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 Measurement definitions in tt+jets vs ttHbb

e Measurements of tt+X
e MC tunes used for ttHbb
* New MC data comparisons



arXiv:1502.05923y?2

Particle leve

the concept

* Only use stable final state particles (hadrons, leptons) from MC
predictions in “visible” phase space (detector acceptance)

-> minimized dependence on theory

* Define observables based on stable final state particles with large
correlation to parton level information

-> example: pseudo top

* Correct measured objects for detector resolution effects = unfold
to particle level

-> avoids dependency on model to go from parton to particle
(e.g. finite width effects & offshell top)
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“Particle leve

the definitions

Stable particles with t>0.3*101sec in observable 1 range

Leptons (e, u, v) not from hadron decay
e, W 4-momentum incl. clustering with y in cone with R=0.1

Jets:
clusters all but the prompt particles using anti-kt algorithm with R=0.4
(i.e. v, u from hadron decays are inside jets)

B-jets:
A stable B-hadron with intial p,>5 GeV ghost matched to the jet
-> corresponding to non-prompt Bs from electro-weak decays

Analysis dependent. Typical examples are:
Leptons: pT>25 GeV, h<2.5
Jet pT > 25 GeV, b-jet pT > 25 GeV, h<2.5
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ttbb fiducial xsec

Based on pure particle level definitions

Measurement logic:

b-, c- and light tagging known from calibration

Xsecs of ttb, ttc, ttl derived from fit

Take jet with 3 highest MV1c discriminant as proxy
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Phys.Lett.B 776(2018)355-378

ttbb visible xsec

Based on pure particle level definitions

CMS 23" (13 TeV
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Events /bin

Data/ Pred.

ttHbb: tt+jets classifications

use of parton level definitions
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Consider only jets not from top decay, i.e.
Tt+>=1b: >=1 bjet not from top
Tt+>=1c: >=1 cjet not from top
Tt+light: >=1 light not from top

Selection: 5j, >= 3 b-tagged jets at reco level
Particle level event classification based on
additional jet

Would a particle level selection reduce
model uncertainty?

02 04 06 08
Classification BDT output




“Pseudo-top”

Approximating the top parton

Assumed top decay products:
2 highest p, b-jets, lepton, 2 jets

Leptonic top: Hadronic top:

b-jets with lowest dR(jet,lepton), Remaining b-jet,
lepton, E, . 2 light jets that best fit m,,

Particle/Parton

Orlgmal pseudo top method
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the same method is used on reconstructed objects and particle level objeccts



“Pseudo-top”

Approximating the top parton

Different methods tried with/out constains on m,, and m,,, to optimise for best
- particle — parton level correlation
- Particle — detector level correlation

10001 T T 1T T T 1T T T T{720z 100 ~1nE - =
— [ ATLASSimulaton , 5 - SRCCMS et 006 5
0>> 450~ Resolved 1 o, o - Simulation particle level A §_
2 350_ 13 80 § g 10— 005 —
[0 - = -

2 T y "5 R 2
G 265 60 = S 8 004 =
< 1951 50 E : g
=195 o B 6 003 =
S s f s
E. at 30 = 4 0.02 .E
o 750 20 =
11 10 2 oo1 E

20 2

4 6 8 10 12
Bin at parton level p'r('h)

25 75 135 195 265 350 450 1000
p‘T’had [GeV] (detector level) -

Used for all differential ttbar measurements



Parton level

Not well defined for off-shell top production due to finite width
-> larger model dependence

No standard definition for top parton in event record

But technically possible (take last top parton before decay)
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ttbar+jets production

Measurements & MC

arXiv:1803.08856
Measurements of top pair production differential in arX!v:1708.00737
* Njet, gap fraction, b-jet pT, additional jet pT arXiv:1802.06572
* top pT, ttbar pT, Myy.r Yebars - _
Newest measurements presented in bins of jet multiplicity arXiv:1610.09978
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I Lots of data for inclusive ttbar and ttbar+jets production — confronted with lots of new MCs |




ttbar+jets production

Measurements & MC

arXiv:1803.08856
arXiv:1708.00737
arXiv:1802.06572

Measurements of top pair production differential in
* Njet, gap fraction, b-jet pT, additional jet pT

e top pT, ttbar pT, Myy..s Yitpars - .
Newest measurements presented in bins of jet multiplicity arXiv:1610.09978
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arXiv:1510.03072
Eur.Phys.).C(2016)76:11
Phys.Lett.B 776(2018)355-378

tt+HF production

Fiducial and inclusive xsec for ttb, ttbb production at 8 TeV and 13 TeV
Ratios of ttbb/ttjj at 8 TeV and 13 TeV
Differential xsec for ttb production but with large uncertainties

19.7f7 (8 TeV)

