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Why do we have to have this workshop?

w SM+Higgs works quite well concrete UV

= hat’s annoying but not unexpected

complete models

m what's the BSM landscape?
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What are good places to look?

m global fits to hundreds of parameters technically challenging

m cducated guesses
H1995 sector

t

top. sector

dark matter
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What are good places to look?

top. sector

= my talk: what can we learn from the top sector at the LHC

0. top physics is abundant - why not use it directly

1. what’s the status after the first LHC runs

2. what’s the best way to constrain generic BSM phenomena

in the top sector in the future




Model - independence?

no evidence for
the SM is flawed :
exotics

coupling/scale
separated BSM physics
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Eeohe st b i Theory
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: [Buchmiiller, Wyler * 87]
s [Hagiwara, Peccei, Zeppenfeld, Hikasa " 87]
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concrete models

« (N)MSSM
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* Higgs portals
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I [Giudice, Grojean, Pomarol, Rattazzi ~ 07] ComPOSIteneSS

| [Grzadkowski, Iskrzynski, Misiak, Rosiek * 10]



HUIWarsawbasis set-up outline

general idea

: L e aim to create a scalable framework
parameterredennitions

* no random walks, but polynomial

[Duhr etal.] interpolation of fully differentiable

observables

FeynRules

FeynArts

e we know the outcome!

ety dlor = ot 28 Qe

Ll

nice interplay with Morse theory

MadEvent

» “do parameterisation once

have it forever” Scalability
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constrained top EF1 status

* operators

0%y = (77.9)(Tv"q) Ouw = (qo* T'u) W] 0% = i(¢! D Lo)(gy*r1q)
0% = (g, 9)@r*m'e)  Oug = <WTAu>¢GW 0% = i(¢'' D ug)(ar"q)
O = (@y,u)(wy"u) Og = fapcGL*GPAGS!  Oup = (0" u)¢ B,
0 = (77,T49)(I"T4u)  Og = fapcGYGEXGSH | Ogu = (¢'1D o) (v u)
08 = (v.T49)(dy"TAd)  Oge = ($'P)GLG™ 0,5 = (¢19)GL G4

(@

Oy = (Wy, T4u)(dy*T4d)

* consider CP even operators for the moment
* neglect operators with chiral suppression for the interference with SM

* top pair production, single top production, top pair + 7 production
decay observables, “corrected to top level™



* operators

0% = (77.9)(T7"q)

Ogf = (@' 0)(@y"7"q)
= (wy )(W‘U)
o<8 (@ T"q) (@ T*u)
0;3 = <q ><dwTAd>
Ogi = (@, Tu)(dy*T*d).

constrained top EF T status

O = (@ T u)gW!, 0 = i(¢"' D) (@v'r'q
- <qa“”TAu>¢GW o) = i(p'D ) (@r"q)
Og = fapcGL*GPAGS!  Oup = (0" u)¢ B,
Og = fapcGi"GE G Ogu = (11 D ) @y u)
Osc = (BIOGALGM  Oup = (¢819)GA,GA

* only sensitive to a superposition of operators (at L.O)

lop single top

1
C, = Cé:;)1133 . _(052)1331 - 052)1331)

lop pairs
Ozlb Al 055)1331 B 01331 i 0(3)1331
0121, _ 053)1133 + C( )3311
8)3311
Cd g 0(3)1133 4C£d)

(7d il (7(8)1133_+_(7( 3311



update late 2016?

Dataset Vs (TeV) Measurements arXiv ref. H Dataset Vs (TeV) Measurements Ref.

Top pair production

Total cross-sections: Differential cross-sections:

ATLAS 7 lepton+ijets 1406.5375 || ATLAS 7 pr(t), My, |yl 1407.0371
ATLAS 7 dilepton 1202.4892 || CDF 1.96 M 0903.2850
ATLAS 7 lepton+tau 1205.3067 || CMS 7T pr(t), My, ye, i 1211.2220
ATLAS 7 lepton w/o b jets 1201.1889 || CMS 8 pr(t), My, ye, yiz 1505.04480
ATLAS 7 lepton w/ b jets 1406.5375 | D} 1.96 M, pr(t), |y 1401.5785
ATLAS 7  tau+jets 1211.7205

ATLAS T tt, Zy, WW 1407.0573 || Charge asymmetries:

ATLAS 8 dilepton 1202.4892 || ATLAS 7 Ac (inclusive+Mz, y,7)  1311.6742
CMS 7 all hadronic 1302.0508 || CMS 7 Ac (inclusive+ My, yiz)  1402.3803
CMS 7 dilepton 1208.2761 || CDF 1.96 App (inclusive+M;z, yi7)  1211.1003
CMS 7 lepton+jets 1212.6682 | D¢ 1.96 App (inclusive+M;z, yi7)  1405.0421
CMS 7 lepton+tau 1203.6810

CMS 7 tautjets 1301.5755 || Top widths:

CMS 8 dilepton 1312.7582 || D¢ 1.96 TIiop 1308.4050
CDF + D¢ 1.96 Combined world average 1309.7570 || CDF 1.96 Tiop 1201.4156
Single top production W-boson helicity fractions:

