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Introduction

...the hierarchy problem , —

a ___\___/____ - — =2 A

nd the Higgs mass...

Vector-like quarks (VLQs)

» could damp the unnaturally large corrections to my
» predominantly decaying via t/b+V, e.g. T—Wb / Zt / Ht

Top partners from Composite Higgs models could also address naturalness

New heavy bosons with enhanced couplings to 3rd generation -
»Z’ and W’ models, RS models with KK gluons &"‘(’V\
» Little Higgs models, 2HDM, and more Jns
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Jet substructure for largeR jets ‘M |
_ _ —
» final states with several tops and V-bosons

> boosted tops/bosons can appear merged in the detector (AR~2m/pr)

> different grooming algorithms and tagging approaches (see backup)
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The searches in this talk

Vector Like Quarks
—Single VLT: tZ(£0)+X
1A@)s' VLT pa|r tZ VvV +X 1-@ Where did we stand *approximately*?

EXPERIMENT

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fL dt = (3.2-20.3) fo ! V5=8,13TeV
u - Model £,y Jetst E?'ss JLdt[b] Reference
| ADD Gkx +g/q - =1j Yes 3.2 1604.07773
ADD non-resonant £¢ 2eu - - 203 3HLZ 1407.2410
AT LAS | | 2 ADDQBH - (g 1eu 1j - 203 13112006
EXPERIMENT S ADDQBH - 2j - 157 ATLAS-CONF-2016-069
2 | ADD BH high 3 pr >lep  22f - 32 . Mp =3 TeV, rot BH 1606.02265
v £ ADDBH multjet - 23j - 36 . Mp 3 TeV, rot BH 1512.02586
3 RS1 Gy — £l 2epu - - 20.3 1405.4123
o RS1 Gkk — vy 2y - - 3.2 1606.03833
£ | Bulk RS Gkkx — WW — qqlv 1eu 14 Yes 132 1.24 TeV. ATLAS-CONF-2016-062
u Bulk RS gk — tt 1epu 21b 2142 Yes 20.3 1505.07018 )
i [ ¢ m———— . RS
SSMZ' — it 2eu - - 133 4.05TeV. ATLAS-CONF-2016-045
'AT LAS § SSMZ' 7t 27 - - 195 1502.07177
| , S Loptophobic 2/ — bb B 2b - 32 |2 mass 15TeV. 1603.08791
EXPERIMENT 8 SSM W' — (v Ten - Yes 133 W’ mass 4.74 TeV ATLAS-CONF-2016-061
- @ HVT W' — WZ — gqvvmodel A 0 e, 1J Yes 13.2 W’ mass 2.4 Te' gy =1 ATLAS-CONF-2016-082
© | HVT W' - WZ - qgggmodel B — 2J - 155 |W/mass 3.qfrev ATLAS-CONF-2016-055
VSV IE TSNS
LRSM W}, — tb feu 2b01j Yes 203 H 14104103
LRSM W/, — th Oeyu >1b1J - 203 R 1408.0886
—— —
_ Clqaaq - 2j - 157 ATLAS-CONF-2016-069
O Clttqq 2eu - - 3.2 2a.c1ev =1 1607.03669
S Cluuee 2(SS)/28epu>1b>1] Yes 203 Crel = 1 1504.04605
S| Axial-vector mediator (Dirac DM) 0,0 21 Yes 32 [ma 1.0 TeV £¢=0.25, 8,=1.0, m(y) < 250 GeV/ 1604.07773
S Axial-vector mediator (DiracDM) O e, 1y 1j Yes 32 [ma 710 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,pu 14,21]  Yes 32 M 550 GeV ATLAS-CONF-2015-080
o Scalar LQ 1** gen 2e =2j - 3.2 LQ mass 1.1 Tev 1605.06035
3 ScalarLQ 2" gen 24 z2j - 32 |LQmass 1.05 TeV. 1605.06035
Scalar LQ 3" gen i 1508.04735
VLQTT - Ht + X les >2b>3] Yes 203 1505.04306
w VLQYY - Wb+ X Tepu =21b23] Yes 20.3 1505.04306
3‘{ VLQ BB — Hb+ X 1eu =22b23] Yes 203 1505.04306
88 viaBB- Zb+ X 2>8eu  2221b - 203 s 1409.5500
| L& viaoo- walg 1eu 24 Yes 203 1509.04261
C M S i ™ VLQ Tsj3 Tojs —» WEWE 2(SS)28 ep 21b,21] Yes 32 | Tsamass 990 GeV' ATLAS-CONF-2016.032
5 xcited quark g — qy 1y 1 - 32 | q mass 4.4 TeV only u” andd’, A — m(q’) 1512.05910
g T @ Excitedquark g" — qg - 2j - 15.7 5.6 TeV only u” and d*, A = m(q") ATLAS-CONF-2016-069
L] % S Excited quark b* — bg - 101 - 88 231 ATLAS CONF-2016-060
B & £  Excitedquark b’ — Wt lor2eu 1b,20j Yes 203 1510.02664
| / & Excited lepton (* Bepu - - 20.3 B i 1411.2921
Excited lepton »* Beut - - 20.3 <1 Tev 1411.2921
LSTC a7 — Wy Tepuly - Yes 203 1407.8150
LRSM Majorana » 2epu 2j - 203 ~ e 4 TeV, no mixing 1506.06020
~ Higgs triplet H** — ee 2e(SS) - - 13.9 H** mass n,BR(H," — ee)=1 ATLAS-CONF-2016-051
Q  Higgs triplet H** — (r 3eut - - 203 . BRH: - (1)=1 4112021
5 Monotop (non-res prod) Tepu 1b Yes 20.3 Bnon-res = 0.2 14105404
Multi-charged particles - - - 203 DY producion, [g] - 5e 1504.04188
Magnetic monopoles — - - 7.0

DY production, |g| — 1gp, spin 1/2 1509.08059
1 |
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
e W e a vy o S O n S FSmall-radius (large-radius) jets are denoted by the letter j (J).
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CMS-B2G-17-007 [V [l
2016 data, ~35.9 fb! 2= ﬂf/.‘\\@ tZ(.Q Q)+X

» Optimised for single VLT—1Z(£220)

