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ATLAS Hierarchy Problem

In the SM, Higgs mass is quadratically divergent

> Assuming no new physics until the Planck scale H H

4

1"
bare mass

My?= 3.23345942963429054¢386749647+32159L43
_3.2%345942963429054¢386F4¢964+32159L45

27 quanfum ... Q .....
=10 (in planck units) corrections, e.9.

T
This can be naturally cancelled by VLQs!
» Adding a ~400 GeV vector-like top (T): o o
N\HZ ~TO0 = 9 = T (inunits of ~100 GeV squared) ¢

VLQs show up in many BSM scenarios
» Little/Composite Higgs, Topcolor, GUTs, ...
> Naturalness requires mass ~1 TeV = Accessible at the LHC!
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Vector-like Quarks (VLQs)

Colored, spin-'2 particles = “Quarks”

Both chiralities transform the same under SM gauge groups
= “Vector-like”

VLQ current

(@ Q')

Can have bare VLQ mass tferm
» Avoids constraints from Higgs measurements

SM V-A current
(gy*(1

Couple to SM through mixing with SM quarks

» Naturalness + FCNC constraints = mixing mostly with 3rd generation

Top-partner T —
Bottom-partner B —
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L Production and Decay

Pair Production (QCD) Possible decays dictated by quantum

« Depends only on mass numbers
« T— Wb, Zt, Ht

- B—=Wt Zb, Hb

Branching ratios depend on model
« Constrained in some scenarios
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ATLAS General Search Strategy

Multiple analyses to target Set limits as a function of
each decay: branching ratio
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Unphysical
— WbH+X L tHtH Y

Wb Our goal: maximize
sensitivity in full triangle
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General Search Strategy

Multiple analyses to target
each decay:

Seft limits as a function of
branching ratio

—————

1
Unphysical
— Wb+X thH AN T S ! Our goal: maximize
’ .: sensitivity in full triangle
g t _— ’T‘/ \
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TT—=WbWsb: Basic Selection
/: 7

Boosted W, 4 candidate

« R=1.0, anfi-k; jet trimmed

« m>50GeV, p;>200 GeV

« Jet substructure W-tag
(50% efficiency)

W, candidate
« e/ u with p;> 30 GeV
o E/Ms > 60 GeV
« Use m,, constraint to
reconstruct neutrino
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TT—=WbWsb: Basic Selection
/: 4

Boosted W, 4 candidate

« R=1.0, anfi-k; jet trimmed

« m>50GeV, p;>200 GeV

« Jet substructure W-tag
(50% efficiency)

AR(W,,ub) > 1.0
AR(2,b)>1.0

2 b candidates

W, candidate

« e/ u with p;> 30 GeV « 22 additional R=0.4 jets
« EMis> 60 GeV « p;>25GeV
« Use m,, constraint to « Match to primary vertex

reconstruct neutrino .+ 21 Db-tagged (/7% efficiency) |
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L TT—=WbWhb: Basic Selection
& r

Boosted W, 4 candidate

« R=1.0, anfi-k; jet trimmed

« m>50GeV, p;>200 GeV

« Jet substructure W-tag
(50% efficiency)

AR(W,,ub) > 1.0
AR(2,b)>1.0

W, candidate
« e/ u with p;> 30 GeV
o E/Ms > 60 GeV
« Use m,, constraint to
reconstruct neutrino

\ J

2 b candidates

> 2 additional R=0.4 jets
* p;>25GeV
« Match to primary vertex
2 1 b-tagged (/7% efficiency) |

Thaq @nd Ti,, candidates

» Test all parings of b candidates with W, 4 or W,
« Pick combinaiton with smallest | m/eP - m;"ad| < 300 GeV
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ATLAS Final Selection

EXPERIMENT
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Backgrounds

Events / bin

Data / Pred.

