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Outline

* Wednesday:

— Lecture |: Intro to top physics and its jargon.

* Thursday:
— Lecture 2: SM top physics and the top mass
* Friday:
— Lecture 3: SM and top physics, the portal to physics searches

* Measuring top properties

 Searches for physics beyond the standard model using tops
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Top quark and new physics

* Precise SM measurements

— Heaviest known elementary particle
(large Yukawa coupling)

* Constraints on Higgs mass

* Unique window on bare quarks due to Top pair production rate
short lifetime Tpp mass |
— Probe for QCD at scale >gauge bosons Single top production rate
: , B(t—Wb)
* A window to new physics V.|
b
— New physics - many models couple Wthelicity
preferentially to top Top polarization
— New particles may decay to top Anomalous couplings
— Non-standard couplings Spin correlations
Rare decays

* In many new physics scenarios (e.g.
SUSY) top is dominant BG

* Great tool to calibrate detector

Top width

— Jet energy scale, b-jet efficiency
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Properties of top pair production

_; CMS Preliminary, 12.1 fb'at ys =8 TeV
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SM production of ttbar+Z/photon/W
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Single top production

Single top in t-channel * Single top in tW-channel

q q

h e R .
First observation

w b 6.0 S.D. significance!

b t P
Cross section: 23.415.5 pb
g b g
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Single top in s-channel

q t
W+

* Tevatron legacy!?

 Cross section: 1.10%033 5 pb )
+ (A)NNLO: 1.06+0.04 pb | s-channel

* Significance: 3.7 S.D.!!! 2 [ DG 9.7 fb"'
s 1 SD
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WV helicity in top quark decay

* Helicity of W bosons very well-defined in standard model

* No hadronisation: coupling of top quark to W directly propagated
to angular distributions of leptons in ttbar events

1 d
EdcoZQ* _ % (1 —cos®6*) Fy+ g (1 —cos0*)® F, + g (14 cos6%)* Fg
AL N(cos@* > z) — N(cos0* < z2) z::i:(l—22/3)

B N(cos0* > z) + N(cos0* < z2)

* Sensitive variable: Angle between down-type fermion in W rest
frame and W momentum in top rest frame: cos(6*)

in SM (LO):

* Measurements determine fractions of longitudinally, Fo=0.6902
left, and right-handed W bosons F1=0.3089
Fr=0.0009
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Interpret in effective lagrangean

N (Pt HeRPr)t W, +hee.

Combination of ATLAS
and equivalent CMS

9 7 4 _ g ;0"
Ly = ——=b~y" (VL,P, + VRPr)t W, —
V2 8
&
(] L
“ 08 “E——
0-6:— LHC combination preliminary V=1,V _=0
[ \s=7TeV, L =35pb*-22fb"
0.4f- int [ 65 cL
0.2 [ Jos% cL
0 | * SM
0.2 —
_0-%:IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
04 03 -02 01 0 01 0.2
Re(g))

measurement used to
constrain anomalous
couplings at tVWb vertex

* Very consistent with SM
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Top asymmetries: forward-backward

TevatronA top top
anti-top anti-top
m / _

n

* New physics in production can alter angular

distributions 2. [T,
%;’: 2f—_tAi:fgigtsigg 0.020
A%B N(Ay > 0) — N(Ay < 0) 3| #::':_J'_
N(Ay > 0)+ N(Ay < 0) F o

with Ay = yr — yz
At Tevatron:

Rl

T

§ oz E——
= o[ —_—t
8. —
2.5 S.D. deviation from SM S —
Parton Level Ay
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AFB details

A, of the Top Quark

[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal)
] W. Hollik and D. Pagani, o
arXiv:1107.2606 (2011) (* preliminary)
CDF LJ —@—  0.158+ 0.074 (0072+0017)
(5317
CDF DIL* ®
0.420 + 0.158 (+0.150 = 0.050)
(5.1
CDF combined* —@— 0.201= 0.067 (+0.0650.018)
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- —e— CDF Data, 9.4 fb
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AFB deviations largest at
high m(ttbar)

No effect at the LHC!!!
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Asymmetry at the LHC!