» 20(small AR)+jets (=1b) plots showing Mass(Z+top)
: : o 35.91b7 (2016, 13 TeV) | 35.9 fb” (2016, 13 TeV)
» Bkg from a CR with b-jet veto E o CMS oy o E 25 Gy o
. VY (V= Zor W) C ) mmm VV (V=ZorW)
> Z+jets(>80%), ttV, tZqg, tt 30  eem(ze | c0- €€ semi- | T Do i
////////// | Tb—tZb (M=1TeV, LH) ] Tb— tZb (M=1TeV, LH)

3
@
q
Q
®
Q

77777 Tin 2u + 1top jet 15

Tin2e + 1W jet + 1b jet
N(forward jets) =0

» Use tagged t- and W-jets
» Categorise by leptons and top:

T T T
I I

T 1T

merged -
» fully-/semi-merged/resolved ! Z%
» number of forward jets (0,=1)
» 10%-45% uncertainty: low statin 3 o SR SR Sl

the CR impact on the normalisation My 0 (GEV] My, [GEV]

- - 35.9 fb” (2016, 13 TeV
35.9 fb™' (2016, 13 TeV) 35910 (2016, 13TeV) | o _reaus b (20 )
E CMS —— Observed —— width/mass = 10% '-§_ . CMS —— Observed Z— width/mass = 10% o F Preliminary tZt/;;éetsfn oto
= | Prelimi — Expected - width/mass = 20% = Prelimi — Expected [ ----- width/mass = 20% 0 soF- — 'V (V= Zor V)
_8' relimminary  __ o(LO), singlet T(b) - width/mass = 30% oS | reiminary  __ o(LO), doublet T(t)\;++ width/mass = 30%, r ttV and tZq (V=Z or W)
N N - » IJIJ y [~ Background uncertainty
™ yE 40— lved ] Tb— tZb (M=1TeV, LH)
1l > B - resoive Tin2u + 1b jet + 2jets
o = = r N(forward jets) >0
8 = doublet (RH T) 30F ( jets)
T B C / . %
t a 20—
g 8 5
N— b L
b 10_/ /A
81.55-
g 1
% 055 =
8 07600 800 1000 1200 1400 1600 1800 2000

mz 0 [GeV]
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ATL-CONF-2017-015

2015+16 data, ~36.1 b1 LU¥W

XPERIMENT

tZ(vv)+X (12) ¢ ;K{t

> Optimised for TT—Z(vv)t+X
> 10+=4jets+=2Jets+MET (=1b)
» Bkg: tt, W+jets and single-t

» Categorise by object multiplicities,

by kinematics and by

> mr2 variants (generalised mr for two

undetected particles

> MHTsig = (MHT-100GeV)/omnT
» MHT: vector -2pT(leptons+jets)

» ovnT from per-event JER

> ~17% uncertainty from tt modellmg (< stat uncertamty)

Events / 100 GeV

O . N WS O O N O ©

= | ]
- A TLAS Prellmlnary e Data —ééeTotaI Pred =
- Vs=13TeV, 36.1fb" [JtioL«105 @Ot 1Lttx1.05
— Signal region [Z1Single top [[]W+jets x0.70 —
= [ Diboson [E@tt+V E
= [1Others =
S m,=1.1 TeV E
= BR(Zt Ht,Wb)=(0.8,0.1,0.1)
— 9 Signal region =
= missing Er =
= (single bin in the fit) E
- s SEE
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ET® [GeV]

> > o
3 = e ey aa < Data . S 60 s =13 TeV, 36.1 fb’ :-'?3:3 Pred.
= 60;\: \\ ff validation region Egztfi:id. E g - Wiets validation region ] Wejets 070 3
P N\ . Mt 1ltex1.05 @ 50 . [Diboson
‘g 50 tt+jets VR -ﬁn_ﬂ,(:sos . g - W+jets VR  otrers
> - - -ﬁ+v > 40_ NN s
& 40 missing Et = mt(W ]
s g []Others E ;\ ( ) :
20 R _E \\\ N
10 -
. O+ +++ S B R e o .
8 2 E B -
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ATL-CONF-2017-015 SO
2015+16 data, ~36.1 fb-1 A@AS tZ(VV)+X (1 -g) ﬂ%

EXPERIMENT

S {L ATLAS Preliminary ~  — Observedlimt
— - (s =13 TeV, 36.1 fb™ - - - Expected limit -
O [Limitat95% CL 1o -
é E ?‘% (;roduction :
10- BR(T—Z1)=100% Limits on m(T) [GeV]
: » Pure T—2Zt 1160 (1170)
102k _ » Singlet 870 (890)
: > Doublet 1050 (1060)
800 000 1200 1400

—_
N
o
o
]

= T T S g T 1200 o
E 8673 Zt+X1|+E$‘ss:§ 1000§ E’ 83 \ Zt+X1|+Err"‘ss:§ 1000§ m(T) below ~1 TeV
o : suig) st {900 % R\ s souoer 900 g excluded for:
8:4 Expected : 800 3 g:4 — d:% g0 | ” BR(T—H1t)<65%
0.3 | Broo & 03 N\ oo 3 at BR(T—Wb)~0
(1)521 | \ : 600 g %21 | : 600 B BR(T—Wb)<45%
% 0102030.405060.70808 1 °% % :‘\(30__(_);1’0.20.30.40.50.0.70.80.9 4 500 g at BR(T—Ht)~0

'; BR(T — Wb) )-' BR(T — Wb)
BR(T—Zt)~100%
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ATLAS-CONF-2016-102
2015+16 data, ~14.7 fb-1 A@ Wb+X (1 -g)

Plots sowing St=pt(2)+Zpt(jets)+MET vs AR(v,0)
» Optimised for TT—>W(2v)b+Wb/X s womesmaenr-pos B tiigg i LTS .

