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Top Quark as a BSM probe

19.7fb"' (8 TeV) + 5.1 (7 TeV)

In the SM the top-quark yukawa
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Searches for New Physics

New Physics searches can be broadly divided into two categories
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Searches for New Physics

Direct Searches

Indirect Searches
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Direct searches for New Physics

- New states can be resonantly produced

| - We search for them through their decay into SM state

y _ —
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A pletora of resonances connected with the top quark

-
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top partners

s - e

Intense experimental activity aimed at the search for these states
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ATLAS Exotics Searches® - 95% CL Exclusion ATLAS Pretmioary Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Indirect search for New Physics

Experimental results point to a situation where My | S

New states too heavy to be resonantly produced

1 . 1
21 M2 Heavy states can be integrated out W

Search NP indirectly through precision measurements of SM observables

Powerful and model independent tool to guide experimental efforts
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Standard Model EFT

A
FCC-100 TeV?
| |
4 ) 4 o — ’ —
SM works i EFT description | Resonant NP S

1
12

1

L = Loy + —0O°%+ |—408+
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SM EFT - The top sector

A complete - non redundant - basis of dimensions six operators identified

[Warsaw basis - Grzadkowski et al. *10]

__7k_v_ e __‘

Operators affectmg topquarkarproductlon ;

Four fermions Triple gluon Dipole

Assumptions: flavor independence
All 4F operators enters with the same coefficient

et D GH
f
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SM EFT - The top sector

Only two operators affecting the top quark - gluon interaction

Cq_
Ol — Ft’}/uTatDl Gf“

CQ_VCI,I/CI,~ CQ_I/aVa
OQ — Ft' YYD GMV(I) VEV/ A2U tl FY Y% D GMV

They can be seen as the leading terms of the Dirac and Pauli form factors

e Fi(q?) +ie ﬁq Fy(q®) Abelian - QED
1\
|
- C D2\ _, Cy ... [D? | .
A—;v“fl (F) D*G,. + fa“ f2 (F) G Non abelian - QCD

Interpretation in terms of top quark intrinsic structure
Non abelian nature however gives rise to interaction with multiple bosons
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Constraints from measurements of total tt cross section

Most precise 13 TeV
M (pp — tﬂ = 835+3 (stat)+23 (syst)

O, = StWT?tD' G?, Does not affect gg — t€production

LHC ~ 6
Tevatron ~ 0.1

' (gg! t8/! (ag! tH {

Tevatron results can still be important to bound Q4

o(pp — tE) = 7.65 =
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Constraints from measurements of total tt cross section

/

CMS 13 Teviaz2m'
0.2} CDF+D0 196 Tevgésm'

Poor LHC o

CMS 13Tevizn'
0.2} CDF+D0 196 Tev8ésm™'

S sensitivity on Q4 g
% § 0.0
<
X)X <A SR W S ——
P R oS 0206 04 -02 00 02 04 06
CyIA? [1/TeV?) CoIN? [1/TeV?)
"""" CMS 13 Tev 3.2 b~
CDF+D0 1.96 Tev 8.8 fb"
0.5
3
=
L HC and Tevatron Sl
measurements are S
complementary -05; B
15 10 05 00 05 16 1%
Cy/N? [1TeV?]
R — e EE— |
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Constraints from differential measurements

a
!

L (pp! t8 " 800 pk \
| £ =3000 b~ ! — 24 x 10% top pairs |

| _ I

The LHC acts as a top factory

‘ High statistic expected In the tails
of the differential distributions,
l.e. where we are more sensitive to

—p higher dimensional operators

wnl

Differential measurements are a powerful probe to test the top quark EFT
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Constraints from differential measurements

vvvvvvvvvvvvvvvvv

1 C1=C,=0
N . C;=0.8TeV?  C,=0
0.100; - | Ci=0 C;=0.35/TeV?
Within the bounds 0100l
= from total xs & | -
S 0.010 S | -
© ©
S 2 |
" 0.010; ‘.
0.001} | L
0.001}
10-4 AAAAAAAAAAAAA P b e e
1000 1500 2000 2500 600 800 1000 1200
my [GeV] P’ [GeV]

Insertion of the (O, operator causes a stronger enhancement at high masses

Normalized distributions less sensitive to the insertion of the operator O

ned idndtl of2!

=

This suggests that (D, can be constrai

————
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Higher order corrections impact

Inclusion of NLO corrections for the Q- operator

[Franzosi and Zhang ’15]

w"(:';:'mw, ncam pp—ti at LHCS
' e e (N)LOHERWIGS
. | CN=1 Tov? CJA*=1 ToV?
. SMLO [7ISMNLO "
Az [10,L0 10, NLO SMLO [7JSMNLO
e o 10,L0 [ 104NLO
- T “—\'1\::‘1”‘\* "

=)
L8 58 A RILL M2
(& X -

. L
gm : B T
- ‘:1“1-1 SR
g S, e : -
8 o & . 310.‘ : ~
11_“::& 8 A, T
t | g i o Ny
: ! PP PP PP PP ! - T \
“ — NLOLO, O NLOLO. SM % Py P I | P m
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Total and diftf. k-factors equal for SM and EFT - cancels out in normalized xs

0.02 (— S S

LHC 14 Tev = .-
mé>2TGV. ’,"’

b - . .
P .
P .
-
001‘_ . . N -
* ’ - -
" ’ . .

