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“Higgs” Discovery
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“Higgs” Discovery
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

T T 1
L=4.7 fb”, 7 TeV [1210.4491]

L=4.6b", 7 TeV [1209.4625]
L=4.7 fb”, 7 TeV [1211.1150]
L=4.8 fb”, 7 TeV [1209.0753]
L=5.0 fb™', 7 TeV [1209.2535]

TTTTT] T T T T T 1711 T T 1
43716V Mj (8=2)

1.93Tev. M, (8=2)
4.18TeV. Mg (HLZ 6=3, NLO)
1.40TeV! Compact. scale R™
a7i7ev] M ~R™

ATLAS

Preliminary

L=20 fb", 8 TeV [ATLAS-CONF-2013-017]

2.47TeV. Graviton mass (k/Mp = 0.1)

L=4.7 fb', 7 TeV [1208.2880]

L=7.2 fb”, 8 TeV [ATLAS-CONF-2012-150]

1.23Tev. Graviton mass (k/Mp, =0.1)
det: (1-20)fb"

L=4.7 fb”, 7 TeV [1305.2756]
L=1.3fb", 7 TeV [1111.0080]
L=1.0fb™, 7 TeV [1204.4646]
L=4.7 fb, 7 TeV [1210.1718]
L=4.8 fb", 7 TeV [1210.1718]
L=5.0 fb™, 7 TeV [1211.1150]

850 Gev Graviton mass (k/Mp, = 1.0)
207TeV. g mass
2sTev M, (5=6) \s=7,8TeV
1.5Tev.| M, (5=6)
411 TeV. Mj (3=6)
76Tev. A
13.9Tev| A (constructive int.)

L=14.3 fb™, 8 TeV [ATLAS-CONF-2013-051]

33TeV. A (C=1)

L=20 fb", 8 TeV [ATLAS-CONF-2013-017]

2.86 TeV Z' mass

L=4.7 fb”, 7 TeV [1210.6604]

1.4TeV Z'mass

L=14.3 fb”', 8 TeV [ATLAS-CONF-2013-052]

1.8TeV. Z'mass

L=4.7 fb™', 7 TeV [1209.4446]
L=4.7 fb™, 7 TeV [1209.6593]

255Tev. W' mass

430 GeV. W' mass

L=14.3fb™, 8 TeV [ATLAS-CONF-2013-050]

1.84 Tev. W'mass

L=1.0fb™, 7 TeV [1112.4828]
L=1.0fb™, 7 TeV [1203.3172]
L=4.7 fb™', 7 TeV [1303.0526]
L=4.7 fb™', 7 TeV [1210.5468]

660 GeV

1 gen. LQ mass

685Gev 2™ gen. LQ mass

53 Gev 3" gen. LQ mass
656 Gev t'mass

L=14.3 fb”, 8 TeV [ATLAS-CONF-2013-051]

720 GeV_ b' mass

L=14.3 fb™", 8 TeV [ATLAS-CONF-2013-018]

790 GeV. T mass (isospin doublet)

L=4.6 fb™", 7 TeV [ATLAS-CONF-2012-137]
L=2.11b", 7 TeV [1112.3580]

1.12Tev. VLQ mass (charge -1/3, coupling K ,q = v/m,)
2.46 TeV| Q" mass

L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-148]

3.84 TeV. (* mass

L=4.7 fb”, 7 TeV [1301.1583]

870 GeV. b* mass (left-handed coupling)

L=13.0 fb™', 8 TeV [ATLAS-CONF-2012-146]
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“Higgs” Discovery
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“Higgs” Discovery

Les Houches 2013, A Weiler
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Elementary vs Composite?
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E w9 XldElementary scalerfiFh ?

» Weakly interacting model (SM? SUSY? Others?)
» MSSM7Z & 1%L DFine-tuningHhYih 2
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» Strongly interacting model (Technicolor? Little Higgs? Others’?)
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Probing Composite Higgs (1)
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Probing Composite Higgs (11)
Compositefi F&ELTDE Y T RA%ZERIETESH ?
2) Strong¥ A+ X 7 AICBE U TS FDNFET 5159,

EZZDHRB[CHKZH
» TP =HhF—: Spin-1 pHlE - WZ, II, VH, ...
» RELRTT (RS) : KKIZERY - tt, VV, KKTIL—FY — tt
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» Resonance (W’, Z’, o, giK)
» Vector-like Quark
» Vector Boson Scattering
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Resonance

(New Gauge Boson)



New Gauge Boson

» Extension to SM gauge symmetry group SU(3)c x SU(2)L x U(I)y
— U(I)’ : neutral (Z£’) gauge boson
— SU(2)’ : charged (W’) and neutral (Z£’) gauge bosons