8 ook © 14710, Vs=13TeV 53 8 500 t 14710 =13 TeV aooé
= i Boosted & - . Boosted 700 &
> 10+jets+MET, =1b ] - ¥ el Y- s
F | . = 'CRI 3 = 'CRI 500 &
. : | ¥ 35 4008
> Tagged W-jets are vetoed if they : - Signal - ¢ . ttbkg - "¢
are also tagged as top-jets . _ e b ST fgg
: ATLAS Simulation Preliminary]| N ATLAS Simulation Preliminary

1.5 2 25 3 0 05 1 15 2 25 3

> W(&v): mw constraint to get pz(v)

: : : < 4000390 GeV signal: BR(T .‘.’,V.VP??‘.A . R(Ip) s » o 4oopdomnantbackaround:f A R(Ip) i,
> Bkg: tt+jets, Wjets, single-t and (8 aufi=c| vt § £ of w48
&b s esolve i ng E_ _esov g
multijet (from data, 100% uncert.) | B A T B L
— - - 1.5% 2000} 3000%
: = Signal | 2 1s00f tt bkg o
» TT reconstruction: ol T " _Resolved
bt ATLAS Simulation Prefiminary b, 1., ATLAS Simulgtion Prefiminary

0 05 1 15 2 25 3 0 05 1 15 2 25 3

> pair Wh a.nd W-g With a” Signal A R(lep, v) A R(lep, v)

jets to define Tr and T Categorise by St and by the
> best configuration is the one » hadronic W—J/jj decay (boosted/resolved)
minimising Am = Im(Tn)-m(Te)l > AR(£,v)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-102/

ATLAS-CONF-2016-102
2015+16 data, ~14.7 fb-1 A@ Wb+X (1 -Q)

EXPERIMENT

2 ARAARERERERRRERS T @ T T T AR AR BN
§ 3000~ ATLAS Prellmlnary *Data [ ttbar — § - ATLAS Preliminary *Data [ tibar .
w : s=13TeV, 14.7 o' [IWijets [l Singletop 1 4000: Js =13 TeV, 14.7 fo' [IWiets  [llSingletop
C TT—> Wb+X 1-lepton [l Others 7~ Uncertainty 350(): TT—> Wb+X 1-lepton [ Others 7~ Uncertainty -
25001 SR boosted 7] - SR resolved E > Fi i mi i
- SRboo S it 7 | » Final discriminant is m(T¢) due
2000~ m(Te) in the - - m(Te) in the : I
: (To) [— (Te) 3| tocleaner top reconstruction
- boosted SR ] = resolved SR - o
1500}~ E 2000~ 1 | » Limits:
a3 4 1s00F 3 _
1000 ] : . > BR(T—)Wb)=1 .
C ] 1000F- =
W e eI S E m(T)<1090 GeV (980 GeV)
o 1.20"— | | 4 3 1.20"— ' ' ' = = > SU(Z) Slnglet
T - —o— ' 1 & - ]
S WM%///// U S sy m(T) <810 GeV (870 GeV)
g 08 | T - g 08 [ T -
0 260 460 660 860 10b0 12'00 14I00 16I00 18I00 2000 0 260 460 660 860 10I00 12I00 14I00 16b0 1860 2000
m<P [GeV] mP [GeV]
= M0 = Is M0 =~ = (E—T T T g
" ATLAS ; 3 T o ATLas g E = = ATLAS Preliminary |
! Prefiminary (S = 13 TeV, 14.7 7 &, 0 50 T : Preliminary S = 13 TeV, 14.710" |8 ) & 1 2 Vs =13 TeV, 14.7 fo" e .
L D E E : E_ E ...... ::j(LJI:nIpr Limit |
& TT — Wb+X 1-lepton % o 0.72— TT — Wb+X 1-lepton 900 % é 1 I 5w Exp:m —E
e 0.6:— £ © [ ] os%CLExp 220 .
Expected 3 05t Observed B = = - ]
S 0.4 A 107 =
> 0 35_ 700 2 C \
(0] M o) -
8 0.2F - 5 I ~
g or- L\ AR B 2 10‘25— BR(T—Wb)=1 E
0 0.1020304 0506 07.08 09 J- >0 500 600 700 800 900 1000 1100 1200 1300 1400
BR(T — Wb) m; [GeV]

————————————
BR(T—Wb)~100%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-102/

e o B tH(bb)+X (02,12)

EXPERIMENT

2em. EFT 4t ¢

> Optimised for TT—tH(bb)+X

> 12/00+jets+MET (=2b) o

» Tagged t/H-jets with =2 subjets —

> Bkg: tt+jets, single-top and V+jets ww S 1 o e e

> Categorise by multiplicities and by i -g o
ErR  nomalsdboEg : e L

- m(bb, ARri) - signal peaks atmy | == || "]

102 ] 107

> mt(b)min - signal peaks at my i pr | I
> Mest - Signal peaks at ~ 2m(T) 1

15 .

N(mass-tag jet) =

% g 15 |
. e B e s LI S ~ :“WWW T T O T
> ~50%(—16%) uncertainty from tt g o) | S RN o

2 3 4 5 o 1 2 .3

m Od e I I | N g | N th em O St sens |t |Ve S R b-tagged jet multiplicity Mass-tagged jet multiplicity

0 5 > 400 ||||||||||||||||||| T > T
% . : T T T T I T T T T I T T T T I T T T T I T T T T E 8 ATLAs Pre||m|na|'y E t?i.tight lets : 8 1200 ATLAS Prellmlnary 5 t?at? ht t
C 1 . 1 + light-jets
© .45 ATLAS Simulation Preliminary = S 350-15=13TeV, 13210 Cti+=1c g Q [ (s=13TeV, 132107 — 5, 3¢
< E 1 7 P - 11, 1J, 26}, =3b Emtt+=1b . @ 10001 r 0l, 1, =7j, =2b i+ =1b b
q 0.4 | Vs=13 TeV, 13.2 for E € 3000 Postit (Bkg-only) [ Non-t = = - Postit (Bkg-only) [ Non-tt
I = 11, 1J, =6j, =4b, HM ] Total background ] o E 7/, Total Bkg unc. . e C 7 Total Bkg unc. ]
— eewaltiion wl o sy B e UCE
. T ssesas tttt EFT . : - ........ .—> u
qu(; 0 3:_ """""" th(z (1 'I)'eV) B m(bb ARm"‘]) . normalised 0 total Bkg = C mT(b)min :normalised tototal Bkg
= -3E L . K . ; 600~ T e .
B SRR 150 27 . i
B 0_25_— ] n r 7 [ 1 -
g " Mett = ZpT(Signal objects)+MET o, | : 400"
C C = L S T EETTRRRTRRERRRRRR R N 200
C 50 2 - i
0.15 - . = e N
C 7 0 0
0.1 E 2 15F . 2 15
0.05F [T = 5 oo eeeati s !
E © 0.5 - @ 05 F ]
c |_—|— I ] S ol : : : : - ; O ol - : : : ]
% 1000 2000 3000 4000 5000 0O 50 100 150 200 250 300 0 50 100 150 2:)0 250
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S  ——
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-104/

o nr. W H(bb)t+X (02,12)

