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Overview

)\ileli‘Ilj(I)H q /\zprwRH + h.c.
EWSB e Coupling strength
® Scalar interactions
* Largeness of A; suggests a e Conserve flavour t

special role of the top quark in
EWSB

» LHC will offer unique chance of
measuring it for the next decades

- ultimate accuracy of 5% may be
achievable at HL-LHC

e How to measure it at the LHC?

generated by top loop

» no direct decay into top quarks

» INDIRECT constraints from GGF and g2 l h w
BR(H—YY) Oq4(mp) = 4872 (¢g + Ct)EGqu

» top+H cross section sensitive to A T

at tree-level generated by 00-mass particles
2
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Overview of ttH searches

e H— bb
p large backgrounds from tt+jets
- tt+bb irreducible

P no single discriminating variable
P mastering top bkg. is the key

oH—}W

p small BR, but small systematics

ATLAS, PLB 740 (2015) 222
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o H —->WW/ZZ/TT

p clean signature, but suffering from
irreducible SM backgrounds (ttV)

CMS ttH, 31 channel s=8TeV. L=19.5 b’
; LLL LA AL
501~ e Data

b

Vi

a2

CMS, JHEP 09 (2014) 087
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Runl summary: ttH

Channel | Experiment| 95% U.L. Uit o References
N EPJC 75 (2015) 349
ATLAS <34 (2.2 | .4 *12.
H O bb (2.2) " arXiv:1604.0381
JHEP 09 (2014) 087
+1.9
<M> <41G2) 1 077 ovis, EPIC 75 (2015) 212
ATLAS < 6.7 (4.9) 1.4 *21,4 |PLB 740 (2015) 222
H— Yy
CMS <74 (4.7) 2.7 *26,5  |JHEP 09 (2014) 087
ATLAS | <47 (24) | 2.1*4,, |PLB 749 (2015) 519
H->WW
CMS <6.6 (24) 3.7 16,4 |JHEP 09 (2014) 087
ATLAS, arXiv:1604.0381 CMS, JHEP 09 (2014) 087
YTy CMS Vs=7TeV, 5051 " G:avrev, 19.3-19.7 o
’nc’udes .~ ATLAS s=7 TeV,45 o' | —EJ af— tiH, H — bb, tt,yy, WW, ZZ — Obesrved
— total s=8 TeV, 20.3 fb" < |\ _m.=1256Ge\ ’
new AH | stitislical . (I‘;'ﬁ) (5:2.'5) ) o 7f
channel """ W= s s of
w> WW/z/Z2Z) — ¢ e 4 U= 2.1 ’:; ’:; 5;
| | )
ttH(H — bb) - e - u=1.4 f::g _*8:2 - 3
— 2
ttH Combination | L / 1'_
2.30 (Expr 4:5G) iy iy’ L

Best fit u for m =1 25 GeV

tiH
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Run2 preliminary: ttH

e H—bb

» improved analysis strategy

- simultaneous deployment of MEM
and BDT discriminants

- boosted top-Higgs category
p sensitivity close to Runl!

o H-WW/ZZ/TT

p improved fake lepton rejection
p Dbetter separation against tt+V
p sensitivity close to Runl!

e Search for H=vyy No excess —
<cically lmited observed in SS .
p statistically limite channel...
e L ll. | I 1.1 R T BT l:. |
-2 0 2 4 6 8
CMS-PAS-HIG-15-005 u .

CMS-PAS-HIG-16-004

CMS Preliminary 2.7 o' (13 TeV)
#% Expected 1o
----- Expected +2¢
Lepton+Jets - Observed
Dilepton
Combined
J A 1 L L | l
1 10
95% CL limitonu = °/°s atm, = 125 GeV
CMS Prehmmary 2.3fb" (13 TeV)
2 :—1‘-7013'; fffffffffff IIYYI.FIYT
§ 18F muw dilepton -
- lTTw
o 16-Elrrz CMS-PAS-HIG-15- 008

‘lllllllllllll lllll
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ATLAS vs CMS: ttH—bb

changed
since Runl|

ATLAS CMS
Jet pT >25
Jet radius 0.4
SL lepton pt >25
DIL lepton pt >25,15

Additional SL cat.