ATLAS 7 t-channel (differential) 1406.7844 || ATLAS 7 1205.2484
CDF 1.96 s-channel (total) 1402.0484 || CDF 1.96 1211.4523
CMS 7 t-channel (total) 1406.7844 || CMS 1.96 1308.3879
CMS 8 t-channel (total) 1406.7844 | D} 1.96 1011.6549
D} 1.96 s-channel (total) 0907.4259

D} 1.96 t-channel (total) 1105.2788

Associated production Run II data

ATLAS 7 tty 1502.00586 || CMS 13 tt (dilepton) 1510.05302
ATLAS 8 1509.05276

CMS 8 ttZ 1406.7830




constrained top EF1 status

 total of 195 measurements, 174 based on differential distributions

* treatment of uncertainties and systematics

|. experimental systematics

in general no control

available experimental systematics/uncertainties added in

quadrature when available

uncertainties of top parton-level matching included when

available

correlation between di

ferent signal regions not included

bin-by-bin migration e

fects do not impact the fit result

10



constrained top EF1 status

 total of 195 measurements, 174 based on differential distributions

* treatment of uncertainties and systematics

2. SM theoretical uncertainties IR oo o)

PDF and scale uncertainties following the PDF4LHC
recommendation: full scale + PDF uncertainty band

no electroweak corrections

no strong/ electroweak operator mixing effects: reasonable to

[CE, Spannowsky " 15]
[Bylund etal " 16]

assume that they are small for direct searches
interpolation error estimated to 5%

uncorrelated with experimental systematics

11



constrained top EF1 status

 total of 195 measurements, 174 based on differential distributions

- fitting
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] t()ps LHC & TCV&[I’()H
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] T()p quark pair pr()dUCti()n

_ | | individual —e— _ | " Tevatron olnly o
Ca e+ marginalized ——e— Ca L . . all —e—
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15]

It‘EZ|—0—|

Single top +——e—
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single top
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decay observables

| LHC A —e—

o ‘ Tevatron App

U . Combined —e—i
o
o
Ci

-1 -0.5 0 0.5 1
C'Z' = Ci1)2/A2

» correlated Tevatron LHC distributions are highly constraining, e.g.
LLHC central charge asymmetry vs Tevatron forward backward
asymmetry

17

[Czakon, Heymes, Mitov " 15]



decay observables
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Top fit quality

[Buckley , CE, Ferrando, Miller, Moore, Russell, White * 15]
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] Summary ()f the t()p SeCtor
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] A note on Vahdlty

L(TeV)

21



[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] A n()te on Vahdlty
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] A n()te on Vahdlty

poor (e.g. non-pert.)
s constraint
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[Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15] A n()te on Vahdlty

poor (e.g. non-pert.)
s constraint
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matching calculation tells you how badly you're doing
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Summary of the top sector

“

axigluons
M 2 1.6 TeV

WD
M > 1.5 TeV

top EFT @ LHC

still has a long way
to go




[CE, Moore, Nordstrom, Russell * 15] A_‘['e we set up f()I’ the flltllfe?

* top quark pheno programme at the LHC 1s well-developed

* we can set constraints on all operators relevant for top pairs
modulo “blind” directions of operator combinations. But...

experimental theoretical model
selection

» which phase space region impacts the constraints on on top sector

max. abundant

26



[CE, Moore, Nordstrom, Russell * 15] AI'C we Set up for the future?
* setup
* top pair production extrapolated to 13 TeV, >30/1b

» split sensitivity range in fully resolved and boosted regime
(HepTopTagger) for semi-leptonic tops  [Piehn, Salam, Spannowsky *09]

Leptons pr > 30 GeV
| < 4.2

Missing energy E™55 > 30 GeV

Small jets anti-k7 R =04

pr > 30 GeV , |n| < 2 \
Fat jets anti-kr R = 1.2

pr > 200 GeV | |n| < 2
Resolved > 4 small jets w/> 2 b-tags reisjo)byeel boosted
Boosted > 1 fat jet, > 1 small jet w/ b-tag

27




[CE., Moore, Nordstrom, Russell * 15]

Events/50GeV

ratio to SM
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Are we set up for the future?

|
resolved

Ca = boosted +—e—

combined —e—
_ 8TeV +-o--
Cu e
C_"Z I-—-i—:—l— --------- =
I
Ci SR y

-0.5 0 0.5
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|CE, Moore, Nordstrom, Russell * 15] A_‘['e we set up f()I‘ thC fllture?

* 1mpactof systematics

Resolved selection 20%
1
I N Il"%l 30/fb

I N ]
a o | 1 300/fb
g 0.6 + -
,%o ||
S)i 0.4 1 1 3000/fb
d
O 0.2 ¢F _
<

0
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|CE, Moore, Nordstrom, Russell " 15] A_‘['e we Setl up f()I‘ thC fllturﬁ?

* 1mpactof systematics

Boosted selection
L 10% 30/fb
0.8 | ml -
: 300/fb
0.6 + _
04T 13000/fb
0.2 + _
0
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[CE, Moore, Nordstrom, Russell * 15] AI‘Q we set up f()r [h@ fllture?

* 1mpactof systematics
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Summary

w we ve started to explore the top sector better than at the Tevatron
m- constraints do not tell us an awtul lot at the moment

m expect improvement with more data, but probably not much room
for theoretical improvements

based on [Buckley , CE, Ferrando, Miller, Moore, Russell, White " 15]?
|CE., Moore, Nordstrom. Russell * 16]