0.1
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| 7 SM parameters do not constrain creativity

e SUSY in all it’s variations SUPERSTRIN G

- GMSB M-theory heterotic)
—  MSSM, CMSSM etc

*  New strong interactions?

& Grond s'uts)
Unification

— Technicolor; excited quarks; compositeness;
new ‘“contact”’ interactions

*  Exotica:
—  Weird stuff: leptoquarks?
— New “forces™?
— New resonances (W-Z-like)

— More generations?
Fourth generation (b’/t’)

— Gravity descending at the TeV scale?

— New resonances; missing stuff; black holes;
SUSY-like signatures [Universal Extra
dimensions]

. SUSY-inspired exotica:
— Long-lived massive (new) particles?
*  Some true inspirations: “hidden valleys”?

THOUGHT OF

src: H.Murayama
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Little Hierarchy problem, Naturalness
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Little Hierarchy problem, Naturalness
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Little Hierarchy problem, Naturalness
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Little Hierarchy problem, Naturalness

If fine tuning <=10%:
Restrictions:

/\quarks o 2 TeV

N ~< 5 TeV

gauge

18
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Little Hierarchy problem, Naturalness
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Supersymmetry - in top sector?

Solves hierarchy problem, P SRR
GUT convergence and can >
40¢ ST
add CP violation g S
10bs5s
* Dark Matter candidates T
02 4 6 10 12 14 16 18
available Loa @105

 Naturalness motivations can
be interpreted to favor light
stop

— ttbar+MET, ttbar+X+MET
signatures

¥ Vrije Universiteit Brusse! l
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Example stop search in |+jets+MET

— T T T
ATLAS Preliminary e— Data 2012

‘ -1 S

\s=8TeV, | Ldt=20.7fb &StandardModel(SM)

Preselection :| i

ATLAS-CONF-2013-037

Events / 10 GeV

°l e requires detailed understanding of

top quark pair production at high
missing ET

s F — Analysis works in many signal regions,
] ~ . :
g 1%&?@?73;—#3?—}}1—T looking in boxes constrained by number
: N
0.510:_0 150 200 250 300 350 +460+ 454;#50 of b-tags, transverse mass, MET’ etc
EF™* [GeV] e . .
> — Sensitivity for stop depends on scenario
o ' Ariaspreiminay . 4 . .
A i § 3 considered, each region has strengths/
- N2 X Standard Model (SM) §
‘% 10° _..S.l.q..ltlm‘=5oo,mxo=200[eev1 i ; Weaknesses
& F e m;= 600, m =50 [GeV] B § o
102 E — Strong limits on stop mass
10 e+l channel _; . . .
One sienal = * Can exclude direct stop production with
ne slghd | - SR masses lower than 600 GeV (with some
region ‘°“ B
g caveats on neutralino mass, etc)
S |

G060 250 300 350 400 450 500 550 600 650
ET"° [GeV]

y Vrije Universiteit Brussel
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Little Hierarchy problem, Naturalness
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* analogue to single top s-
channel production

* Leptonic top decay:
— Final state of lepton+MET+2 b
jets
e Mass reconstruction also
used in SM top physics, using
WV boson mass to constrain

MET

— With additional top mass
constraint

y Vrije Universiteit Brussel ‘

[ tf + Single-Top

bt ) Wby + Z 1T+ VY
W', x20, m=18 TeV
W', x20, m=20 TeV
W'; x20, m=25 TeV
W', x20, m=30 TeV

BEE Uncentainty

Events / 50 GeV
3

—
=

o(Data-MC)
U
N ON
TTT I TJTT T 1
£ 5
; @
= i
' z = s
H o g ¥
'.'.
=
' 1
o 1
ot =
= e A
FE B
= LT
- R R +
~ x x
|..‘ E: L E: k: + -
1l 1 1l 1 _‘
+
Ll

500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]

Interpret in left and
right handed W’
scenarios

src: B2G-12-010 PAS
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Investigating ttbar invariant mass distribution