(4j,2¢), (5j,2t)

Additional DIL cat.

(2j,2b)
(>=4j,3t), (3],2¢)

(>=3j,3t)

(>=4j,3t), (3j,2¢t)

B tagging: &b : Eiight

70% : 1%

70% : 2%

70% : 1%

Jet flavour definition

parton-matching

parton-matching

(Ghost) hadron-matching

ttt+jets splitting

bb,cc, LF

bb, b, cc, LF

bb, b, 2b, cc, LF

tt+bb
prediction

POWHEG reweighted
to SherpaOL

MG5+PY6

POWHEG+PY8
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Run2 issues: tt+jets modeling

ATLAS and CMS see different things when comparing 13 TeV
data with “same” MC (Powheg+Pythia)

p jet multiplicity

CMS-PAS-TOP-16-011

CMS Preliminary 22fb' (13 TeV)
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Run2 issues: tt+jets modeling

ATLAS and CMS see different things when comparing |13 TeV
data with “same” MC (Powheg+Pythia)

p b-tag multiplicity = tt+HF modeling

CMS-PAS-HIG-16-004

—
o
o

CMS Preliminary 2.7 fb (13 TeV)
T L ] | T I L T ] L T L4 ] —_;
- pre-fit expectation s ;g”c‘c"‘s’
@tt+b Bt+2b

Number of Events
o b=
w F-N
N

—
o
n

10

data/MC

0.5

@ti+bb
B V+jets
@@ Diboson

@@ Single Top
cunv
g Tot. unc.

e
—
—
—
A
—

Good pre-fit agreement in

S, S,
I“b} L‘laot5/3° *8/30 "Iqb 4/40115/\40‘

L .
%\/ ”‘40 b 44 200g,

tt+HF categories

Events

Data / Pred.

107
10° |

10°|

ATLAS-CONF-2016- 020

- ATLAS Prellmlnary ¢ Data 2015 Qi (SM)  [tf + light
 (s=13TeV, 32" [Jti+cc Wi + bb it +V/H
- Pre-fit ["INon-tt “~Uncertainty !
Y Control Regions E Signal Regions -
3 —e- ! 3

Simulation underpredicts in
same tt+HF categories
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Run2 issues: tt+jets modeling

* Which MC’s are used to model ttt+jets?

p ATLAS — Powheg+Pythiab
p CMS — Powheg+Pythia8
- ATLAS sees no difference when using Pythia8
- ATLAS reweights its tt+HF prediction to SherpaOL (NLO accurate)

- Same Powheg settings, different ME-PS matching options & different
PS tunes

ATLAS, EPJC 75 (2015) 349

* What about tt+HF? £ f o ?
; 10 ATLAS Simulation o~ POWHEG+PYTHIA 3
» inYR4 (to be public soon), g | 0" MADGRAPH:PYTHIA
MG5 aMC@NLO is compared to 2 por TTSHERRAQL 3
SherpaOL and HELAC ol T
= ne O on
- much larger predictions from i
MG5 aMC@NLO, and in the 10 o = 3
direction of ATLAS tt+HF excess sl o o
. < oF ot | T
Workshop on Heavy Flavour Production: £ iek . f \ b-jet
R -
p ALTAS: link Y N
: 2 04f .
p CMS:link o2k .
g %*bﬁar‘”6*3\\*"%”‘;’3*\5%*&%??‘5%?&2 . b-jet
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https://conference.ippp.dur.ac.uk/event/516/timetable/%2320160420
https://conference.ippp.dur.ac.uk/event/516/timetable/%2320160420
https://conference.ippp.dur.ac.uk/event/516/session%0D/10/contribution/7/material/slides/0.pdf
https://conference.ippp.dur.ac.uk/event/516/session%0D/10/contribution/7/material/slides/0.pdf
https://conference.ippp.dur.ac.uk/event/516/session%0Ahttps://conference.ippp.dur.ac.uk/event/516/session%0A/6/contribution/8/material/slides/0.pdf%20
https://conference.ippp.dur.ac.uk/event/516/session%0Ahttps://conference.ippp.dur.ac.uk/event/516/session%0A/6/contribution/8/material/slides/0.pdf%20