s Eserv om0 e Bgckgrounds estimated with MC
300 |:|M./+jets i . . oo
= simulations (expect multijet)
CR -+ Dominant uncertainties
e Pre-fit > Poisson uncertainty of data
. > Single top Wt removal scheme
> tt parton shower and generator
"0 200 400 600 800 10001200140016&%;%[3&23/(;00 > Je-l- energy resolu-l-lon
Sample Signal region Control region
tt 55 +26 720 + 130
W +jets 9+4 78 £ 41
Single top 15+ 15 160 + 110
Others 12 + 10 82 + 66
Total Background 91 £ 35 1040 + 200
Signal (mr =1TeV, T — Wb = 100%) 45 + 4 15+2

Signal (mp = 1 TeV, SU(2) singlet) 21 +£2 8+ 1
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Backgrounds
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ATLAS Limits on TT Production
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ATLAS Limits on TT Production
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ATLAS T Mass vs. Branching Ratio

Model-independent limits for arbitrary branching ratios,
assuming B(T—=Wb) + B(T—=7t) + B(T—=HTt) = 1

Minimum allowed VLQ mass:

Expected Observed

1400 S

T 09 ATLAS ATLAS 1300 &

T Vs =13 TeV, 36.1 fo’! Vs =13TeV, 36.1 fb"! -
~ 08 1200 €
& 0.7 TT — Wb+X 1-lepton TT — Wb+X 1-lepton

or SU(2) singlet
O SU(2) doublet

o SU(2) singlet
O SU(2) doublet

Observed 95% CL mass limit [

0 0102030405060.70809 1 0 0.102030405060.70809 1
B(T - Wb) B(T > Whb)



ATLAS Stronger Together

Many other analyses with complemen’rary sensmvfry
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) Run 2 ATLAS Limits on T

XPEI!TMENT = 1__ - i Cl ..
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ATLAS Conclusions

* VLQSs can provide a natural solution to the hierarchy problem
. but only if their mass is < 1-2 TeV

—e— Data
[t ]
[ W+jets -
[ Single top ]
[_]Others .
~~~ Uncertainty

Events / bin

* Presented new ATLAS search for TT=Wb+X

» Data consistent with background-only - U
> Strongest limits for high B(T=Wb) T PR =

« With other channels, excluding masses
up to 1 TeV for any branching ratios gos, T

> Similar results from CMS \ et

ata / Pred.

) oghl T M= 1000 Gev " 'm, =1050 Gev ! "m, = 1100 GeV
* [f VLQs solve the hierarchy ook M, 1 e%, B 4,
problem, they are starting to  24& SO f’% _:
feel the heat Of Run 2! 0'8;:' m, = 1150'Gev """"" m, = 21200 GoV _' T mys 1aooeev
0.2F: . + +
i3 ; "

0 02 04 06 08 0 02 04 06 08 0 02 04 08 08 1
BR(T — Wb)



Thank you!

Complete list of ATLAS exofic results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Also set limits on BB production
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Acceptance

Event fraction

0.4

0.3

0.2

0.1

tt Vector-like T' Vector-like B
B(T — Wb) =1 SU(2) singlet | B(B — Wt) =1 SU(2) singlet

Selection criteria (%] (%] (%] (%] (%]

Base selection 5.9 28 25 33 22

> 1 Whaq cand. 1.3 24 23 29 20

Effwliss > 60 GeV 66 94 68 92 91

> 1b-tagged jet 74 80 85 89 88

St > 1800 GeV 0.6 71 68 64 64

AR(lep,v) < 0.7 71 90 75 72 68

|Am| < 300 GeV 81 90 83 82 80

Total acceptance | 1.1-10~% 2.9 1.4 3.0 1.2

: : c 06 : :
- ATLAS Simulation O | ATLAS Simulation
[ s=13TeVv 3] /s =13 TeV
_ TT— Wb+X 1-lepton g ~ BB 1-lepton
- g I
- S 04
n L L
- 0.2
L | | | | | | . : | | |
WbWb  Ztzt HtHt Wbzt WbHt  ZtHt 0 WitWt  ZbZb HbHb  WitZb  WiHb  ZbHb
TT decay BB decay
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L Signal Mass Distribution

EXPERIMENT
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ATLAS Uncertainties

EXPERIMENT

Pre-fit impact on u: Al
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Run 1 Limitson T
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Run 1 Limits on B
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