 Differential cross sections now

available for 8 TeV sub-set

 Searches in tails of distributions
ongoing for 8 TeV full sample

CMS Preliminary, 12.1 fo'at s = 8 TeV

':1 F I T T T | T T T | T T l T T I T T T I T T T
> [ e/u + Jets Combined ¢ Data
8 102k — MadGraph |
= 3 -== MC@NLO 3
3 £ ---- POWHEG ]
<10 103% -
107 7 E
10-6 | | 11 1 | 11 1 | 11 | | I I 1 1 I 11 |
400 600 800 1000 1200 1400 1600

src: TOP-12-027 PAS
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mt [GeV]

* /’ scenarios interwoven with
natural EXO solutions and A;-
explaining models

c M

ttbar

Freya Blekman (IIHE-VUB)

distribution sensitive to
many new physics scenarios
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Top resonaces physics motivation

A Weakly coupled

G | bare constituents! * Many new physics models predict extra
” e exchange of massive particles in top quark
’ production

— Would be observed in a peaked or general
excess/dip in the top-antitop invariant mass

Higher dimensional SPeCtrum

operators . .
— Substantial number of theoretical models

Resonances?

— 2, colorons, axigluons, Randall-Sundrum/ADD
gravitons, Pseudo-scalar Higgs to ttbar

Point-like SM particles

\4 ‘ e And many more
ot * Searches presented can be interpreted
VaVaAVo in any of these

— For general comparison,“Topcolor-assisted
technicolor” model: hep-ph/991.1288: Hill, Parke, Harris

¥ Vrije Universiteit Brussel
25
O Freya Blekman (IIHE-VUB)



analysis strategy

* Searches in all available top decay
channels
— Dileptons  tt — //*vvbb
— Semileptonic = lepton+jets tt — (vqgbb

proton

— Hadronic= alliets  tt — qqqgbb
* And in different regimes

— Close to 2x(top mass) threshold
 Sensitive to shape of SM M(ttbar) distribution
« Conventional top physics techniques may be
used
— More boosted
* Sensitive to more massive M(ttbar) BSM physics

* Dedicated reconstruction techniques may be
necessary

¥ Vrije Universiteit Brussel
] Freya Blekman (IIHE-VUB)
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All hadronic, boosted, 8 TeV

* Using boosted objects and jet
pruning to identify substructuressmmsssmuen
S 18001 -
. ® 4600 mA™ = 84.3+ 0.3 GeV/c®
FU” merged tOPOIOgy 31 400E . mM® = 83.7:0.2GeV/c®
* Cambridge-Aachen jets £ . E
> - ol .
‘ . ) L 800 0 W+Jets —
— 'top jets oo e U SED
. 400 . ,  _nIe 3
— ‘W boson jets’ J.: & o E
0772725760 80 100 120 140 160 180 200
Type 1+ Type 1 Type 1+ Type 2 Hadronic W Jet Mass (GeV/c?)
W candidate
Top candidates /
‘, 4‘ D)‘ i ]Top candidate
b candidate
src: CMS-B2G-12-005
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All hadronic, boosted, 8 TeV

* Using boosted objects and jet
pruning to identify substructure

CMS Preliminary, Vs = 8 TeV, 19.6 b’

— Full merged topology > or E
O 120F -
. . o E
* Cambridge-Aachen jets = 100; -
"UE) 80: e Data =
¢ o ] ) C
— tOP ]EtS o e0f M =
C .W+Jets
. 40 -
— ‘W boson jets’ . Hzeets _
20 []single Top N
Type 1 + Type 1 Type 1 + Type 2 O ~"700 200 800 400 500 600
Top Candidate Jet Mass (GeV/c?)
Top candidates /
‘b 4‘ KD ] Top candidate
b candidate
src: CMS-B2G-12-005
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All hadronic, boosted, 8 TeV

* LLH fit to bumps in mass

S Pectru I I I u Sed to Set R CMS I?rellimi'nall'y, @:la TeV, 1?.6|fb-1' —_—
[\ -
. . Q 1000 __ 4 —e— Data
I IMIES % - [ Non-Top Multijet
O g0t _, N s it
o L ——— 1TeV RS KK gluon
© - —— 2TeV RS KK gluon
E’ 600 - X ——— 3 TeV RS KK gluon
= L
q) f—
> R R
w400 —
200 :_ .....
L oo, e
gOO 1000 1500 _2000 2500 3000
tt Invariant Mass (GeV/c?)
3 T T T 2
2 | 15
2 E d—lj;la Wﬁ ! 0
g’ 0 E '+T | 4 | | 0'
] =
Z E M T ?5
2 15
3E : : : : 2
500 1000 1500 2000 2500 3000

src: CMS-B2G-12-005
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29



All hadronic, boosted, 8 TeV

e |LH ﬁt to bumps iIN Mass . SC'V'.S'?'E'.""i."a{V’?STeY"?-S.‘b". S —

)