tt+bb: experiment

Both experiments have measured 8TeV fiducial cross sections

p possibly some underestimation of tt+b, but within uncertainties

ATLAS, EPIC (2016) 76:11

ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS
| cut-based \s=8 TeV, 20.3 fb’
- e [ I e Measurement results Functional
E stat. @ syst. |} stat.
; @ SMC@NLO+Pythias (BDDP) ‘/ fOrm Of u R
= B aMC@NLO+Pythias (H /)
Ak A Povnhel+Pythias (H /2)
V MadGraph+Pythia
* % K Pythiad (wgtqd) —bb
L o pythios wates) @ g
¢ tunes
Pythia8 (wgtg6, sgtq=0.25)
A A Powheg+Pythia6 (inclusive tf)
// S
5 10 I'Eiid 20 25 30 35 20 40 N 60 80 5(:2 1000 1500 CMS-PAS-TOP-13-016
Citob dilepton [fo] Oty dilepton (o] Oy lepton-plus-jets [fo] PLLB 746 (2015) 132
. +i
CMS observes larger tt+bb: dilepton leptets
(compatible within uncert.) CMS 0.36%0.13 pb 0.35+0.13 pb
| NLO 0.23+0.05 pb 0.23+0.05 pb
See also: CMS, arXiv:1510.03072 10
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Top+Z/VW:a SM measurement

* |Irreducible backgrounds for
ttH—leptons

» prompt leptons and b jets

* Measurement of multi-leptonic final
states with jets

» reduces promptVV background

ATLAS, JHEP 11 (2015) 172
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tt+V: Runl legacy

ATLAS, JHEP 11 (2015) 172 CMS. JHEP 01 (2016) 096
p— 600 L 1T T 29 FES Jose | L) ] Ty ] L A B | I LA B A | I LI | 600 z ~ —
& ~ATLAS B *  ATLAS Best Fit - O sm / CcMS 80
S X —— ATLAS 68% CL . % Best fit
g 500 fl!g =8Tev, 203f0 0 ... ATLAS 95% CL ] 500 70
- +  NLO prediction* - _
g 3 B HiZ Theory uncertainty - £ 60
& 4001~ SN 6W Theory uncertainty = 400
DS i ‘ 2 50 —
. ’ S c
3001~ - 2 300 2041
_ < ] A o~
£ : 4 ) |
200 5 ! = U 200 30
: | I 2
100 - 100
: * Madgraph_aMC@NLO calculation . 5o
0 ~ L 11l I Ll Ll m L l L1 1 1 l 1 L1 1l I L 1. 1 l 1 l-l o
0 100 200 300 400 500 600 0 100 200 300 400 500
fiw cross section [fb) ttW cross section [fb]
ttWV obs (exp) | ttZ obs (exp) Owv Mmeasured with

30-40% uncertainty

p statistically dominated

CMS 4.80 (3.50) 6.40 (5.70) P in agreement with NLO
computation

ATLAS | 500 (320) | 450 (420)
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Run2 preliminary: tt+V

ATLAS-CONF-2016-003 CMS-PAS-TOP-16-009
g -~ ATLAS Prelin:inary I 4-Data I Wiz . ,.‘Q I ! I ! I ! ! .
z s g;grev.s.zm“ -Z’mzu =gz qcJ Dﬁz _
10° Wz MtH = Iﬁ :
- Il Cther Fake leptons H .WZ —
srrsvriWrrsssss Unoertainy N 7 :
B -
rare —'-:'
. data-driven —
i . E 3 TS
° 2j(=0b) 2j(=1b) 3j(=1b) i(=2b) 4j(=0b) 4j(=1D) 4j(=2b)
* Preliminary ttZ/ttW e ...and ttZ from CMS:
measurements from ATLAS » simpler version of Runl analysis
» same precision as in Run-| - Ouz= 1.1%£0.4 pb (NLO: 0.76)
- Ouwz=0.910.3 pb (NLO: 0.76) - 3.60 evidence

p ttW with 50% uncertainty
- Ouww= 1.42£0.8 pb (NLO: 0.57)

|3
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Top+Higgs: the single-top channel