» SM embedded within a larger gauge symmetry group: GUT-E6,SO(10), ...
— Charged (W’) and neutral (Z’) gauge bosons

Z Dilepton, (W’ Lepton+Neutrino
— » Light v
Dijet (q9) » Heavy Vv
DI]Et (bb, tt) Diboson (wz)

Top+]et (tb)
Dijet (qq)




ATLAS-CONF-2013-017

CMS PAS EXO-12-061

ATLAS 2°—I|l selection : 2 isolated leptons pr*") > 35(45) GeV

CMS Preliminary 8 TeV, ee (19.6 fb™), u*p(20.6 b
1 1 1 1 | | L] T 1 1 1 1 T Ll 1 1 ] | 1] T

%1065' il T2 o10% RS I I =
© 10°g T.S_Psxr;:ary’smv’wﬁ r J = N N e, median expected 1
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1E E
10°F ] 2 § ]
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8 10° CMS Preliminary, 8 TeV, 20.6 16" 3 m(ll) [GeV]
= —e— DATA =
51 S vz % » Drell-Yan BG estimated by POWHEG (NLO)
3 10 tf, tW, WW, WZ, ZZ,t=t  —= ]
- 0P [ jets (data) 5 » Total simulated background scaled to data at
10 2 Z-peak (60<M;<120 GeV) ,
1 - . o — /' + X =W+ X
. 1 » Limits seton R, = (P )
2 E olpp— Z+ X -+ X)
10 )
.o*E UM channel H” HHH , _ _
o TP R Zssm(-I BB TR : 2.96 TeV ©vs)
70 100 200 300 400 1000 2000

m(u*w) [GeV]
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http://cds.cern.ch/record/1519132?ln=en
http://cds.cern.ch/record/1519132?ln=en
http://cds.cern.ch/record/1519132?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-017/

ATLAS-CONF-2012-148

CMS PAS EXO-12-059

Smooth background fit to data

BB K S5 L Dijet mass bumpDIESR
» Quark substructure dN _ = pi (1 — x)p?

» Colored particles dx X p3p&in X | v — 1V
- Excited quark,W’/Z’; color-octet scalers

/; 10 % | | T TTT | T T | T T | T TT %
»  FET T T T [t T T T Tt T 8 1 C — ¢ Data _:
S ‘ ATLAS Prellmlnary . S F Fit 3
AT 10° -o-Data E 1w N Qcb MC =
E T Background E E:= 1072 i_ JES Uncertainty _i
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- [Ldi=13.01" 7 T 10% e W (1.9Tev) E
3| ] — _
107 E 10 E
102‘_ ] 105 & '\ A/C(36TeV) _ -
- | o . 10° é— _%
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- —T— 3 E (s=8TeV,L=19.6 1" 5
- — _8—In|<25 |An|<13 -
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S =
= 0 5
= & SE .
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CD P P L P P L P PR L L
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Reconstructed m, [GeV W’SSM(—’QQ)O)EE_FBE - 2 29 TeV (CMS)
Z’ssm(—qq)DE=TR : 1.68 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/
https://cds.cern.ch/record/1519066?ln=en
https://cds.cern.ch/record/1519066?ln=en

EPJC 72,2241 (2012)

CMS PAS EXO-12-060

CMS W’—lv selection

» | electron(muon) pt >100(45) GeV
) 0.4<PTIepton/ETmiss< | 5

» AD(lepton, ET™ss) > 0.8TT

CMS Preliminary fLdt=20fb" Vs=8TeV
> 7 LI I | I I I I | I I I I | I I I I | I I I I j
810 E W' — 1 v M=2500 GeV W—uv IQCD -
—10°F E
?)1 05 é__ W' 1y M=500 GeV Itt +single top|:|W—>w_éI
g‘lodﬂé— IDY—>uu IDY—>r1:_é|
3L -
|.|J1 O - IDiboson * data %
1 02 R3] ?E
10l syst uncer. —;.
1 UV channel
10
102 0 EELL
10° I
500 1000 1500 2000 2500
M, [GeV]
L BE =
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103 S O [ ] PDF uncertainty
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1
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» SMW—=Iv BG (PYTHIA+NLO QCD corr)
extended to high Mt using fit

» SMW - W’ interference considered
Wssm(=lv)DEEZTER : 3.35 TeV (CMS)
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http://cds.cern.ch/record/1522476?ln=en
http://cds.cern.ch/record/1522476?ln=en
http://cds.cern.ch/record/1522476?ln=en
http://link.springer.com/article/10.1140/epjc/s10052-012-2241-5
http://link.springer.com/article/10.1140/epjc/s10052-012-2241-5