EXPERIMENT

—
T

1] 7T T T T T T 1 | | = TS - T~ - - ] o
= 10 ATLAS Preliminary —®= Data E A m; =600GeV 1: ™. m; =700 GeV 1 ATLAS Preliminary
o Y, [t + light-jets ] ? 0.8r “ I ., : §
o 108 's=13TeV, 13.2fb Ctt+=1c _ 0.65k “w, G, 33 . % ] Vs=13Tev,132 fb"
Search regions mmtt+=1b E t E uf%‘ 1 "5??1@/. {1 ==:Exp.limit [JObs. limit
5 Post-fit (Bkg-only) [ Non-tt - C 04f: o ' H e X OJop
= = 7/ = | : S [ : . > + -lep
10 v Total Bkg unc. 3 m 0.2 ”s,. —+1 \%* . Ht+X Combination
. . . NI " T%N, 1 % SU(2) doublet @ SU(2) singlet
10* 1 'Q(_ E RN ' ' ' R ' ' N ' ' ' b
= F m; =750 GeV fi . m, =800 GeV f: . m, = 850 GeV ]
7 08__: .’q. I ’.\\ T ~\~ ]
3 C & * i i
10°€ 3 0.6k ", T* ", T ", ;
i 3 & L, ¥ Zoy I Zy
o [ 7 0.4 3 T4 DR T3 » & 2
10° = i o - ] o v T N tL DLW .
— = 0.2._: e l==Tahe, T4 Aol --T'%; _.._:.-.p’---' N -
B B :: A‘f‘--‘ ; L) E ““ 1 : 'f -:E L .'h" L 1
10 £ Z . 85_5'\\ m, = 900 GeV 5"\\ m, = 950 GeV ] 5"\\ m, = 1000 GeV
R T - BT - B E
1 - \’u% F: x?%% Fi ,-5-:‘\% -
E) 0.6:? o.{o% -:? --3‘_;3%. ?v : ~: ,o?/{s}. ]
m 15 B — 0.4:_: _ :_,:s$/ _“_:___,v- ' :, 2 I +* ,’o 25y ]
o I 5{? L LE LG 1 R ¥ iP5 e
o 1 *@w@%@%ﬁ@’@"@é@@#@%@“@'ﬁ@z&/ /5’7"97/ /ﬁvf 0.2( R _’.o" T R T '." e E
A I 4 " Pt - 4 .h',.-’.'.,;...;.,.::"..""...;...;.,,;...;'
0 05F ] . 81_5'1;":._\ m, = 1050 GeV_ff_f"%.,‘ m, = 1100 GeV 1 ** m, = 1150 GeV |
IR N NN NN N AN N N NN TR MR NN NN N N e S 13 4
Fr° s ¢ i < BR(T—Ht)~100%
8332285885833 F3832% ool Ty, T %, vy
89858 T 8S8sK88r 0.4F: ¢ g T .l ¥ .
R A N N R I i e S ° 1 ° ° ]
S3REReVJS 3R NTN 0.2F3f 1 1
“:‘2{2'_;:'_”»005'0:’%2“55'33‘_/“- 0': ) ) ) ! Ty T ]
=T = - S =" N e 0O 02 04 06 0.8 0O 02 04 06 0.8 0O 02 04 06 08 1
== =] 3 S 5 _
95% CL lower limits on T quark mass [ GeV] BR(T - Wb)
Search BR(T - Ht)=1 BR(T — Zt) =1 Doublet Singlet ’
1-lepton channel 1180 (1120) 740 (820) 1060 (1000) 900 (880)
0-lepton channel 1090 (1070) 1060 (1010) 1090 (1060) 950 (890)
(| Combination (1200 (1160) | 1100 (1040) 1160 (1110) 1020 (960) )
Previous ATLAS T7 — Ht+X seardhes (1-lepton)
Run 2 (3.2 fb1) 900 (980) 700 (740) 800 (900) 750 (780)
More reSUItS for EFT 4t and 2HDM Run 1 k950 (880)) 750 (690) 860 (820) 760 (720)
are in the conf note linked above e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-104/

CMS-PAS-B2G-16-019 [€¥g

2016 data, ~35.9 fb-1

» Pair production of top-partners: Xs53—W*t(bW™)
» WW*— 270 *vv’ with the other WW™—jets

> 00+=5(jets & leptons), Hr>1.2 TeV

» Stringent requirements on the electrons’ charge
» Bkg estimation:

> prompt SS: mostly diboson (from simulation)

» prompt OS: OS events reweighted by charge
mis-id prob. (data driven, ~30% uncertainty)

» non-prompt SS: heavy flavour, fakes etc.
(data driven, ~50% uncertainty)

Left Handed X, CMS Preliminary, 35.9 fb” (13 TeV) Right Handed X_ CMS Prelimin ry359fb (13 TeV)
T L B L L B L L B BRI R T _""I""I""I""I""I""I """" 3
— C ] o C =
' C —e— 95% CL observed - 95% CL expected | . —— 95% CL observed - 95% CL expected ]
o) - o)
2 gL s>
S ~
L0 Jrel
I><Q <

[Te]
X 107
o)

107

IIII||III | - IlII|II I|IIII II|I|IIII
700 800 900 1000 1100 1200 1300 1400 1500 700 800 900 1000 1100 1200 1300 1400 1500

CMS Preliminary 35.9fb” (13 TeV)
= ' mmDO/TriBoson 3
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10t Hrforeetep+ul B0 G =
= o [ NonPrompt =
10° - RH1.0TeVX,, _|
> = LH1.0TeVX,, 3
(0] : e Data ]
O 10 =
o = 3
N - .
g E
g 1F
2
10“;—
102
| 2
5 L e B e e B e
2l 0
o L
=)
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H” (GeV)

X, mass [GeV] X, mass [GeV]
N EEEEE—————————————————
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*2015 data analysis with both SS-22
and £+jets final states: B2G-15-006
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-006/index.html