|
|
[ ) [ ) I
Search for single top + Higgs = 1T
. : '-.,_'.'x . ..'+ SM
» suppressed in SM (OnLo ~18 fb) 2 0F. T sy
o o : SM(H-’)’?')
» enhanced for non-SM couplings 5 : - ottH)o g (ttH)
° . . . @ ..... a a
p lifts sign degeneracy in coupling fits £ ook ol
. . | I
» most analyses optimised fot t-channel 02} ATLAS
(th) q q’ q q’ 10° i, U —’7}’
w \S = fiTeV my, = 1254 GeV
H_,__ff_ + » ,’H 10 12:(‘)é46810
b t b o ! ' K
16001 CMS 19717 (8 Te
ATLAS, PLB 740 (2015) 222 e b arXivi1S09.08159 g 3
-5 5: T T T 1] ' '3 :cé n ==+ Expected )
S 45} ATLAS 3 1200 8o
§ Lo |.2ome012 E ot Oszee.
= 1 = 8 1000} N
3.5 Ldt=45fb > E=7T€V - ) :
af Ldt = 20.3 fb", Vs = 8 TeV E ] :
- = 800_ —-:
251 my, = 125.4 GeV = ) 1
of 3 s00r .
s | HOYY o _:
2 Ny A— = ) :
0.5} E 200f s
S : : ] B
0 2z 4 ® 8 10 |4 0
K,

B(H—>yy)/ BS_M(H"YY)
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Runl legacy: K:

ttH—ff: ttH—-VV,yy: tH—YY:
2,.2 2.2 2 k22 2 2
Ky Ky Ki K2 i fftl;V : ' t:'y i Kig (Kt KV ) K5
2 2 2 2 2 2 2 2 2
K’H(":V’ K‘b) K’H(KV’ Kp K’H(KV’ K'b) K'H(RV’ nb) RH(K'V, Ky
| ATLAS and CMS Preliminary —ATLAS ATLAS and CMS Preliminary
LHC Run 1 - CMS LHC Run 1
-+ ATLAS+CMS — :
= : —_— 1 ——e
u : : 2(:) KZ -o- ;\h: 1 -0 :
ggF _°"; — SM— :
- . KW —t 1O ——.—3
— 20 :
My er — : .
B :
uWH - ' Ke
l"'ZH i -
- : Kg ——0—-—
m —
b . K, ——t—
" —— BI':iBSM
lllllllllllllllllllllllllllllllllllllll ll.llllllllllllllllllllllllllllllllllll
0 0.5 1 15 2 25 3 35 4 0 02 04 06 08 1 12 14 16 1.8 2
Parameter value Parameter value

ATLAS-CONF-2015-044
CMS-PAS-HIG-15-002
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Exotic searches in t(t)H-like final states

t(t)H-like final states provide typical sighatures of BSM physics
» high number of b-jets, leptons,and MET

e 1 tttt production
(E.g. gluino pair production)

g m\ b
o : -  “ttbb” and “tHq” final states
%C/ | (E.g. TT-bWtH, H*—tb,
/Z/“CH O single T—tH)
ATLAS, JHEP 08 (2015) 105 = we may see ttH-like deviations even for
CMS PRD 93 (2016) 012003 SM tob-Hiess counlin
CMS, JHEP 11 (2014) 154 pP-rigsg pling
ATLAS-CONF-2016-020 » with more data, differential measurements will

ATLAS-CONF-2016-013

tell apart coupling shifts from other new physics
JHEP 03 (2016) 127

Tuesday, May 17, 16



FCNC from the Yukawa sector

* FCNC are GIM-suppressed in SM
» BR(t = cH) < 105

SM
. t—uZ 8x10°17
® GIM can be broken in SM extensions t—uy 3.7 x 10716

p tree-level currents
- e.g.2HDM, Q-singlets, ...
p ..or large loop enhancement

- for example: BR ~ 10~ in MSSM t—ecy 4.6x 101

_ . ~12
» in general, effect of higher-order operators (EFT) 436:1;0:15 .

