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Non-resonant dileptons: current program
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Non-resonant dileptons: current program

* Non-resonant inclusive ee, uu searches
published.

» Slight excess in ee channel.

» Unfolded spectra and LFUV ratio test
recently performed by CMS.
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Non-resonant dileptons: current program

First search for bsll Cl recently completed:
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Non-resonant dileptons: opportunities

» Unfolded dilepton mass spectra and LFU ratio tests.
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« Develop broad program of non-resonant dilepton searches (ee, uu, tt, €v, uv, tv),
both in inclusive and exclusive (e.g. 21b) final states.
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‘ Leptoquarks I

Anomaly

« Resonant production in pairs or singly. g Via g Vis
scorecard or - - . :
Enhanced cross section if of gauge origin in the case of vector LQs. % e d 5 iif’;{:
K
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Need a broad program! 8
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‘ Leptoquarks I

» Resonant production in pairs or singly.
Enhanced cross section if of gauge origin in the case of vector LQs.

* Most successful scalar LQ models involve at least two LQs:
* S, and S; (e.g. arXiv:1703.09226)
* R, and S; (e.g. arXiv:1806.05689) b S,

)
&~
<

» Decay modes directly related to the B anomalies:
S; 18 > bv, ct =& R(D), R(D*) € R,*?3 - br, cv
83+2/39 tV R2+5/3 9 tT, CT

S;13 > by, tu
S, 42 > by D R(K), R(K¥)

However, other decay modes may actually dominate (e.g. S;#3->br)
if similar hierarchies as in SM quark Yukawas hold (A, > Ay).

Need a broad program!
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Leptoquarks: current program

Broad program of searches for pair-production.

Mass exclusions:

LQg: ~1.0-1.7 TeV depending on search/benchmark

LQy: ~ LQg limit + 0.4 TeV
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Leptoquarks: current program

Anomaly . .
* Growing program of single LQ searches:
scorecard g prog 9 Q
I+LQ(=>bl) (I=e,u,1), T+LQ(=2>bV), v+LQ(=>b1), v+LQ(>c1)
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Leptoquarks: opportunities

Anomaly . . S b,t
scorecard Pair production:
* More sophisticated analyses P LQ! i
.‘E’ v, T
« Combinations! ="
» Single production: LQEHT v, T
« Same as for pair production. b

+ Explore single resonant production
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(Data - Bkg) / Bkg

Heavy vector particles: current program

» Broad program of inclusive searches for dilepton, dijet, and tt/tb resonances
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Heavy vector particles: current program

Anomaly

» Broad program of inclusive searches for dilepton, dijet, and tt/tb resonances
scorecard
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Heavy vector particles: current program

» Broad program of inclusive searches for dilepton, dijet, and tt/tb resonances
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Heavy vector particles: current program

» Broad program of inclusive searches for dilepton, dijet, and tt/tb resonances
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Heavy vector particles: opportunities

Anomaly
scorecard

Q%t

+ Extend program to exclusive final states!
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Heavy vector particles: opportunities

Anomal : .
omaly - Extend program to exclusive final states!
scorecard
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Light resonances: current program

Events / bin

Leptophilic light vectors and (pseudo-)scalars are
challenging at a hadron collider.

For light Z'/S (<1 GeV) can use fixed target
experiments (light particles can be long-lived!).

For ~5 GeV< M,< M, perform searches in Z->4.
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Light resonances: opportunities

« Searches for ZO>4p and W®->3u+E;™ss to go above M,.

,.f , [’y ,.f r w

* Another explanation of a, involves flavor-violating vectors or
scalars.

=>» New dedicated multilepton search (2uSS+2tSS) at higher
masses.
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Light resonances: opportunities

SA(‘:’:)?Z]C?/ g « ATLAS/CMS can be used as muon beam fixed-target experiments:
X
s <0 p= PME — PID —~ Pout — Pin pt > = - o
PMS cal — PID E— - PID Pin )
N - - N
* Expected HL-LHC sensitivity with Z and W events probes relevant \ .
region of parameter space. Already interesting with Run 2 dataset! T calo
107> : D |
Licaratev=3ab! // :
5GeV = pou, 0<0<0.1 / 4
1F T T T T T T T L
£ / / — Z@A) — Z(B Vs
’ 10_1'- i— 16 MeV |
103 EA) . — e 126 MeV
ZRW (A} 10°2H s — e 1GeV 1
Lz 3
5 S 7T} ;10 8 E
10_4_74& W (B) ,E: 10~ ]
?j 107° 1
T 1076 1
1075+ 107" ]
__3-_ -~ T—Z_ - - 10—8. ,” L L
10 10 10 1 -1. -0.8 -06 -0.4 =02 0. 02 04 0.6

my [GeV] arXiv:1906.09272



Vector-like leptons



Anomaly
scorecard

Vector-like leptons

* Mixing between the muonphilic vector-like leptons and the muon

gives the main contribution to a,,.