CMS-PAS-B2G-17-010 CMS\

2016 data, ~35.9 fb-1

» W’ could couple more strongly to 3rd Plots showing m(t+b)

generatlon quarks 5 o _c'\f'Tsy;'li'm"?a'yl ........ |.]..:Zi?ft?-l.?1f ,Tev)_ 5 :.(.:,'\fzir,‘jf'f’f'}??f.l ]]]]]]]] ,.Iji.g o (13 TeV).
» Heavy W’ = boosted top = b+£ overlap &=r ™ S :
> 10+=2jets+MET (=1b)

> Bkg: tt+jets and W+jets from MC (& CRs)| . E
> Best top in my: from my, constraint to get|

107"

L] u [ L] 5 oF 5 oF

2 - 3 L

pz(Vv), combined with j; or jo £
9%, 2k 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 g 2k 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

» W’: the “best” top and highest pr jet

> ~15% uncertainty due to each top PT Categorise by £ and by number of b-tags (1,2) and by Type A/B
reweighting and renorm’+factor’ scale with Type A: pt(t)>650 and pr(j:1+j2)>700 GeV (otherwise Type B)

M, (GeV) M, (GeV)

35.9fb™ (13 TeV) CMS Preliminary 35.9fb™ (13 TeV)

o T Lriniary 3600 — x 1 3600 — CMS Preliminary 359" (13 TeV)
«® > < > o) AL RO B B N T H
> o a [ —— Theory M <M,
3200 : ’ 3200 : = 10 S - Theory M S My
3000 = 3 - 3000 % 3 *11' - —— 95% CL observed ]
8 E - 2800 E e N, e 95% CL expected |
0.6 S 1k I =10 expected =
: 12400 LE - [ ] +20 expected =
0.4 —2200 0.4 —2200 ~r.
- 1 2000 i 2000 =z 10
- ~1800 - -1800 i
0.2 expected Bc00 0.2~ observed [ @ ozl -
[ 959 CL Expected \ 1 | 11400 :95% CL Observed : 1400 © - SLIE
ob o L ol oo B
0 002 0.4 0!6 008 1 1200 0 0.2 0'4 0'6 0'8 1 1200 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 I
al al 1000 1500 2000 2500 3000 3500 4000
W' Mass [GeV]

>

c=11 =07 )0Sm T p ] (a7 (af — ag )01, + ak(ak — a7)or + 4a7aR0LR — 2a5a%0511) T —
L R
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CMS-PAS-B2G-15-003 [@¥19g

2015 data, ~2.6 fb1

» SSM Z’ and RS KK gluons Plots showing m(t+1)

R — 26" (13Tev) 260 (13Te
o/ OO/ 300/ € .0/l CMS 1_b;taga,IAyI<1.0; H10§ECMS btag | —
> TeSt rZ’ Of 1 O, 1 O, O, L%w %P reliminary 1b. | Ay|<1 \:’:ot:-TopMultijet; L%ma—gp reliminary |:|:o:\-TopMultijet;
: wE ’ o : 1b, IAYI>1 v
1.€. <Odet, ~Odet, >Odet wb ez ] w0 TN
y Coo4 n 4 TeV Narrow Z' E ‘ p ‘ 4 TeV Narrow Z' |
10
» Heavy Z’ = boosted tops :
1 =
— bW(qQq’ lap = FFe ;
(qq ) Over ap 2 107=1000 2000 5000 356053655000 107 =1600 2000 00
r T 2 ol b il _ oo b o L4 | -
largeR, high pr t-jets S et | S et -
3 7000 2000 3000 __ 4000 5000 5000 O3 1000 2000 3000 __ 4000 5000 6000
tt Invariant Mass (GeV) tt Invariant Mass (GeV)

» Bkg: multijet and tt+jets

> multijet bkg: using mis-tag ﬁat_egorifbe bybI'A’?/Jg ?nzdfbytt:elnug?berfjf Jelts
=1 bh-
(top) rate from a CR aving =1b-subjet (0,1,2 for the leading JJ only)

o [T 26 (18T @ 26 fo” (13 TeV)
D> o " 8 10° = CMS —— Observed = 105% CIMS | ' — Observed
~20% uncertainty on the = - | - — ovened

. - L. N g [ +10Exp. ¥ gE_ [ +10 Exp.

top-jet tagging efficiency 2 ol come. NS wl
&F —— 7'10% Width (NLO) ] X . f — RS Gluon (LO x 1.3) ]
c 102k = o 107 E|

Mass Exclusion % s o W5 © RS KK gluon with -
: . ; E ol SSM Z’ with || = [ v B
Signal Model | ExclusionRanges(TeV) I re1on INE BR(G—tt)~94% °
Expected  Observed 2 1 113 .
Z (1% Width) | 12-16 14-16 S ol 108 ol ]
Z’ (10% Width) | 1.0-3.1 1.0-3.3 o & ] o :
7' (30% Width) | 1.0-3.7  1.0-3.8 g E I T

RS Gluon 1.0-2.5 1-24 10° 5602000 3500 3000 3500 4000" 10° 000 1500 2000 2500 3000 3500 4000
 EEE—— M;. [GeV] M, [GeV]

S ——
Equivalent Z’—tt (boosted) searches in 2+jets: ATLAS-CONF-2016-014 and B2G-15-006
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-014/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html

Conclusions

» Presented the newest searches data with 3rd generation final states
» These searches are using advanced jet substructure & b-tagging techniques

» No significant excess/deficit is observed by both experiments yet
» What’s next for the VLQs and naturalness relationship?
» LHC /s will not be improved dramatically soon
» Luminosity will increase significantly but...
» mild gain in sensitivity to VLQ mass (while oB will scale as expected)
» will it be enough for seeing VLQs at (or above) m~1 TeV?
» looking at more exotic cases with e.g. exotic productions
» New bosons may still hide at low masses due to weak couplings
> various analyses are starting to look more carefully over there
» switching-on the SM interference may have interesting impact as well

> | will not tell you to “stay tuned for more results in the coming months!”
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-013/index.html

BACKUP

Noam Tal Hod Mar 21 2017

15



Motivation

» Divergent contributions to the Higgs mass in the SM inggS>
» Cancellation may come from models beyond the SM l I IS S |

> VLQs appear in several SM extensions like SUSY,

. . . . . . q Qvr 9 Qvr gossoy—>— Qv
extra dimensions, composite Higgs, little Higgs etc I DU L G T
> spin-'4 coloured particles with L/R components that
transform similarly under the SM N VO AN G P
y ‘73'>\M,\<QVL QJEQVL qj>- <Q_VL a; 2 QveL