L T Aguilar-Saavedra, Acta Phys.Polon.
Y9y v ¢+ eV vy twg! ¢° B35:2695-2710 (2004)

G. Isidori,
e HL-LHC workshop
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Signatures of FCNC

* Flavour-changing decays of top quarks

p profit from large O(pp—tt)

- experimentally challenging to separate
t—Hc from t—Hu

- turn BR limits into constraints on FCNC
coupling:

B = (AtZCH + )‘EuH)/(g2 ) |‘/tb|2 ' X2)

* Enhanced single-top plus Higgs
production

)‘t(u,c)H t—(ua C) H

» Runl analysis mostly focusing on
th w,c
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FCNC in top quark decays

e ATLAS combination:

_,(.0 : Y ] Y LA g I mrry ] rry [ l:
© t ATLAS ]
) \s=7TeV,45f"
- \s=8TeV,203f" -
10.1 - Combined .
-~ BR(t—Hu)=0 -
10¥ = — Observed E
5 - Expected t 1o u
- emees Expected + 20 .
’0-3 I TR E T T | 1

A I L1 1 1 l
0.1 0.2 0.7 0.8

0 03 04 05 06
ATLAS JHEP 12 (2015) 061 BR(t—Hc) [%]

B(t—cH) 95% CL

ATLAS 0.25% £0.46% J

N.B. g4 =

19

e CMS summary:

CMS Preliminary, 8 TeV March 2016
LI L] B N L] B B AL B RA L
Phys.Rev.Lett 112 (2014) 171802
tt, Br(t— Z q) N
JHEP04(2016)035
single top, Br(t— v u) -
single top, Br{t— v c) N

CMS PAS TOP-13-017
tf, Br(t— H c), H— WW,ZZ tx b

CMS PAS TOP-14-020

i, Br(t— H u), H — bb o
[ L

tf, Br(t—=Hc), H—bb

CMS PAS TOP-14-019
tf, Br(t—= Hu), H — vy

Sl
i, Br(t— H ¢), H— yv o

- 95% CL Observed Limit [__] +1o Exp.Limit
—95% CL Expected Limit [__]+20 Exp.Limit

ool s v ol il sl

10°* 10°° 102 10" 1

Top decay Br (%)
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Summary

* We have presented the Run| results on top+Higgs searches
and measurements from ATLAS and CMS

p ttH is the flagship to measure the Yukawa coupling

- afirm evidence of this process is still missing, maybe possible already
at the end of this year?

» tH sensitivity in the ballpark for a flipped Yukawa coupling (*)

- SM tH production remains beyond the scope of the LHC
p searches for exotic ttH-like final states revealed no significant excess

» measurement of the SM backgrounds to ttH final states remains an
important task. Some measurements start to be systematically limited!

* New results at |3 TeV recently made public

p ttH analyses close to Runl sensitivity already
- no excess of SS events in ttH search
p issues on ttt+jets modeling should be settled as soon as possible

20 * A. Giammanco, Rev. Phys. 1 (2016) 1-12
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Grazie
ber l'attenzione!




Back up




ttH—bb: theory

PRL 87 (2001) 201805
NLO NPB 653 (2003)
PRD 68 (2003) 034022
ttH Interference arxXiv:1412.5290
EWK corrections arxX1v:1504.03446
tt+bb @NLO PRL 103 (2009) 012002
PLB 734 (2014) 210
tt+bb NLO+PS JHEP 07 (2014) 135
tt+bb JHEP 1503 (2015) 083

tt+jj NLO

PRD 84 (2011) 114017

tt+jj NLO+PS

PLB 748 (2015) 74

23
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Principle

Assign each reconstructed event with its probability density

P{7 € [do, o + i | S, 0} = ps(i0/0)d /,4 ps(i710)dj = 1

observed quantities \ normalisation

(e.g. jet, lepton momenta) model parameters
(e.g. JES, particle masses)

1 dog
S _"0
os5(0) dy (4,6)

dos(i7|0) = / 4 (Z)da, day Z({zix;m,;agis|Ms(a:~',e)|zw(g',:z*;0) di

p if the underlying scattering process is ps(y00) =
theoretically known:

» convolution of theoretical prediction
detector resolution

24
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The top quark Yukawa

/

@
2

B S

H— VYV, ff H—oyy L~

loo

[ f] " o _ Not (yet)