* DY pair production dominant.
« CC ('=>Wyv, v'>WI) and/or NC decays (I'>Z/HI),
depending on the SU(2), representation.
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Vector-like leptons: current program

* Most advanced searches target multilepton final states (21, 3, 4l), but

are not optimized for muonphilic vector-like leptons:

+ Type-lll seesaw heavy-lepton multiplet (flavor democratic scenario)

* Vector-like taus in the doublet scenario
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‘ Vector-like leptons: opportunities I
Anomaly

scorecard » Develop optimized searches for the three different vector-like lepton flavors separately.

Given the small production cross section, must optimally exploit broad range of possible
signatures (including hadronic W/Z/H decays!):
©
0
=
o
O
-
/"
E f\ ' ' ' 1T'V ]
4 . -~ m,=m,=1Te ]
% 3 0.8F% Sso BRVOWW=1
= % 0.6 22 %, . /
@ 0.4L B 7" 6y, :
I '.\ .
o - 02F# S, @ e,
FIONON. Y
Program should reach similar level of Q 0 02 04 06 08

sophistication as for vector-like quarks! O BR(w->Wv)

/
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Beyond simplified models



Anomaly
scorecard

R(D*)

‘ From simplified to UV-complete models I

» Most studies carried out in the context of simplified models.
» Nature could potentially be more exciting! Are we ready for it?

* Example: “4321” renormalizable (i.e. “UV complete”) model.
« Can accommodate B-physics anomalies (via a vector LQ).
+ Consistent with all available constraints.

Mass [TeV]

3.0

2.5

2.0

1.5+

1.0}

0.5}

Benchmark spectrum

--Ig’

= 7'/B
U,

A
C/S

_U/D

—
N,/E;

g4=35, vg= 1.2 TeV, vy= 0.66 TeV, Agz=Asg= 25,
Mg=1.6 TeV, M;=0.85 TeV, sq2=0.30, Sq3=0.79, s;3=0.81.

N /E;

N/E; -

arXiv:1808.00942

Three heavy gauge bosons:
» Color octet (g’)

* Vector LQ (U,)

+ Color singlet (Z')

Three families of vector-like fermions:
* VLQ doublets: U/D, C/S, T/B
* VLL doublets: N,/E;, N,/E,, N5/E;

PS3 model

[sum:nsum, #SU(2), /U(I}']

Ql\

arXiv:1712.01368

But very different signatures than typically assumed!

29



From simplified to UV-complete models

Anomaly L EvasoLic0
scorecard * The g’/Z’ and U typically decay into o ' ATLAS '
3" generation fermions, but also into < 1ol 13 TeV, 361 007, €7 |
vector-like fermions. =
_ ..os0f b=
o gl
» Problem: all vector bosons have N =N
sizable width! S L .
~ Background
+ At high mass the U is dominantly P T/ = 2% L] r
produced in association with a VLL. i . ‘ :
1200 1500 1900 2300 3000
my; [GeV]
Benchmark spectrum
Vector LQ at the LHC
3.0; g 100N sr-t e, am e mr
[1805.10228)
2.5} _Uﬂ %\ 10 BR(U—1)=0.5
;‘ VA q9; L’ 5 1
E 2.0 Z g}; o~ g‘(i‘ﬁ L‘"ﬂ E,
" o 0.100f ... TNl
% 1.5+ g U e M = 0.85 Tev
= © 0.010
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arXiv:1808.00942 arXiv:1808.00942 30



Anomaly
scorecard

R(D*)

‘ From simplified to UV-complete models I

« Only the 3 generation VLQs and VLLs decay
as usually assumed (e.g. T>Whb, Zt, Ht).

« The 1st and 2" generation VLQs and VLLs
mainly decay into 3-body final state via off-
shell @’, UH, and/or Z'.

Benchmark spectrum

3.0
2.5+ T/B
I%.—J 2.0
—, o C/S
A 1.5 U/D ]
& L N /F;
=
1.0 N /E
e | 22
N,/E;
0.5} 94=35, va= 1.2 TeV, vy= 0.66 TeV, Aqz=As3= 2.5,
Mg=1.6 TeV, M;=0.85 TeV, Sq2=0.30, 5q3=0.79, s;3=0.81.

arXiv:1808.00942
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‘ From simplified to UV-complete models I
Anomaly

scorecard « Only the 3 generation VLQs and VLLs decay

as usually assumed (e.g. T>Whb, Zt, Ht).

« The 1st and 2" generation VLQs and VLLs
mainly decay into 3-body final state via off-
shell @’, UH, and/or Z'.

= Complex cascades giving heavy-flavored
multilepton+multijet final states!

R(D*)

Benchmark spectrum

3.0/ =g’
st = 7/B
~f mm U,
I%’—J 2.0 '
= o C/S
A 1.5 U/D ]
& L m N;/F;
=
1.0} N>/E> |
e | 22
NI/E;
0.5[ 9e=35. w=12 TeV, v1= 0.66 TaV. ag3=isg= 25. ] No dedicated searches yet!
Mg=1.6 TeV, M;=0.85 TeV, sq2=0.30, 5q3=0.79, s;3=0.81.

arXiv:1808.00942