Very limited data for MC model comparison on
ttbar+HF production

Leading add. b jet p, [GeV]
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MC settings for ttHbb CMS

PowHeg + Pythia8 CUETP8M2T4 — special adaption for ttbar
Simultaneous tune of a,; + hdamp using Professor Tool

Data sets: differential ttbar production measurements @ 13 TeV+8 TeV (Njet, top pt, ttbar pt,....)
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ATL-PHYS-PUB-2016-020

MC settings for ttHbb ATLAS

MC samples for most recent ttH
papers were tuned to 7 and 8 TeV

hdamp

Particle level, absolute cross-section

results

Particle level, absolute cross-section

Particle level, absolute cross-section

'—> —_
>
'S.la —e— ATLAS Data, /s=8TeV ﬂlg 1 —s— ATLAS Data, v/s=8TeV % ; .
%l&" —_ ng“dm=?gmmp —-E —— Powheg+Py8, hyamy = 0.5y, & |_+jetS
< 107! Powheg+ Ngamp = 1.0- 22 —— Powheg+Py8, hg,mp = 1.0-m,
b —— Powheg+Py8, Ngamp = 1.5-Mygp g —— Powheg+Py8, hgamp = 1.5-Myp 8
~——— Powheg+Py8, Nyamg = 2.0- My —— Powheg+Py8, hyamg = 2.0- My, 1
107" E
02 0 F —e— ATLAS Data, \/s=7 TeV
1 [ — POII'Eg+Py8, hm:O.s'mm
10_3 - —— Powheg+Py8, hm:i.Ovmlq)
10-2 & — Powheg+Py8, hgamp = 1.5-Migp
; — PON'Bg+Py8, hm=2.0'mmp
1(:—;||||||||||||||||||||||||||||||||||||| 104 16-— | | | |
g 2 g 13 8 q4F
S 1 s 12 S 12F —
g 1.0 1.1 a 1
8. 0.9 E 1.0 § 0.8
X 08 g 09 5 06
0.7 T FEETE FNETE FEETE PR ST PN SN lﬁ 0.8 04 | | | |
0 100 200 300 400 500 600 700 8C 0.7 e e b b by 3 4 5 6
p"I[' [GeV] 0 200 400 600 SOOP%M [691\;?)0 Niass jet pr > 60 GeV)

pT of ttbar system used

to set hdamp parameter Some effect on Njets, precision

of 7 TeV data not good enough
to discriminate

Basically no effect on top pT



Effect of hdamp on ttbb

Particle level Particle level
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tt+b modeling for ttHbb
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CERN-THESIS-2018-062

Differences of differential distributions

in event categories

Thesis N.Asbah
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Similar observations also for other quantities (top pt, pT bb, HT)

Final state with 2 resolved additional b-jets seems less dependent on modelling details




New Observables for tthb?

* Additional jets and b-jets at particle level
— Simple in dilepton events but low stats

— Requires top matching in l+jets: current particle

level algorithms are designed for events with 2
bjets -> further development needed

* Top differential distributions in ttbb events



...mainly addressed questions from Mondays
discussion

- Measurement definitions for ttbar xsec and
ttHbb differ

- MC used for ttHbb tuned PowHeg+Py8
specifically for top events (no global tunes)

- Measurements for tt+HF needed to constrain
and validate models
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Detailed event classification

Shorthand notation Particle-level event requirements
for the templates

tth lepton-plus-jets

tth Mleptons = 1, Njets = S and Np—_jets = 3
ttc Mieptons = 1, Mjets = 5 and np—jets = 2 and
Ne—jets = I
ttl Other events
tth ep
tth Njets = 3 and np_jers = 3
ttc Njets = 3 and np_jers < 2 and ne_jers = |
ttl Other events
ttbb dilepton fit-based
ttbb Njets = 4 and np_jers > 4
tthX Np_jets = 3
ttcX Np_jets = 2 and ne_jers = |

1l X Other events




Phys.Lett.B 776(2018)355-378
Eur.Phys.J.C(2016)76:11

ttbb classifications

ttbb xsecs = pure particle level definitions ttHbb = use of parton level definitions

Jet based classification Jet definition on particle level as for top
Signal: xsec, but consider only jets not from top
ttb:1l, >=5jets, >=3bjets decay, i.e.

ttb: 1 bjet not from top

ttbb: 21, >=4jets, >=2b-jets Ttbb: 2 b-jets not from top

Background: ttB/tt2b: 1 bjet with 2 hadrons not from
ttc:11, 2b-jets, >=1c-jet top
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35.8fb' (13 TeV)
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da/dnigys [Pb]

Expected/Data

it cross-section vs. jet multiplicity for jets above 25 GeV
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Data sets for CUETP8M2T4
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