WRr = IN (= [HIWr¥) CMS PAS EXO 12.027

Left-Right symmetric model TD >+ U A

» Wr — Heavy Neutrinogs#® Considered in ATLAS analysis :

» 7 L—/{= (non)mixing, Ne=N.(=N<) - Flavor mixing (ep), OS-only vs OS+SS
CMS WRr—IN—-IIWR" selection - |-jet selection for m(WRr)>»>m(N)

» 2 isolated SF leptons pt >60,40 GeV

>" [ ... With mixing, ee+uu+eu, Expected
. D g, ee+uu+eu, Expecte .
) 2 jets PT >40 GeV =, - === With mixing, ee+uu+eu, Observed .-~ 7
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https://cds.cern.ch/record/1460445?ln=en
https://cds.cern.ch/record/1460445?ln=en
https://cds.cern.ch/record/1460445?ln=en
http://link.springer.com/article/10.1140%252Fepjc%252Fs10052-012-2056-4
http://link.springer.com/article/10.1140%252Fepjc%252Fs10052-012-2056-4

W’ = WZ (_> qqq(I) CMS PAS EXO-12-024

CMS W-WZ—-qqqq Exploit jet substructure technique:
selection » Pruned jet mass : 70<Mje""ed< 100 GeV
» >2 C/A R=0.8 jets pt>30 GeV |» N-subjettiness : T21<0.5 (tight), 0.5-0.75 (medium)
} |Anj] < I -39 M”>89O GeV = T|ght dOUbIe'tag . Esigna|~ I 0'20%, Ebackground<o. I %’!
% 10"s e High Purity Double W/Z-tag data = CMS Preliminary, 19.8 fb”, /s = 8TeV
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> W(-WZ)OEETFR: 1.73 Tevcvs)  Resonance mass (TeV)
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https://cds.cern.ch/record/1563153?ln=en
https://cds.cern.ch/record/1563153?ln=en

ATLAS-CONF-2013-050

CMS PAS B2G-12-010

° . e -1 _
CMS W’—tb—Ivbb selection L Qs Dreliminary, 1960 at \s 28 TeV 5 300, —
» | lepton pt >50 GeV S T \.21505
> I > > - _ e
b =2 jets pr>120,40 GeV (= | b-tag) 055 12000=
CMS Prelimi : = i —1850~,
reliminary, 19.6 fb" at /s =8 TeV i E
§| LI | L | LI | L | LI | ! |_|._|D|at|a |||||||| § - B
4 :_ e+jets N > 1 / tt + Single-Top _: 0.6 - 1700
107 E b tags 0 Wb +Z/y*—~I'T + VWV 3
> E e W x20,m=1.8TeV I - | _1550
S 10tk L W0 mesTov S i -
o = - = W;x20,m=3.0TeV 0.4_ 1 _1400
) :_ ‘ - KXY Uncertainty ] — H
2 10 oty ch | 1250
@ olfl e G e channel 3 - €TH channe -
= | ey 0.2 1| —1100
g B e R -~ Invariant Mass Analysis i
= PRI < | 1 ? E - 1 1950
L] I T I KK «:!,.«»‘ gk -, K 95% CL Observed ju
! Mhee o SR 1 - K -
10'1 i: E:zis _ - ' = Ol— RTINS NN ST N ST WRN N [ ¥ ey _800
~ A e b Doy LR AR Ll e D 0 02 04 06 08 1
o e T al
g _g __ e el R - ' o » LH-only, RH-only, LR-mixed W’ samples
\6 |||||||||||||||||||||||||||||||

500 1000 1500 2000 2500 3000 3500 4000 » 0 - BR limits translated to M(WV’) limits in
M(tb) [GeV] 1R vs ab pl
plane

- Neutrino pz from VW-mass constraint g R 5
L ~ w1 a”i' 1 _I_ _|_
- Reconstruct top candidate from W and gl (147 )M
jet (close to miop) ai; (1 =~") W Hf; +

- Further criteria to improve S/B W’(—»tb)d)Eg'FIZE : 2.0 TeV (CMS)
pr'P>85GeV, pA>140GeV, 130<m™P<210 GeV |, for both RH and LH couplings


http://cds.cern.ch/record/1525924?ln=en
http://cds.cern.ch/record/1525924?ln=en
http://cds.cern.ch/record/1525924?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-050/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-050/

CMS PAS B2G-12-006

gKK — tt ATLAS-CONF-2013-052

tt resonance : prominent signature in bulk Randall-Sundrum scenario
- 8TeV tt resonance searches start probing KK mass scale > 2.0-2.5 TeV