I I § 105_ —°—D(a)':1a_o ultijet
spectrum used to set limits | g o Top
3 —— 17TeV RS KK gluon

+ Narrow (1.2%) Z'limit. M(Z?) > 1.7 TeV = By, — 2TV RSk ghon
» Wide (10%) Z’ limit: M(Z’) > 2.35 TeV5

10

* RS Kaluza-Klein gravitons: M(KKG) > 1.8 TeV

IIIIIII T IIHIII] T IIIIIIII

500 1000 1500 2000 2500 3000

e 95% CL upper limits on tf Invariant Mass (GeV/c?)
increased cross section at high
Mass.
Onprsm < 1.79 Og for masses above
| TeV
src: CMS-B2G-12-005
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Semileptonic, threshold

 Require only one lepton, >= 4 jets and 2500 | oMSpeimnay 1
o e 2 | w24 jois, 2 b tags
split in b-tag multiplicity 00} .
& 3005 .
« x? sorting used to select best jet combination : :
200 .
 Using data-driven estimates for falling 100 ]
distribution of top pair mass spectrum above R s

2 ) QOO 1000 1500 2000
500 GeV/c M , (GeV), muons
3 SR

. . . R - e, =4 jets, = 2 b-tags
 Systematic uncertainties take into Z 10°F
account rate and shape changes for 2

. 10°F =
signal and background model : '
10 E

src: CMS PAS B2G-12-006 ) ei(')(')'é(')(')'1'010'0'1'2'0'0'1'4'ob'1'éob'1'8'0'o'2£oo
M . (GeV), electrons
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Semileptonic, boosted

. >0 Foo T L N B
° Resolved tO OIO ies CR ATLAS PreI|m|nary - Data [+
P g E e J‘ Ltz 143 5" W Mutti-jets [JW+iets
— use standard lepton+jets selection t owp [ [JOtmer Backgrounds -
Is=8Te
; > 10t .
(lepton, MET, 4 jets, b-tag) it 123 crpos
— with x? sorting 102 .
: %
— and constraints from top and W boson 1?
mass (including pT balance of tops) 2 15F p—
S i %Wé%//// 7
8 0 05 1 15 2 25 3 35
. mze [TeV]
* Boosted topologies
> 108 T T T LI B B
. . _ . o) ATLAS Prellmlnary - Data (u
— uses wide jet (r=1) as top candidate g e Wruiies  weers
* With selection on substructure to optimise £ 10 [Jother Backgrounds
o s=8Te
for top quarks o 10 ‘”;;stvd
. . > ooste
— other side ‘normal’ ak5 jet, lepton, 1100 / sz
missing ET 1 s
2 15 E ----- T T
W
src: ATLAS-CONF-2013-052 § 05 f% 25///// ///; ’
mieee [TeV]
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Semile

CMS Preliminary, 19.6 fb", Vs = 8 TeV

% 10° & N Wiy
— B . i
> - B others
c - — Z'1.0 TeV/c? (1%)
[0 102 DOe, Z' 2.0 TeV/c? (1%)
> - Dm0 ... Z' 3.0 TeV/c? (1%)
- Uncertainty
B —e— CMS Data 2012
10 e e+jets, Nb_tag >1
e
10-1 i E.i | ]
0 1000 2000 3000 4000 5000
M [GeV/c’]
fe)) 2
-
2 151
"g 1~ ’““..‘+++ r's
o ¢ +
0.5 +
% 7000 2000 3000 4000 5000

src: CMS PAS B2G-12-006
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Upper Limit c,. x B [pb]

ptonic, non-i

solated

Multiple scenarios considered

— Worlds best limit on production of resonant
ttbar:

2

.o:l_'I'IT| 1 IlIIIII| I II|III|| | IIIIIIII I |IIII|T| LIl

—
o

CMS,L=19.6fb™, (s =8 TeV

Z’ (width 1.2%): m > 2.10TeV
Z’ (width 10%): m > 2.68 TeV
KK gluons: m > 2.69 TeV

Resonances in low-mass region:

excluded with xsec > |-2 pb!!