Kt Kt lla T Kvedtiy
O taggable

| fee] [lo0p] i *
|Ke s + Ky Aty

OH [tree]

Decay modes with
25 dedicated analysis
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tt+V: signal extraction

Signal extraction from simultaneous fit to lepton categories

p improve sensitivity by dedicated |ID discriminant
- CMS uses of an event reconstruction algorithm to boost sensitivity

2SS 3 lep . 4 lep

noZ
" uu + =4 jets + b tags 19.5 b (8 TeV) v 31 +22 jets + b tags 195" (8 TeV) +btags 19.5 fo' (8 TeV) o gl loosebtag+Zveto  19.5f" (8 TeV)
‘525 Non-prompt fwz  Other BtiH §4°'_ Non-prompt [fWZ = 2z  Other = yompt llwz ZzZ Other ’5 L Bt BMz+wz  zz Bwwz
W Nz Bttw ¢ Data @ [ WH “tiz lttw *Data Btiw [tiz *Data @ [ tiex WMttH  tiz *Data
ool POSHfit CMS | Post-fit CMS CMS 6/ Post-fit CMS
(f) 301 (b) (e) [ (")
5t A !
: : g : %2,
8 2 - ‘ B; 2 '] ] 1} 1] L L} . 1} A 1] 1} . 1} ] » & s s s ) s o - . - . g 2
% 1&- té 1 E 1
0 oo 1 ) 5 1 15 2 25

06 04 02 O .
mber of medium b-tagged jets

Main backgrounds: ttZ almost
fakes, ttH, ttZ background free Main irreducible
backgrounds:
WZ, 27
CMS, JHEP 01 (2016) 096 26
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H—YY

» diphoton events with ET™s, leptons, jets

- top reconstruction to suppress YY 3 122;_ ATLAS . Data
+iets continuum o 3 . [_]JSHERPA yyj, norm. to data
J S o - 8oV, [ Ld - 203 Clsignal, B - 5%
» fit to myy spectrum: £ 7OF Hadronic Select
W 60f-
50 (®)
40F-
%15 ‘A-,'-L'A'””'””'oomzmuzmz I 30;—
(3 Hadrong Selection _(s':? :s;:},“g:w"“"""m bikg. it 20;—
E 14 SMnggsu:ontlnuum bkg. E 105_
S 12 -- Continuum bkg. E E 4
v I L dt203 1" Vs BTV - % 0 250 300 350 400 45(2 500
' = m,; [GeV]
10 ILdt= 47f", Vs=7TeV -
8 +- 34 _ Resonant H—yy from MC
6 .
) - E Non-resonant from fit
T
P00~ ~"T10 720 730 140 150 160 B(t—cH) 95% CL Exp. Obs.
my, [GeV]
ATLAS 051% 0.79%
ATLAS, JHEP 06 (2014) 008
CMS, PRD 90 112013 (2013) CMS 0.71% 0.47%
CMS, PAS-TOP-14-019 27
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FCNC in top quark decays

CMS 19.5fb™" (8 TeV)

| 4-leptons: OSSF1, off-Z, no taus, no b-jets

H—WW, ZZ

» 2,3,4 lepton final states
- with b-tags and Ey™ss

1

~#- Data
[} H—hh 300 GeV
[] Bkg. uncertainties
[ Misidentified
3
Cwz
11—t $ i
3 dw
2z

S SN LL AL B SM Higgs boson

10

Events/Bin

LI Illllll
|1 lllllll

8L AL

Ul lllllll

N

10

0-30 30-50 50-100 >100
ET™ (GeV)

B(t—>cH)95% CL | Exp. | Obs.

e, Leee 17% | 1.28%

00l 0eel + yylt 0.65% | 0.56%

' |

LOECE 0L | 0.89% | 0.93% !
CMS, PRD 90 112013 (2013) il -
CMS, PAS-TOP-13-017 -
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FCNC in top quark decays