8 I — T T T T | T T T T | T T T T | T T T T
Eg 10 %ATLAS Prellmlnary +Data ---5xZ' (1.5 TeV) %g _ﬁ_ (s =8TeV ——— Obs. 95% CL upper limit

7 .
~ 10" = f|_ dt = 14.2 fb I:ltt S x gKK (2-0 TeV) EE |f_;\ 103 det ~ 143 fb_1 EEEREE R Exp. 95% CL upper limit
{2 108 - B Multi-jets  [[JW-+ets - 1 Exp. 10 uncertainty
- - [ ]Other Backgrounds 8 > Exp. 2 o uncertainty
() 10 E e (@)) 102 .
> = ls=8TeV 3 ~ <. m==a- Kaluza-Klein gluon (LO)
L 10t 5 e e imi

= g 5 0 .. ATLAS Preliminary
10° E Tes
10° ;E :
10f- e

=1 A
(@) PSR A S S A . S
é 1.51 ' : (AR5 ;/ ”””UW
o g 57 ;::%ﬁ/
3 ! ///
= 0.5 e W///////////B/é
()] 2

10

tr;aco [TeV] 0.5 1 1.5 2 2.5

TeV
ATLAS gikk—tt—lvbqqgb selection Flo eSS LIS
» | lepton pt >25 GeV, ET™ss and MT" cuts gkK(—=tt) DEE=TPR : 2.54 TeV (CMS)

» Boosted : R=1.0 “trimmed” jet with = Entering into regime predicted from
mie >100 GeV, /d12 >40 GeV precision EW measurements
» Resolved : >4 R=0.4 jets
(>3 jots if min 60 GeV) Topcolor Z'(~tt) DEE TR : 2.10 TeV

» > | b-tagged R=0.4 jets 18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-052/
https://cds.cern.ch/record/1543467?ln=en
https://cds.cern.ch/record/1543467?ln=en

Run 1 Limits on W’/Z/gkk

Mass limits from 7/8 TeV LHC run

Zssm =~ e/l I 2.96 TeV
Zssv ~ TT 90 TeV
Zsm — qq I 68TeV
Z'ssm — bb R 68TeV
Leptophobic Topcolor Z' = tt G 2.10 TeV
W = ev/pv I 335 TeV
Wissu = qq I 229 TeV
Wssmen = WZ I 1.73 TeV
W(gr=1) — tq NG § g 0.43 TeV
W'k (LRSM) — tb ~2.0TeV
Wk (LRSM) = eN/UN I, . >2.5 TeV
Bulk RS g€ — tt I . 2.54 TeV

L1l | | L1l i | L1

10 1 3

B2LHSLTOHEET— R THYROKRIZE Mass [TeV]

~2 TeVETIZFETEL = Run 2T ETETITHZ?
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22>/ W—qqat 14 TeV I

1 —75 ;) Universal left-handed coupling t
)~ / ! 7. ~H ¢ Ping 1o
Lz~ 9z:2 (q’ﬁ q ) up and down quarks assumed

N i Sv/Naa Ve
V/BR(Z' — IT17) = — /BR(Z — [T]-) =
9z \/ (2" — ) (0(qq—>Z’)Igz,:1 AEL) gz \/ (2" — ) (a(ch—>Z’)|gZ,:1 AEL)
1 Dilepton LHC@7TeV  LHC@14TeV SLHC@33TeV | Dijet T —

E P 3
C s ]
L _aad , ]
o 7z
L v 7’ i
e s
______ 2 N i = 5
g — -
i min E
= - I
5 ~ — 4
L — - 4
- -

g7 X \/BR(Z' - ")
S

------ Exclusion with 5 fb~!

------ Exclusion with 5 fb™!

1

|

|

|

1

1

|

-~ |

Discovery reach with 300 fb™! - : — Discovery reach with 300 fb™! | -

| 1
1

2

1074 .

:-- - Discovery reach with 3 ab™! 102 - Discovery reach with 3 ab™! |
500 1000 2000 5000 10000 20000 500 1000 000 5000 10000 20000

My (GeV) My (GeV)

L’ ssm—ll W’ssm—qQ

2.2TeVE TEH (7TeV, 5fb ) 1. 7TeVE TEH] (7TeV, 5fb )

= ~5.5(7.0)TeVE THRE T = ~4.0(5.0)TeVZE THRE T

at 14TeV, 300 (3000) fb-! at 14TeV, 300 (3000) fb!