> mixing predominantly with the 3™ generation quarks
of the SM (18Y/2"? not excluded) o s 0o

qi Qvr G ;
> masses not generated by Yukawa coupling to Higgs quqk S L N CHRI e
» flavour-changing neutral current decays, as well as

charged-current: T—Wb,Zt,Ht, B—W1t,Zb,Hb ZWZ?V Z>s <zw Zs q ;im 33 g \,\jm

> small mass splitting in the same multiplet is required
so e.g. T—=WB is kinematically forbidden

> New heavy bosons also appear in SM extensions like
Z’ and W’, little Higgs models, 2HDM, Randall-Sundrum
Kaluza Klein gluons etc

» may have enhanced couplings to the 3" generation
fermions of the SM

Noam Tal Hod Mar 21 2017 16



Jet substructure 1

» Decays of boosted massive particles (t,Z,W) appear merged in the detector
» we have much more of these topologies at 13 TeV compared to 8 TeV
> the average angular separation between the decay products is AR ~ 2m/pt

» Must develop largeR-Jet techniques with different grooming algorithms, input
variables, tagging approaches etc.

» Jet grooming is used to remove soft contaminations from PU, UE and ISR

» Jet grooming examples

> Trimming: Jets built with the anti-k; algorithm using R~1, trimmed using
R~0.2 subjets, removing those whose pr fraction is e.g. <5% of the jet pt

» Soft-drop: remove soft, wide-angle constituents. Degree of grooming is
controlled by z.,: and B with B— returning an ungroomed jet

: AR\ Trimming| _.---..
Soft Drop Condition: min(pr1, pr2) > Zeut ( 12) OOO o O -/ ‘ O‘\
pPT1 +pT2 RO O o O o w"'O ‘ '|
o © O OO ““ O.’:
Soft-drop: given a jet of radius Ro with only 2 0 o° ~ @
constituents. Can be extended to >2 constituents sl e ;'#-Tet < fou
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Jet substructure 2

> N-subjettiness, Tn: the degree to which a
largeR Jet is composed of N smallR subjets

» Using the distance from a jet constituent to
the nearest subjet axis

> Discriminate N from (N-1)-body structures
within jets using the ratio Tn/Tn-1
> To1 (T32) USed to separate 2(3)-subjets
from 1(2)-subjet structures for e.g. W’s

(tops)

> Jet mass: the difference between the squared
sums of the energies and momenta of the
constituents

» Energy correlation functions, e,®):
The ratio, DnP, of the normalised n-point ECFs

is used to identify boosted, N-prong jets | 4”=- Py
P-r ¥

Pry 1<i<j<k<ny

> Promising machine-learning taggers will
use these variables (and others) as inputs

Noam Tal Hod Mar 21 2017
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0
Y 7 0 — Ek kaRO:J
A5 minary T
For pT(t)>500 GeV: 35 0.065— gi{n’-lﬁ;iz:e"mmary 1
AR ~ 2m/p'r <~ 0.7 £ 005 SOOGe\;th; 1000 Gev =
= 0_04f_ —— multijet _f
0.03?— _i
o.ozi— _i
0.012— =
001 02 03 04 05 06 07 08 09 1
T3
@ 012
5 ATLAS Preliminary
e 01— Simulation 7
g 500 GeV < pT< 1000 GeV ]
Z 008

0_22— ATLAS Smulato —:
0.2 Vs=8 TeV 222 W-jets (in W— WZ) 7
TTE ™12 w3 Multijets (leading jet) ]
0.181 350 < p™" < 500 GeV G8T _ 509 =
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0.1 " 6 _ gﬂ) -
0.081 L Dy ONYE

0.06)- M ()3 |
0.041 . T -
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b-taggigng

ATLAS

» Jets containing b-hadrons are tagged via an algorithm that uses multivariate techniques to
combine information from the impact parameters of displaced tracks as well as topological
properties of secondary and tertiary decay vertices reconstructed within the jet

» For each jet, a value for the multivariate b-tagging discriminant is calculated
> The jet is considered b-tagged if this value is above a given threshold

» The threshold used corresponds to an average 77% efficiency to tag a b-quark jet, with a
light-jet rejection factor of ~126 and a charm-jet rejection factor of ~4.5, as determined for
jets with p1>20 GeV and Inl<2.5 in simulated tt events

CMS
> Jets are clustered from objects reconstructed by the particle-flow algorithm

» Simple Secondary Vertex (SSV) algorithms use the significance of the flight distance (the
ratio of the flight distance to its estimated uncertainty) as the discriminating variable

» Combined secondary vertex (CSV) algorithm involves the use of secondary vertices,
together with track-based lifetime information

» The threshold used results in a b-tagging efficiency of ~80% and misidentification rates from
light flavour jets of about 1%.

» Can be applied both to AK4 jets and the subjets of AKS8 jets
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ATLAS-CONF-2016-104

2015+2016 data, 13.2 fb-1

tt + HF jets (02,120)

10

02

Search regions (>6 jets)

minAR

Mass-tagged jet multiplicity = b-jet multiplicity my, Meg ‘ Channel name
0 3 - > 400 GeV | 0J, >6j, 3b
0 >4 - > 400 GeV | 0J, >6j, >4b
1 3 <100GeV > 700 GeV | 1], >6j, 3b, LM
1 3 >100GeV > 700 GeV | 1], >6j, 3b, HM
1 >4 <100 GeV > 700 GeV | 1], >6j, >4b, LM
1 >4 > 100 GeV > 700 GeV | 1], >6j, >4b, HM
>2 3 - - >2], >6j, 3b
>2 >4 - - >2], >6j, >4b
Validation regions (5 jets)
Mass-tagged jet multiplicity ~ b-jet multiplicity ~ minAR meg | Channel name
0 3 - > 400 GeV | 0], 5, 3b
0 >4 - > 400 GeV | 0J, 5j, >4b
1 3 - > 700 GeV | 1], 5j, 3b
1 >4 - > 700 GeV | 1], 5j, >4b
>2 3 - - >2J, 5j, 3b
>2 >4 - - >2], 5j, >4b

Noam Tal Hod
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Search regions (>7 jets)