A N Shape difference in O relevant
m i:i:f:::fi::':“: B for a future FCC -100 TeV

[Aguilar-Saavedra et al *14]

001 Y
_0.06 A P | A. A e A A 1 -A- .A ------
-0.01 -0.005 dO 0.005 0.01
v
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Constraints from differential measurements

1o do / dml' I TeV

my; [TeV]||1.0]1.1

Y

1o do ! dp"'/ GeV
o
-
N

1.2[1.3/1.4[1.5/1.7(2.0/2.3-3.0

Error (%) H 36 | 20

ph [TeV] |05

25130[31|32|63]58‘ 123 0.008

0.006}-
0.55/0.6/0.65/0.75/0.9-1.2

Error (%] 19

15+

m* [TeV)

] —— 4
- ATLAS 13 TeV 147 "' /

do/dmy /

S 10

do/dp’y

| ——

1.0

05 00 0.5 1.0
C,/N? (1/TeV?)

[ATLAS-CONF-2016-100]

25 |28 45 | 73 | 95 o004t
0.002f

— N
T

Prediction
Data

200 600 700 800 9S00 1000 1100 1200

p;'[GeV]

i‘m | | | 2

, Perform a fit

IC,| < 0.7/TeV?

| comparable to the bound obtained ‘
by total cross section measurement

‘r
}l"
il
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Constraints from Higgs observables

99998

C1

v — MDD Gy, O+ vanishes when coupled to on-shell gluons

O =

h nggs productlon Cross section Constramonlythe Ozoperator

Y 202 1 2 v arpb 1 M
(Mo,)30s, = \[ A 1672 (Mg — 2q2,q10)€N, (q1)€5, (g2) Tr T°T"] % =+ 1+ log m2
+_t log? Vmi, — dmim?, + 2m? — m¥ N Vmé — dmim?, log Vmi, — dmim?, + 2m? — m%
m?; 2m}? m?; 2m?

Counter-term proportional to Ogg = H‘LHGZVGZ’/
Fix W = My

Daniele Barducci Bounding top-quark non standard strong interactions LHC TOP WG - CERN
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Constraints from Higgs observables

to, ~ 1+ 0.755 TeV

o C2
A2

{ ATLAS+CMS

ATLAS CMS

1032915 1.25%03

0.19
0.8475 ¢

----------------

ATLAS+CMS: 7 TeV 548 Tev 20 fb™’

-06 -04

02 00 02 04 06

CoIN? [1/TeV?)

ATLAS & CMS
Run-1 combination
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Prospects for the LHC

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

g | Cument | Current measurements can already be
| used to set competitive
and independent limits on O and O,

Total t€ cross section measurements
dominated by systematics ~4%

Unlikely to improve

-15 -10 -05 00 05 10 15
Cy/N? [1/TeV?)

Differential t€ measurements and Higgs couplings determination are
expected to become more precise with accumulation of more statistics

Daniele Barducci Bounding top-quark non standard strong interactions LHC TOP WG - CERN
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Prospects for the LHC

| Differential me

Assume a luminosity

dependent rescaling of the

systematic uncertainties
with a 15% ftloor

[CMS-NOTE-2012-006]

| | Hiqgssigna

3000 fb=*

Scenario 1

Scenario 2

Uncertainty (%)
Coupling 300 fb~*
" Scenario 1 | Scenario 2
K 6.5 5.1
Ky 11 5.7
Ky B 0.Y
K 14 8.7
Kr 8.5 o.1

Assume CMS projections on
Higgs coupling measurements

Daniele Barducci
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SM EFT - the top sector

““““““““““““““““““““

e tt Expected
= O giff
A
<
i %
0.5F )
- i ggH .
Py 6)
3 |
~
= 0.0f ®
~~
1 0.5¢
i ,,j*x
’ ./'1
2
................................
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SM EFT - the top sector

““““““““““““““““““““

B O, | pocted LHC 300 fb~* LHC 3000 fb~"
| 2 | —0.49 < C1/A* <0.19 | —0.47 < C1/A* < 0.19
) ” ‘ —0.15< C2/A2 <0.15 | —0.07 < C2/A% < 0.07
;t $"$- - : : : : :
| Higgs coupling with 300/fb will provide
T the most stringent limits of O
-$'# .
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII At the end of the LHC program most
A RARATR O stringent limits on Oqand O, can be set
|
Ci=Cy=4! + 11 5TeV Within EFT validity
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Conclusions

Searches for NP are testing the TeV scale also in the top sector

No signs on heavy resonances in LHC data - NP too heavy?

; ~ f |

EFT framework provide a model independent approach for NP searches

It's important to test the impact of many observables in the top quark
coupling determination. Relevant also for global fit approaches

Normalized distributions for top quark production together with Higgs
oroduction measurements provide independent observables to bound non
standard top-gluon interactions

These observables are expected to be more sensitive than total cross
section measurements which is already dominated by systematics
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Conclusions

Searches for NP are testing the TeV scale also in the top sector

No signs on heavy resonances in LHC data - NP too heavy?
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EFT framework provide a model independent approach for NP searches

It's important to test the impact of many observables in the top quark
coupling determination. Relevant also for global fit approaches

Normalized distributions for top quark production together with Higgs

oroduction measurements provide independent observables to bound non
standard top-gluon interactions

These observables are expected to be more sensitive than total cross
section measurements which is already dominated by systematics

Thank you!
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