Snowmass CMS White Paper :
~5.2(6.3) TeV at 300(3000) fb-! 20
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gKK_}tt [ Z’—tt at 14 TeV ATLAS-PHYS-PUB-2013-003

Lepton+jetsF v > XkIL Full hadronicF+ > =xIL
» | lepton pt >25 GeV, Er™Mss >50 GeV » 2 C/A R=0.8 jets pt >750 GeV
» > | R=0.4 jet pt >25 GeV » Top-tag : Qw>70 GeV, mjec"™med>70 GeV

» > 1 R=1.0 jet pt>250 GeV, mje: >120 GeV » b-tag: € = 50(30)% at 0.75(1.5) TeV

e fmistag = 2.5(5)% at 0.75(1.5) TeV
Arféij;‘fi'ér;‘;”ary B E fmistag raised by 30(70)% for u=50(140)
Ldt=300010" | wijets 2

—
o
w

| |

u — 50 300 fb' @ 14 TeV pp

predicted cross section

7/ =
Z4TeVg 3
7 kk
7Sy =

m. [TeV]

Events / 400 GeV

median exclusion

S 10 uncertainty band

2 ¢ uncertainty band

95% CL limit on o [fb]

| J_LLlIJJl | Lllllill I .

gKK_ptt 1 2000 3000 4000 5000

m,. [GeV]

= ~4.3(6.7)TeVE TEANOIHE
at 14TeV, 300 (3000) fb-!
Soon to be updated for Snowmass...

Z—tt
= ~3.7(4.1)TeVE TR 4
at 14TeV, 300 (3000) fb-!
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Vector-like Quark



“Top Partner”

» Composite Higgst®2 (Higgs = pNG/RY ») TlE—R&BIICIRN %,
» VWY T REBEZHBEIT2DICER (- SMhy 7DFSZHER)
SMe v J XABEM1E

A= > ~ 1 I ~ |6
mZ, ~ (400 GeV) 0} if NP scale Auvy ~ GUT scale (10'® GeV)

“Fine tuning” (FEEIERMIREE) =& (15 (CIENAuy ~ TeVIIE

— “Top” partners with m ~ Ayy ~ TeV to cancel SM top contributions

= Fermionic top partner with vector coupling Cf.) Scaler top in SUSY
(left- and right-handed components have same EW quantum numbers)

\/Ko] Electric
Type Charge (Q)
T Singlet +2/3 Vector-like quark
B Singlet -1/3 » SMU A—7 (FICE=TH) &BES
TB) Doublet | (+2/3.-1/3) ) 22 T—Whb/Zt/Ht, BWt/Zb/Hblz B

» S4ERL (QCD) = model-independent
» BE—A4R0 (EW) = SVWEERETER
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(X,T) Doublet (+5/3,+2/3)
(B,Y) Doublet (-1/3,-4/3)




BRIRLEDEWIIIRRBDEWTHIN—TF S
Top partner(ES T+2/3)0)E)§i£t|$

Search Strategy

fe)
T
o
10 ] [ [ [ o
£
(&]
C
©
om

5 10°E
bé 10;—
_ 13 TeV : ol
i . m. [GeV]
10" |4(|)o| | |6(|JOI | IB(BOI | |1o|oo| 1200 1400 1600 1800 2000 .

Ta (5EY) ) L £ 55 DR
DERE R ERES TFS :;quu“;g bnphisieol
y IR CIEMRTE (@ QCDiES = T
y EEOD/bY A — U BIE - (55 VI T |3
——l = 3 A | l_ I N ]
EVWEESEBAOIRIIE—EREE T ||2Z “.:"”“""

Tij—:a - v - -*- e L
p IRAUKTE (@ EWHES ' kZtZ .WbWb“.
2 0" """ BR(T-=Wb) "~~~



, E .5 g_ -4 Data (Vs = 8.TeV) ATLA.f Prelimi_r:ary
t > ; ‘ b ATLAS-CONF-2013-060 RISttt on e
5 - Ui
g % ;_ 'II\'I(;)tZ;tITBG ncert Tight
ATLAS t’>Wb+X selection T ght
» | lepton pt >25 GeV =
2ok
b >4 jets pr>25 GeV (=1 b-tag) o
» Etmiss >20 GeV, Er™iss+M W >60 GeV 10%_
» High-pt hadronic-WV jet (merged or resolved) 5: ’ //// U
o 8 s
Require topology of boosted W-bosons 5 2 % i W
— | i g 1 ), 77
- Hr = ZPTlepton’jets-l-ETmlss >800 GeV 0 100 2(@)0 400 500 600 700/8;) 900 1000
- Two b-jet candidates pt >160, 80 GeV Meco [GeEV]
- AR(lepton,V) < 1.2 = Loose selection 8t :
|/|: E ===u===s 95% CL expected limit
- min( AR(Whad’ b_jet) ) > |.4 7 105 \:95%CLexpectedIimit +1o _
- min( AR(lepton, b-jet) ) > 1.4 g | e
-> Tight selection FoEYy, ™ 3
SU(2) singlet t’ (400-600 GeV) o' g :
me;vs= I o ;
~50% |5'20% 35'30% ;det —14.3fb" SU(2) singlet ]
Lo vy v b P v gy