Mass-tagged jet multiplicity  b-jet multiplicity mf;, min Channel name

0 2 - 0J, >7j, 2b

0 3 - 0J, >7j, 3b

0 >4 - 0J, >7j, >4b

1 2 - 1], >7j, 2b

1 3 < 160 GeV | 1], >7j,3b, LM

1 3 > 160 GeV | 1], >7j, 3b, HM

1 >4 <160 GeV | 1], >7j, >4b, LM
1 >4 > 160 GeV | 1], >7j, >4b, HM
>2 2 - >2J, >7j,2b
>2 3 < 160 GeV | >2J, >7j,3b, LM
>2 3 > 160 GeV | >2J, >7j, 3b, HM
>2 >4 - >2J, >7j, 24b

Validation regions (6 jets)

Mass-tagged jet multiplicity  b-jet multiplicity

b
mT, min

Channel name

0 2
0 3
0 >4
1 2
1 3
1 >4
>2 2
>2 3
>2 >4

0J, 6j, 2b
0J, 6j, 3b
0J, 6j, >4b
17, 6j, 2b

17, 6j, 3b

13, 6j, >4b
>2J, 6j, 2b
>2J, 6j, 3b
>2J, 6j, >4b

2017




CMS-PAS-B2G-16-011 s
2015 data, 2.6(e)-2.7(u) fb-1 tt + lets (1 -g )

> M N Excluding T quarks with masses below
Optlmlsed for TT H(bb)t+x 860 (870) GeV, assuming BR(T—Ht)=1

> 12+22Jets+23jets (21 b)  26(e),27 (W' (13TeV)

» H-tagged jets: with =1b-subjet t e CeMS -
lgt_; - <700 <700 IESONes 7

> Multijet bkg taken from simulation
» Categorisation: o " |
> H2b: =1 H-tag with 2 sub-b-jets DA |
> H1b: =1 H-tag with 1 sub-b-jets D |

» OH: zero H-tags o < m m e JH

0 0.5 1
. . . BR(T — tH)

Plots showing St = 2pr(all signal objects)+MET

CMS Preliminary 2.6 (e), 2.7 (w) o' (13 TeV) 10° (_.‘.MIS Preliminary 256 (e), 2.7 (u) fb"l(13 TeV) CMS Preliminary 2.6 (€), 2.7 (u) fb" (13 TeV
% 108 — —e— Data —— TT (1.6 TeV) (x 5000) E - —e— Data —— TT (1.6 TeV) (x5000) | % 10% —e— Data —— TT (1.6 TeV) (x 1000) —
g 107 = —— TT (1.2 TeV) (x 500) —— TT (0.8 TeV) (x 50)  —] pt 1071 —— TT (1.2 TeV) (x 500) —— TT (0.8 TeV) (x 50) — g s| —— TT (1.2 TeV) (x 100) —— TT (0.8 TeV) (x 10)
= — ot W +jets — =/ — ot W +jets = = 10° = ot W + jets B
~ 10° Single t DY + jets ] ; 10° — Single t DY + jets — ~ — Single t DY + jets —]
*UE’ B Diboson QCD N e L Diboson QCD _ "2 10° = Diboson QcD |
4 = Stat. uncert. MC  [_| Tot. uncert. MC = 2 sl ] Stat. uncert. MC [ Tot. uncert. MC i Q B [ Tot. uncert. MC 1
W 10 — w 10° — I}

- OH - - Hib - 10

10— — 10— —_
= =SSR SIS — - — 1
10— = 107" 10

- _: ™ 10—3
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e 2T Single VLT (02,10)

02-

» =1Jet+=4jets and H>1100 GeV

» H-tagged: 1,/11<0.6, pruned mass in
105-135 GeV and p>300 GeV

> t-tagged: 13/1,<0.54, soft-drop mass in
110-210 GeV, p>400 GeV and subjet b-tag

> The pr leading H-jet + t-jet with AR(H,t)>2
are paired to form the T candidate

» Bkg: tt+jets, multijet(data), and W+jets

» Data/MC ratio in Hy is fitted with a linear
function after preselection.

» The Hy distributions of MC backgrounds are
reweighted using this fit

10

» >2jets (could be forward, i.e. Inl>2.4)
» >1H-tag, 90<my<160 GeV, AR(J,2)>1
» Tops: my constraint to get pz(v) with

Focus on T—H(bb)t /(

all jets (no b-tagging), pt(t)>100 GeV

» T—tH candidate: X? algorithm for all

pairing combinations with AR(t,H)>2

» SR: H with 2b-subjets and =1 fwd jet

23" (13 TeV) 23" (13 TeV)
> 00T T T SR > 20T T T T T R B
& FCMS ¢ pat [ tt+jet El ] "CMS 4 Data I ti+jets E
o E [ Multijets Il W+ijets : Py [ Multijets -W+jets ]
X 16 XX Total background uncertainty 4 8 16F X Total background uncertainty E
@ u — Thq (LH) 1200 GeV  ---- Tbq (LH) 1800 GeV| o — Tbq (LH) 1200 GeV ----qu (LH) 1800 GeV]
g El ) —
u i

H, [GeV] M(T) [GeV]
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2 2 2
X2 = (MH,MC — MH) n (Mt,MC — Mt) n <AR(t,H)MC — AR(%, H))
l OMy MC OMMC UARMC '
-
2210 (13 TeV) 231" (13TeV)
> [T T T T T T T T > S B L
[} ¢ Data [ r CMS . Data 1
S 10+ — T, (1700)>tH (1pb) — (0] - T, (1700)>tH (1pb) -
o | -+ T,,(1200)>tH (1pb) o 30 muon ----T(1 0} tH (1pb)
8 (700)—>tH (1pb) S [ channel (7 )—’ (1pb) ]|
> - rt. bkg. » i bkg.
] L fit = i
(O] | o 20—
> > L
T G :
I 10-
g 1f : s g 1j
8= o] . W EE o vty . |
e 0 1500 3 0 500 1000 1500 2000

T quark mass (GeV) T quark mass (GeV)
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e 2T Single VLT (02,10)

02 10
Assuming T quark width of 10 GeV. Analysis

(13 TeV)
. —_ . . o @ I I —
insensitive for this assumption up to I'(T)~10% Signal 2 [ ems ot ony
S 1 M. S 1. S . . § | Smuation oo T e an)
M — Tbq, LH couplin 3 M — Tbq, RH couplin " = I~ —pp—>T, b+X (ele.ch.)
cms li Obse(:ved Iimitp ° - - - Expected limit ] cms ’i Obse:ved Iimitp ? - - - Expected limit eff I c I e n cy " -E r " b
10 M-:1s.d +2s.d. 10 M:1s.d +2s.d. e

including ;
BR(t—?+jets)x T

--.pp — Tbq, c:‘” = 0.5, B(tH) = B(bW)/2

IIllI 1 11 IIIlII

o(pp — Thq)xB(T — tH) [pb]
o(pp — Thq)xB(T — tH) [pb]

