20GeV

M;; > 500 GeV

Mz —10GeV < MWZFQ < Mz +10GeV ,

M}, = MY, > 500 GeV

P> 75 GeV,

14
pr > 100 GeV ,
r ranges of M gggy:

. -2 BP1:1325-1450GeV,  BP2:1875-20235GeV,  BP3: 2300-2425 GeV |
(pr(200) + py.) , ‘ , , ‘
BPI': 1250 1475GeV,  BP2: 1675-2000GeV,  BP3': 20502475 CeV.

2
My 7 = My, = \/ (\/M?(EEE) + p(eee) + |pT|) -
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3000 ! £ =1000 =+ £ =300 b~

L =

14TeV | BP1 | BP2 | BP3 @t BP2' | BP3
NAMEME o 05 |0 5 2 0.7
NZM 1 | 04 | 01 2 0.6 | 0.3
oyt 0.9 | - - 2.8 | 1.4 -
NAMEME 7 2 | 04 | 18 5 2
NM 1 1| 03 | 6. 2 1
ot 1.6 0.3 — @’ 2.5 1.4
NAMEMET 09 | 5 1 53 | 16 7
NOM 12 | 4 1 gt 6¥, 3
o™ 2.7 1 0.6 | 0.3 4.4 | 24

* Important improvements through fat-jet reconstruction techniques |::>
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* Sensitivity with 100% WZ efficiency reconstruction:

T ! T ! T T T T T T T

T T v T
4000f 14 TeV l 14 TeV 5 TeV
i —My = L5 TeV 1 00k =My = 1.5 TeV ]
—My =2TeV i — My =2TeV
P — M, =2.5TeV
30001 =My = 2.5 Te} 1 : -
O [ £ = 3000 ! 1501 ]
- - i 4
;' =N £ = 3000 ™! ~U
XN 2000 'y \
<z I ~ 100+ W2 T
1000 PN ]
i ] e |
o 1 1 1 1 L ___%_ o L 1 L 1 N 1 L J-
0.9 0.925 0.95 0.975 I 0.9 0.925 0.95 0.975 |
a a
Lt H H " ” . IAM-MC IAM-MC 7
* Sensitivity estimate with “fat” jets: NJAM-MC _ NISM-MC » BR(W — hadrons) x BR(Z — hadrons) x ew x ez
-'I v | T | T | v I‘ -|“_ T T ]
250 i'rv/z Extrapolated — My = L5 TeV 1 [ Extrapolated — My = L5 TeV 1
& 1 rates —M, =2 TeV ] h“:_ 14 Te significances — My =2 TeV —
— My = 2.5TeV E [ -— My = 2.5 TeV i
200+ a sob _
O £ =3000fn" _ L =3000 " ;
T% 150 1 & 40F .
s 52 |
< = == [
— = I 1 4530
100 4 =
:k ] 21
50k e
- — — - 10
i : ! . ———— ' , . ,
( 0.9 0.925 0.95 0.975 | “l]_*l 0.925 0.95 0.975 1
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10.1 BENCHMARK point

- W+h :
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Eth(TeV) * Dobado,Llanes-Estrada,SC, JHEP 1803 (2018) 159
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