Z' with 10% Decay Width

— Expected (95% CL)
Observed (95% CL)
— = Z'10.0% width

[ |Expected+ 1 sd.
[ ] Expected + 2 s.d.

-
Sea
~

-
Son
3
--------
..........
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Vector like quarks intro

* Non- SM fourth generation
— Can enhance CP violation

— Heavy neutrino as DM candidate

* Vector-like fermions (non-
chiral fermions):
— Typical: exotic 4™ generation
top/bottom partner
* 2HDM models
* Little Higgs models

* Warped extra dimensions

— Not excluded by Higgs mass
constraints/branching ratios

¥ Vrije Universiteit Brusse l

Models benchmark for new
physics decaying top-like:
— Extremely rich phenomenology

with final states with multiple
gauge bosons, b and t quarks:

q.q
Z H W~

— Current searches mostly pair
production

Freya Blekman (IIHE-VUB)
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Little Hierarchy problem, Naturalness
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Vector-

like quark partn

CMS preliminary

Vs=8 TeV

ers

« CMS: |,2,3 lepton channels combined g10°
— |-lepton top quark partner analysis Emj
includes tagging of hadronic W bosons 123

* ATLAS: 4 separate channels including Z+b, 102
multileptons and T to bW |-lepton+jets with 10
high b jet multiplicity (incl W tagging) 101

e+>3 jets/>1 W-jet

> F .
© C -¢-Data (\s =8 TeV) ATLAS Preliminary| —-
2 45—‘. T 600) Chiral det =1431fp™ E 100" ATLAS Preliminary e+ 26 jets, > 4 b-tags
o - - Ldt=143fb" —o—
2 b TT (600) Singlet . = (oo,
- C I:I g — tt+$ ht jets
% F LI B B T Izl‘at;2012I: ﬂ C o 80 C tt+HF jets
g eo:_ ':TIFA'S JLdt=14.3 fo! N zenight _: CICJ 35 - |:| Non-tt § ::l ttH
L reliminail Z+bottom | — H
o . Vet e ] > = [ Total BG uncert. w gt
> 50— Serhr omeroig LU - 60 == DTkJJoson
k] C BB (600 GeV) _| 30 - tl ht @ Single top
,E. 77/ T T T (600 Gev) | C g Em Multijet
S 40— 2000, uncentainy - C =3 Tot bkg unc.
C 1b-tag ] 25 __
30— = E
r ] 20—
20— - C
g 1 151
10—~ — -
- : 10
g - =
g - 7 //// S
800 1000 1200 ~ 1400

nl
0

m(Zb) [GeV]

100 200 300 400 500 600 700 800 900 1000

¢ data
[ other backgrounds

[ K

uncertainty
== TT 800 GeV (x100)

mreco [GeV]
CMS PAS B2G-12-015

y Vrije Universiteit Brussel ‘

ATLAS-CONF-2013-060/018/051/056
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_____ Vector-like quark partner

CMS preliminary Vs=8TeV 19.6 fb™

BR(bW) e CMS and ATLAS set limits in

1 Q .
A 3 same space — presentation
800 &
< .
2 different but same message
)
— 750
"t e ATLAS also sets limit on
=
| ~
oz bottom partners
—650 :f; 0‘; 2 " m,; = 350 GeV 0; A;, . m; =400 GeV Ov; \\:1‘\;\‘% ., m; =450 GeV ;%E:i:n%?{%li%%
L_, 06 % 06 %” 06 2 %° -t 95%CLexp.exch = 95% CL obs. excl.
& o N o4 AN B AN D oo
—GOO 0.2 <><§!>\ 0.2 50 N 02 Zbi+X  [ATLAS-CONF-2013-056]
% 2 0.4 6 ox; Do& o;ﬁ: 0.4 06 0.8 T % 2 0.4 06 oal T % . s conmaorec
1 1 ‘ i : ' - - - 1 - - ’ M SU(@2)(T.B)doub. @ SU(2)singlet
BR(tZ) BR(tH) 08 \:::\\I:\&’b/o o = 300 Ge¥ 08 ::E:Ef:iifiiﬁ'b/a M = 950 GeV 08
For full LHC 8 TeV dataset - " B
typical 95% CL exclusion for
masses are 650-800 GeV,
depending on the decay channel T
1 0 02 04 06 08 1 0 BE(TO; \/BVGb) 08