H—bb
p search region is 4j+3/4 tags (it overlaps with ttH/tHq)
ATLAS JHEP 12 (2015) 061 CMS, PAS TOP-14-020
§ 50:—:?'“.“s 2 ;3"‘3m(ea 1%) : 700? llllll l ; - D]ata o ﬁ
% E 48:3 t')l'eV. 203 fb :] :::lg.m jets Lﬁ 600;_ ‘ j Total
i __ Pre-fit - {K,'*’ . tt+jets
40: EnH 500 20 xt— cH -
2 ‘ll\!g!gI"Bkg unc. E Other bkg
400F t — cH sig.
300}
200F
o 100;
3 85704 05 06 07 08 098 1
01 Neural network response
Analytical event B(t—cH) 95% CL Exp. Obs.
likelihood ATLAS 051% | 0.79%
CMS 0.89% 1.16%
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tt+bb:theory ©0 @ @

ttbb tt2b :

State-of-the-art tt+bb prediction: 4F NLO+PS (e.g. SherpaOL)

Mass of first two b-jets (ttbb cuts) PLB 734 (2014) 210 ATLAS, EPJC 75 (2015) 349
g 10‘ —_ll [ | I LI B ] | B A | I L | I LB A I L e I LI B I LI ll—.— % : I I .l ] 1 | | I | :
o C mmem e LO . 3 10 ATLAS Simulation w0 POWHEG+PYTHIA 5
£ : --- NLO - S F --0-- MADGRAPH+PYTHIA
2 ) s=== MC@NLO % } |
g 3 — MC@NLO,; = 1 E o SHERPA OL E
s 1 - .
© - - R S—— Y N
. 1 0_1 vl —
: : veilew O g
07 U
- SHERPA+OPENLOOPS 103 _,_Z, ..... Ovm O_;
25 ; O §
a .:-_ s 1 Lmv"v} 1 | | | g ; —::
S L 2 S P
< BF & 42 N
5 O = o o
T IR ... cccccccoc@)eccccacrcencssieeis - t§ 08 weeOe
0.5 Ll L l L1l l | - l 1 1.1 l L l L 11 I L1 1.1 l L1 1 l: 8 8.; l :.. ‘
0 50 100 200 250 300 350 400 = T
myp [GGV] g L ‘,\.bb 6'* ﬁ‘\'&? &% ﬁ&?sgagv\%%?‘“‘?\w
f b-jet
Non trivial K-factor.
: : Enhanced double
Choice of Ur scale impacts key R
gluon splitting
observables (e.g. mpp, mass) i
30 b-jet L
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CMS Simulation

> 6 jets, 2 b-tags

tt+If

ttH
EWK

tt+bb
tt+2b
tt+b

tt+cc

S/B=0.004, S/\B=0.324
4 jets, 4 b-tags

tt+b

tt+bb

tt+2b
S/B=0.016, S/\B=0.121

tt+bb: theory

4 jets, 3 b-tags

tt+lf

ttH
EWK

tt+«bb
tt+2b

tt+b

tt+cc

S/B=0.003, S/\B=0.137
5 jets, > 4 b-tags

tt+cc

tt+bb
S/B=0.028, S/\B=0.275

31

5 jets, 3 b-tags

ttelf

ttH
EWK
tt+bb

tt+cc tt+2b

tt+b
S/B=0.006, S/\B=0.252

> 6 jet, > 4 b-tags

ft+cc

tt+b

tt+2b

tt+bb
S/B=0.035, S/\B=0.456

CMS-PAS-HIG-16-004

> 6 jets, 3 b-tags

tt4lf

ttH
EWK

tt+cc

tt+bb

tt+b tt+2b
S/B=0.011, S/AB=0.430

Boosted
ttelf

tt+cc

EWK

tt+bb

t+2b
S/B=0.019, S/\B=0.204
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ATLAS vs CMS: ttH—bb i 5750

ATLAS CMS CMS Run2
Tob b7 reweighin - tt+LF same for all tt+jets
PP shing - tttcc subprocesses
PS modelin PYTHIA vs HERWIG
5 (uncorrelated among tt+X)

e - UR/UF/Uq variations
odelin - ¢ quark mass MRr/UF scale

8 - MG5 vs POWHEG
tt+bb
modeling URr/UF scale, PS, PDF MRr/UF scale
Single-top Ur/Ur scale, PS, PDF
modeling S
tt+V modeling Mr/MF scale, PS, PDF
ttH modeling URr/MF scale, PS, PDF
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