300 400 500 600 700 800 900
25 m; [GeV]
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ATLAS Zb/Zt+X selection

» > | OS-SF pair leptons pt >25 GeV

» [Mi - Mz| <I5 GeV

» =2 jets pt>25 GeV (=2 b-tags)

» pr£ >150 GeV, Ht = > priet >600 GeV

Use Np.tag = 0 or | as control regions to
validate Z+jets background

» Normalization at pt4 <100 GeV at each Np.taq
» pr4 dependence at Np.xag = |

Invariant mass of Z + leading b-jet used
as discriminant

> Zb & Zt(—bW)DW 75 &R Al ge

SU(2) (B,Y) doublet (500-800 GeV)

0% 55-50% 45-50%
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Entries / 150 GeV

Data/bkg

12 ATLAS

Preliminary

10

f Ldt=14.3 1o zight ]

Z+bottom —

(s =8TeV g i

e~ B ]
Other bkg

| T T T | T T T | T T T
—&—— data 2012

BB (600 GeV) —
TT (600 GeV) ]

w0, Uncertainty
= 2 b-tags

4 | | pan 7
T %
%
2 : llllll
:illllll.
| "Ssangun
15 ,
’ % .1
OSA/% *7 ?/ 4 7
0 200 400 600 800 1000 1200 1400
m(Zb) [GeV]
102 E T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
- ATLAS Theory (approx. NNLO)
: Pre"minary -------- 95% CL expected limit
10 [ ] 95% CLexpected limit=10
- E 95% CL expected limit 26
= 95% CL observed limit
1 = —
10’ = E
2 ]
10°E s =8 TeV =
- -1
- f Ldt=14.3fb " SU(2) (B,Y) doublet
-3 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
10300~ 400 500 600 700 800 _ 900

Mg [GeV]
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b,/t’ With SS Dilepton ATLAS-CONF-2013-051

ATLAS b’ Wt, P2 Zt/Ht with SS dilepton selection

} 2 Same_Sign Ieptons PT >25 Gev | | 104 -_I ] I L LB I rrri I rrri I LI I L LB I | L I ] |_-
» =2 jets pt>25 GeV (=1 or =2 b-tag) — —e— Obs. 95% CL upper limit -
miss m - -------- Exp. 95% CL upper limit -
} ET >4O GeV @) _ Exp ;0 uncertainty i
. Xp. 2 ¢ uncertainty
> SF pair : M”> |5 Ge\/’ |Mll_MZ| >0 GeV - memmsm Heavy Quark Pair Production 1
» Hr = szlepton,jet >550-650 GeV - ATLAS Preliminary 7
. N\ [Ldi=1431", (s=8TeV
%) ZATILASIéreIimilnary ldet=|14.3 fbl'1 | o channel,\'s=8 TeV3 10 C ]
g 3 — b™>Wt 800GeV— 0 ]
S [ MM channel . - -
; 2_5__ ---- b->Wt GSOGeV__ = -
[= : . - -
L%) 2;_ -8 Data _; - AL i
N o-f- Fakes . e, R
1.5 — . . —] 5 T

15_ T+ Z/W(W) _E 10 E_ cete u + U '-i--;:i;;;j; . _E
- 1 . Wz/zz ] i channel oi : " :
05:_ /:A__ K '-":____ WeW _: ~HEEEEEE EEEEE EEEE El r ol | 'NE IR NN .

OE _*_ . ] 0.3 04 0.5 0.6 0.7 0.8 0.9

0 200 400 600 800 100012001400160018002000220

TeV
RICUIN <) (2) singlet b’ (500-650 Gev) [RGEEAE

» Charge misidentification, fake lepton
background estimated from data

» Real SS dilepton events (ttV, diboson) 42-45% | 31-29% | 27-26%
estimated from MC _ Limits also set for VLQ ¢’
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Top Partner : Summary