CMS PAS B2G-12-015
N Vil et s ATLAS-CONF-2013-060/018/051

R Freya Blekman (IHE-VUB)
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search multi-lept

ons

- E o ‘2efu+>1t ATLAS Preliminary  —e— 2012 Data 4 oSS ooommosmsssmsmsssmses
7 -8 TeV [ 1 Reducible
S wh " [latemont  EEVY * Full ATLAS 8 TeV dataset
~ . CH+V(V) . .
210 i Syst. Une. examined in 3-lepton final states
(0]
>10° .
. — On- and off-Z boson regions
102
— Maximally one hadronic tau
— Several kinematic variables
examined
— split by number of b tagged jets
; . .
U U W No excess above SM predictions
m. [GeV]
ATLAS Preliminary 1s=8TeV _{Ldt =203 b
Limits on fourth z _'__’___~____l - 3 3
E =
eneration, doubl 3 v
: pdoubly Y T e T s
charged Higgs (including ¢ - .
Higgs triplets), various ‘ + 4 -‘ -_—‘33
c N
exotic neutrino models ¢ 33
2H$"‘°"i [Ge\:l] Mmp'j*’ [G:V] ;-lag; zmef,;eev; me‘f [;QV]Q ;meﬂz[GeV]g 2 E}'“ [C;eV] 3 3 I;;"S'”[C;eV] 2
Inclusive ET>100 GeV ~ m¥>100 GeV H®>150 GeV H®<150 GeV
y Vrije Universiteit Brussel ATLAS CON F-201 3-070 38
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Baryon Number Conservation

* Baryon number conserved in Standard Model

— Small violation possible from non-perturbative effects

* Supersymmetry, Grand Unified Theories and
black-hole physics naturally allow Baryon Number
violation (BNYV).

— stringent limits from precision measurements in
nucleon, tau, HF mesons and Z bosons

— Top decay (small BR) of type t to ubc not excluded

g Vrije Universiteit Brussel
39
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Search for BNV in tops

* ldea: should be visible as
subtle increase of top

: : 13 T G S
events in leptontjets withs, . =
very low missing 2 o f i
transverse energy Dooe i

* Experimentally extremely °*f |
challenging regime R
0.02.:
— Lepton T ey |
. 0O 20 40 60 80 100 120 140 160 180 200
— 5 jets ET® [GeV]
— No MET src: CMS PAS B2G-12-023

Vrije Universiteit Brussel
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Search for BNV tops

x10
% 45 :I TT T T T 8 T
) - CMS Prellmlnary > CMS Prellmlnary
LA fLa=196 fb”, \s =8 TeV —#— Data E g f Ldt=19.6b™, (s =8 TeV —4— Data ]
i2] - - > 25 - ]
€ gL » channel B 1 . i L u channel B 1 . T
g Oor Bl W +jets m W +jets
I - Z +jets . Z +jets J
3 oS [ Single top — 20 [ single top —
C [ Dibosons 7 [ Dibosons ]
25 . v 3 I iV
n I acp . 15 I acp b
’ - CESSSERe Signal (BR = 0. 005) ----- Signal (BR = 0.005) |
1.5F
1F
0.5F
00 20 40 60 80 100 120 140 160 180 200 00 20 40 60 80 100 120 140 160 180 200
E? S [GeV] i

* Construct chi2 requirement on hadronic top system and
make tight cut on chi2 (<20) and MET (<20) Constrain low
MET, low chi2 region from bulk

* Fit to BR and selection efficiency instead of event counts
g P CMS PAS B2G-12-023

R Freya Blekman (IHE-VUB)
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Search for BNV tops