L = 10"
—— : BR(H—Dbb)~8%
0 T 107 q000 1500
] SRR TR T quark mass (GeV)
1000 1100 1200 1300 1400 1500 1600 1700 1800 1000 1100 1200 1300 1400 1500 1600 1700 1800 —
M(T) [GeV] M(T) [GeV]
. 231" (13 TeV) - 2sw'avey | EXCluded cross sections are ~order of magnitude
2 E e o L Tia LH c'o'u',,;"' """""" E ry ' . countin . = g
S M i st | = % omtmee™ ] | higher than the predictions and the current data
= 10 B:1s.d +2s.d. = = 10 M:1s.d. +2s.d. = .
i : I - pp — Tig 2=, B4 = 52) do not place constraints on this model
g 1“ g The sensitivity of the 2 analyses is comparable
= - =
11 ER 2317 (13 TeV) 2317 (13 TeV)
a E ] =) ) E L : ) T : T T3
° 107 3 ° 107 2 [ CMS - pp-T,bsx =05, B(tH)_B(bW)/2 2 CMS - pp—>T, 14X, ¢%=0.5, B(tH)=B(t2)
r ] ..I.. — Obs 95% CL ..I.. — Obs 95% CL :
1000 1100 1200 1300 1400 1500 1600 1700 1800 1000 1100 1200 1300 1400 1500 1600 1700 1800 |1 10 ;f’:"sf:ﬁ:;aﬁon E |1 104 ;fﬁpsf:ﬁf‘;aﬁon E
M(T) [GeV] M(T) [GeV] <% [+ 2 std. deviation <Y [[]= 2 std. deviation
pp — Tbq (LH) | pp — Tbq (RH) | pp — Ttq (LH) [ pp — Ttq (RH) ° % °
Mass (GeV) Limits in pb
Obs. Exp. [Obs. Exp. |Obs. Exp. |Obs. Exp. ok e - o
1000 093 136 | 066 096 | 040 057 | 037 057 e |
1100 044 060 | 042 059 |035 048 |031 045 S SR S N
1200 047 041 | 038 032 |042 044 |042 044 T quark mass (GeV) T quark mass (GeV)
1300 044035 1035 028 ) 045 057 1 044035 >
1400 037 032 |032 026 |044 039 |044 039
1500 039 033 |03 031 |047 028 |038 025
1700 0.52 0.24 0.46 0.20 051 0.19 0.51 0.20
1800 051 023 | 039 019 |049 020 |044 018

>
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CMS-PAS-B2G-16-009

2015 data, ~2.55 fb-1
e 2.55fb™ (13 TeV)
L , 8 YECMS . o é
» W’ width is set to 3% of the W’ mass 8 10° Preliminary L o2 =
» Heavy W = boosted top = b-jet and W—qq’ |2 ¢ S e
overlap = single, largeR jet (t-jet) 8 1k o Wamoocw =
10° =
» =2Jets (§1 b-tagged? | | y é
» Top-tagging (0.3% mis-tag rate working point): 1k .

» soft-drop declustered Jets, 110<my<210 GeV
» N-subjettiness with 132<0.61

(Data-Bkg)/o
N L O ald

500 1000 1500 2000 2500 3000 _ 3500

» subjet b-tagging My (GeV)
> The b-jet from the W’: a 255107 (13TeV)
> highest-pr, loosely b-tagged jet a 103;_C'MS' om(g/C)—
> away from the t-jet in IAGI>TU2 and 1Ayl<1.83 T [ "™ cpamimosicn
» soft-drop mass <70 GeV s B o s :
» for tt bkg, this jet has mass >my or even >m; "_;,r 103— _wEgpd E

» Bkg: tt+jets, single-top & multijet é b3 E
» Multijet bkg is estimated using the average b- = 10 1;—A"_Hadmmml |
tagging rate measured in a QCD-enhanced CR | & .t 7720 zmzwzjg:‘z\;
My, (TeV)
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ATLAS-CONF-2016-073
2012 data, ~20.3 fb-’ H/ A_)thte 8 TeV(')

2 2 2

m4;; —mw mMsp — Mg; — My, —W Mspy — Myt

X2: [ JJ ] _|_[ JJ ) h :| _|_[ ] e]
ow Uth—W

» Focus on 2HDM gg—H/A production
> reinterpretation of JHEP 08 (2015) 148
> first analysis to include SM interference

2
N [(PT,jjb — PT,jev) — (PTty — pT,te)]
GdiﬁpT

> assume type-ll 2HDM with sin(a—B)=1 :j_gzzﬁfvize;:z":m ;‘*
and no mass degeneracy between H/A , § =7 .
> check ms=500/750 GeV and low tanf |; o e
s
> 10+jets+MET resolved (and boosted) i :
> my constraint to get p,(v) e e
» X2 algorithm for objects assignment o
» Categorise by € and number of b-tags ﬂ_sw.mmﬂ“’
> S+l shape@NLO: same k-factor as for S "7 et mssrimay el man Ay

i ; gg—>A-ftt, m, =500 GeV ,|  99->H-t, m, =500 GeV

£ sin(B-o)=1, Type Il 2HDM = sin(B-a)=1, Type Il 2HDM

» Scan v with u=1 being the exact model
hypothesis while u=0 is the SM ttbar only

Obs
===== Exp. 95% CL upper limit ===-- Exp. Lu i
107 10
E Exp. + 1o uncertainty E - Exp.* ncertainty
F Exp. + 26 uncertainty E \:I Exp. £ 26 uncertainty
> — Y I S R I B B B WA N R PP I IS I B R S W N R
. . A( H ) — o 1 2 3 4 5 6 7 8 o 1 2 38 4 5 6 7 8 9
an tanp

> no tan3 value is excluded for maw)=750 Scan Vu with u=1 being the exact model

hypothesis while u=0 is the SM ttbar only
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https://link.springer.com/article/10.1007%2FJHEP08%282015%29148