PRI P v

%\ 1 1 1 e ATLAS Preliminary
1\ I 0 m; = 350 GeV . / A m; = 400 GeV . m; = 450 GeV Status: Lepton-Photon 2013
. ”‘\‘ ,6/’ . v” , \)\{f}:;z /’.6/’ . ’ ’ ;,;ﬁfff;:/x 6/’ ( _ | _ . 1
|_ 0.6 QQ,) 0.6 %/7 0.6 s/) - 95%SCL esxpT :Z:I. f:t%"/j :Li:f excl.
. S : 4
E 0.4 it‘%‘.:::::’% %::\\ 04 %‘:“::?::Q?::;?’.’%\’ ia %“":“‘:%’%%‘i | — [ATLAS-CONF-2013-018]
m 9% b 4 [ ) % Same-Sign [ATLAS-CONF-2013-051]
] 2030008900, 920°0°0%0 Lo, 02 X RRIPIRIIERAX I K NN 02 B XSRS NN ) 2o [ATLAS-CONF-2013-056]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 * SU(2) (T,B) doub. ° SU(2) singlet
1% jjjﬁf~~jff}if;\:;\ mT — 500 GeV 1 5 //\\k mT - 550 Gev 1k mT Z 600 Gev 1 ' A mT Z 650 Gev
0.8 ‘i %, %6); 0.8 ’/'>/'~~~§"é,~ 0.8 08 Ofé/
N [ S ) /7 : [0
KRR L io,:.g «a;:"’ 1
PPN SUN
2
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Top partner : ~600 GeV X TIXIF(FE2TDBriEis =]
=» KDSVWEBEREEBTODRR (B—EK TOFETHEITEH)
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BR(B — Hb)

Bottom Partner : Summary
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Status: Lepton-Photon 2013

Ys=8TeV, fL dt=14.3fb"
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Same-Sign [ATLAS-CONF-2013-051]

D Zb/t+X [ATLAS-CONF-2013-056]
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Bottom partner : ~500 GeV X TIIF(FE2TDBrigis ¢EE4]
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VLQ at 14 TeV arXiv:1307.7135

14TeVTDTop partnerDH BRXE

» 8TeViEgthz IV /7T« — - BiEEL TAT =)
» 10(50)% systematics for tt(all other)/\w 27>V R
» SU(2) singlet : Wb/Zt/Ht = 50%/25%/25%

, CMS projection \s=14 TeV > 1 leptons
— 102 ¢
) — : —
2 E  Snowmass CMS O(I’p_t_ sz, atfo/Tf‘:)V
B - . sensitivity for
10 \White Paper — o(pp— TT) at 14 TeV
- --®- sensitivity for 300/fb
1 -m- sensitivity for 1000/fb
- --&- sensitivity for 3000/fb
107 o-...
- W, 0., :
- ‘..."::::::::l ...........
10 T e O
; ................... " :::::* -----
1 0-3 | | | | | | | | | | | -I | | | | | | |
600 800 1000 1200 1400 _
M, [GeV]

300(3000)fb- 1T, ~1.3(1.5)TeVETHRAIRE
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T()p Production

- cross section (total, differential) 4=
- associated production

5 & D & % D LE-O o o - asymmetries

- polarization l+
Ny TZDHDD -

spin correlation
- FCNC single top

I ==

IEUE:E)EE \l\o b - ... YV

+

Decay W

- Br(t—=Wb)/Br(t—Wq)
- W-illleliclijty s
- t—oH™+ ——————— E—— -

= FCNC decay = — - F?i’fﬁf
. W- t t - lifetime

- width

Property

ATLAS Preliminary 20 Dec 2012

Theory (approx. NNLO)
form, =172.5 GeV

— l Data 2011,\'s =7 TeV —— stat. uncertainty
—— total uncertainty b
q Channel & Lumi. 0,; =(stat) =(syst) =(lumi)
Single lepton  0.70 fb” ——— 179+ 4x 9= 7pb
Dilepton 0.70fo" et 173+ 6 )3 " 5pb
[ All hadronic 167+18=78+ 6pb
q 1.02 b
Combination o 177 3 * %= 7pb

Single lepton, b — Xyt s 165+ 217+ 3pb Q%EEENNLO
E’ﬁ ° Huﬁiﬁ ° 'I‘EE ‘:*gﬁ*ﬁgg :;Ze:zts | 1-67fb:: 194;18_:46_pb QCDE—-E&G)ttEﬁ‘E
b\ 5 @ -asn ‘j:i-d: \'\b\ ? ﬁ:lrk}sgkonic ‘ ' 168;12__*231_6 pb 9 _i \'\_;zéi

\
50 100 150 200 250 300 350
o, [pb]




Difterential Top

Measurement arXiv:1211.2220

CMS Preliminary, 12.1 fb'at (s = 8 TeV

—
(@)

5 CMS Preliminary, 12.1 fo'at Vs = 8 TeV

- e/u + Jets Combined

e Data
—— MadGraph

-== MC@NLO

---- POWHEG
------ Approx. NNLO

(arXiv:1205.3453)
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FCNC Top Decay " oo PR TOP.12.037

Ny 79 x—727 DFCNCERIRIC
TR D IKMED R NE WD ?

