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Top-BSM @ LHC

PREDICTION / DATA

* The SMEFT framework provides a powerful tool for parametrizing BSM
contributions to SM observables.

* Pro: Model independent

« Con: Valid for energies well below the NP scale (A)
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EFT validity at the LHC: A > V5= A > few TeV

But the Wilson coefficients can take a wide range of values:
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Top-BSM @ LHC

A < V3 A~ V3

On-Shell (BSM Searches)

t “Beyond EFT”
q ; i regime
o ~0
. X1
I >~<(1)  What happens at the
_ t < EFT » on-shell
q _ transition?
 Are the EFT constraints
= SN+BSM valid even if the EFT
— S\ assumption is violated?

* If not, are they too
conservative/too
aggressive?

 What do we learn going
beyond EFT?
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* Toy Model (DM inspired):
¢ — scalar top partner xy — Majorana singlet
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Beyond (Top)

 EFT lagrangian:

EFT

Lerr = Cy (LrRTA"tR) (QLT Y QL + urT vur + dgT*+"dR)
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Beyond (Top)EFT

 EFT lagrangian:
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Beyond (Top)EFT
* Beyond EFT lagrangian: C; — Fj(¢®) (1-loop form factors)
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Beyond (Top)

* Beyond EFT lagrangian: C; — F;(¢*) (1-loop form factors)
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Beyond (Top)EFT

* Beyond EFT lagrangian: C; — F;(¢*) (1-loop form factors)

Lrrp = WQQS?J%)M S (pes pr)] Gutt + 7T29§9%M S (pg, ey pe) | GGt

gb ——t1 0.200 Re(F)
T "M =~ 1
," 0.175 1 T X — Im(F)
- — |F
Ws pAX — FH (ptapt) 0.150 1 7
—
\\ g\ ™ ——
ng \ n 50125 '
20,100 -
% a
. = 0075 0 I
* Broad bump behavior - £ ||
0.050{ L o= "
ii g
e Form factorisreal in the EFT 0.025{ i
region 0.000
0.0 2.5 5.0 75 100 125 150 175  20.0
* Imaginary part becomes s/mi

dominant at large energies

Andre Lessa | UFABC



LHC Constraints
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t
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Direct Searches

L
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* Loss of sensitivity in the
compressed region.

* ~500 CeV top-partners are
still allowed

* Does not depend on ypu!
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Indirect Searches

* tt production

Mr|* = [Msul* + 2Re (MsuMisy) + O(ypu)

q t q or At
>J.V.VJD< + >.9.VJLV.A\ AX + ... (1-loop)
q t q OT N t

« BSM contribution can be negative!

» Corrections scale as (yom)?!
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INndirect Searches

* Distributions (LO):

mr = 500 GeV, m, = 400 GeV, ypar =5.0

pp — tt (SM) ° E FT

qq — tt (EFT)

g9 — t (EFT) * grows with energy

— 107 * always positive

0.02

s pp — tt (EFT)

500 1000 1500 2000 2500
m(tt) (GeV)
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INndirect Searches

* Distributions (LO):

my = 500 GeV, m, = 400 GeV, ypar =5.0
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* EFT:
* grows with energy

* always positive

* 1-loop Form Factors:

* “broad bump”

* negative contributions at
large mq

* Larger than EFT at low mg,
but lower at high mu



Indirect Searches

» Comparing to data:
* ATLAS-TOPQ-2019-23 (semi-leptonic)
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Indirect Searches

e Comparing to data:

* ATLAS-TOPQ-2019-23 (semi-leptonic)

mr = 600 GeV, m, = 590 GeV, ypyr =5
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e Comparing to data:

* ATLAS-TOPQ-2019-23 (semi-leptonic)
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Indirect Searches

e Comparing to data:

* ATLAS-TOPQ-2019-23 (semi-leptonic)

mr = 600 GeV, m, = 590 GeV, ypyr =5
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* Intermediate pTl bins are the
mMost sensitive!

* EFT understimates the signal at
low pT and overestimates at
high pT
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e Combined results:
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Direct + Indirect

e Combined results:

LHC Constraints

| = Direct Searches
| — ATLAS - pp(t)
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Ypm = 10 (1-loop)
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Direct + Indirect

e Combined results:

LHC Constraints

| = Direct Searches
| — ATLAS - pp(t)
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e EFT approximation understimates the signal!

* Constraints on the compressed region are competitive with
direct searches!
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* Toy Model:
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Results

More

* Distributions for heavy masses:

mr = 1000 GeV, m, = 900 GeV, ypy =10.0

i :mT = 1000 GeV, m,, = 900 GeV, ypy =10.0 s
: pp — tt (SM) 1 Boosted top fiducial phase-space pp — It (SM)
162 qq — it (EFT) qq — Tt (EFT)
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More

Results

* ATLAS-TOPQ-2019-23

mr = 600 Ge\/, my = 590 Ge\/., YDM = 5

1072 ';'t. ° ATLAS data
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Bin-dependent k-factor:

_ Niy(NNLO)

k; .
$m(LO)
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More Results

Expected Limits:

Expected and Observed Limits

Observed Limits:
LHC Constraints

| —— Direct Searches | —— Direct Searches
| —— CMS - m(#) | —— CMS - m(tt)
| = ATLAS - pr(t) | —— ATLAS - pr(t)
.' = | ;
‘. % 102 4
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;' ;' 2 i 8
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1 l i 5 3
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500 600 700 800 900 1000 1100 500 600 700 800 900 1000 1100
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