» SM = BR(t—=cV)=10"14
» 2HDM, MSSM, Top-color assisted 1 q=uorc

4.6x10" [ ~10° [2.0xI10®
1.0x10-'"* [ ~I107 | 2.0xI0¢| ~I10*
3.0x10°'> | ~10-3 10~ :

TCfdt t\\ » BR(t_’CV)=-I 08_1 0 X BRSM ? ;l I IlIIII | IIlIIII LI Illllll LI Illllll | ;Isl‘l;o CI.LI- I III%:

Z 101 ~\|  Reaions _

BIED IR oo ;
[ 0 -

» BR(t—>9Z) < 7x104 (CMS, 20 fb ') 102 i
» BR(t—cH) < 8.3x103 (ATLAS, 20 fb1) = ATLAS (2b) -
- CMS (4.6fb™ 1

. 10’3 = . . T (q:t};{:niy) =

3000 fb! (~500M tt—l+jets events!) — E ATLAS Simulaton | :
CTEZEP[EE7ZBRO T8 ol ; e
» BR(t—cy) ~ 105 QS B s ” o) 3
} BR(t%CZ) -~ 5X-I 0_5 10-5;_ i i—;_) (segtiabr?tial) _;
Snowmass ATLAS White Paper - i :I >ndisr.:ri3ﬁnant| |

(arXiv:1307.7292) 105 10 1073 1072 10"
BR(t— qy)
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Vector Boson Scattering



Diboson Production

LO diagrams for WW/W/Z/ZZ production

4 )
q Wiz ¢ Wiz q W/z
TGC
W/Z /v
q w/z 4 w/z 4 W/Z
. s-channel t-channel u-channel )

» SMAERGBIEDFREE
= v IR, BSMIBERDONY T T TTVR
» NLOETHE (MCFM with NLO PDF) & DLb#s

» 3T —IEE (TGC) I3 70—7
= TIVEBNSDFS - BE3IRT— VS (anomalous TGC)
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Diboson Measurement

WW selections WZ selections
» Opposite-sign high-pt isolated leptons » 3 high-pr isolated leptons
» Large ET™** (to suppress Z) » Opposite-sign leptons from Z
» Jet veto (to suppress tt) » 3rd lepton + ET™*s for W
» Large Et™ss and M1
N 400E  (lgt-46m’ C ww—iviv = 0 n Qwz i
~ - ] Drell-Yan = ~ 100~ Ozz _
£ 350 Vs =7TeV [ top-quark = 2 - BW/Z+y -
Q 300 - _+_ Bl \W+jets = 0>3 B %*jr -ijet i
L - 3 non-WW diboson = w80 :+J f CJZ+jet —
250 ;— —"+_—_J 4 [ZZZ7]] Ostatssyst _; B +I ’:* Bop i
200 | E 60 + 1 ATLAS Preliminary ]
150 e = W +[\E=8TeV,det=13fb‘1 n
100F +I+ E o l+tJ i :
50F- -:|=I | Lﬁ _____ ‘ E 20 L _+
056~ 100 150 200 250 800 30 | Eeg = B e :

m(IE™) (GeV] % 40 60 80 100 120 140 160
My (1,ET™*®) [GeV]

Process /s Omeas [pb] stat syst Reference

WW 7TV 519  $20 #39 20 447 *2] prDse7,112001 2013)
WZ 8Tev 203 08 *12 07 203 108 ATLAS-CONF2013-021
ZZ 8Tev 7. fgj £03 202 7.2 +823 ATLAS-CONF-2013-020
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Vector Boson Scattering (I)

Longitudinal VBS = EWSBt 7 ¥ —OEZIRE
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Vector Boson Scattering (II) . .os0614

Unitarity in VV scattering

» VLV scattering w/o a light SM Higgs — Unitarity violation at v/s=1.2 TeV

» Unitarity restored with a specific coupling toVV if only one resonance
%) SM Higgs

_ _ 5° t?

o(VV — VV), no Higgs

o(VV — VV) with my, = 120 GeV
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Vector Boson Scattering (I111) ..xos06414

» Unitarity also restored with a unique combination of couplings and
resonances that plays a role of “SM Higgs”

2
#l) Technicolor, 2HDM, ... §~g2 g2 <2Mv2v>
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VBS WZ — IVII at 14 TeV ATL-PHYS-PUB-2013-006

WZ-3-lepton channel T
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VBS W*W= = FyFy at 14 TeV s
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Same-sigh WW —2-lepton channel
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Resonance (W’, Z’, p, gKK)
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Vector-like Quark
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Vector Boson Scattering
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