%’ 4.5 >:(I1IOI | T 11T | T 1T | T 11T | T 1T T 1T UL T 1T 1T 1T E 8 30 XI1I0I | 1T | TTT | T TT | TTT | TTT | TTT TTT TTT TTT I_
O] - CMS Preliminary ] > CMS Preliminary ]
u\‘: A (Lat=1es fb”, /s = 8 Tev —#— Data E g o5 Ldt=19.6fb", (s =8 TeV —¢— Data N
g 3.5 - wchannel B 1 = i u channel B ) -
g "~ B W + jets e Bl W +jets ]
L - Z +jets E Z + jets _
3 . I Single top 3 20 B Single top .
C I Dibosons 7 I Dibosons i
250 = ttv - = ttv 1
C Qacb ] Qcb ]
0 - DS SEee Signal (BR = 0.005) ] L] [ Signal (BR = 0.005) |
151 = 10 ]
1 ]
0.5F
0O 20 40 60 80 100 120 140 160 180 200 O0 20 40 60 80 100 120 140 160 180 200
E™* [GeV] e
NT — (NB NE ) 1 « e;(BR) n 1 « e/w(BR) ~NT
exp — obs — “Vbck B B bck
P 1 _|_ UtWGtW(BR) GtB%(BR) 1 _|_ Uttet{(BR) €B (BR)

CMS PAS B2G-12-023
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for BNV tops

o
3
> 1.6xI1I0II|IIII|IIII|IIIIIIIIIIIIIIIIIIII
> L
(O] _  CMS Preliminary
To) L . ]
~ 1.41 det=19.6fb1,V§=8TeV —+— DATA
= - B tt+jets
qc) L echannel B Wiiets - o
Lﬁ Z+jets -
[ Single Top
I ttv _
I Dibosons Y
Il QcD .
----- Signal (BR = 0.005)_]
[ | Systematic unc.
(]
IIIl|IIII|lIII|IIlI_.
25 30 35 40
E?'SS[GeV]
(]
¥ Vrije Universiteit Brusse l

Modeling of QCD multijet
background derived in Z+jets

events
Fit to efficiencies and BR

Even in challenging e+jets
channel decent data-MC
agreement

Limits on in u (e) channels:
BF<0.016 (0.017)

First limit ever on BNV in top
sector!
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End of lecture three — questions?




MSSM vs SUSY

Dirac
gauginos

CMSSM

Freya Blekman (IIHE-VUB) -



Lepton Forward-Backward Asymmetry

&
By
3

DN

NERS/,
>
01320

7 v
2N

e Al measurement requires full reconstruction of £ system.
—— POWHEG -4 ¢+)ets Data —— Fit Aay,)

e Alternative method basedonyof , wh
. Uncertainties: [] +1o(stat. +sys.) B +1o(stat.)
lepton from leptonic W decay. ol EEF T ol o

AL N(qeye > 0) — N(qeye < 0)
Fo N(qeye > 0) + N(qeye < 0)

o AL, ~ 0.5 A% if not polarization.

-4 CDF Note 10975

e Can also use events with jets out
of acceptance (3-jet bin).

0.8 1.0 12

040 02 0.4 06
[aY,]

YTy Forant ackard Lopton Ay
DO: AL . = 0.047 & 0.023(stat) 79011 (syst) Pieis bt Production Level
§jets, ~2 b tags
e CDF result approximately 20 Y ajets, bty
above SM prediction. & .4'jots, 22 btags

e DO measurement consistent with W()H_f_" sy
L eesomamd)
T 2

-10 0

SM (and CDF) within errors.
DO note 6394-CONF

P 20 EPSHEP 2013, STOCKHOLM, JuLy 22,2013

SARA STRANDBERG, STOCKHOLM UNIVERSITY
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Top Forward-Backward and Charge Asymmetries

e New physics in fop sector can alter angular distributions.

e Study forward-backward and charge asymmetries.

. - N(Ay>0) — N(Ay <0)  Tevatronh top LHC A top
FB ™ N(Ay > 0) 4+ N(Ay < 0) anti-top anti-top
with Ay =yt — y¢

iz N(Aly| >0) — N(Aly| <0)

c =
N(Aly| > 0) + N(Aly| < 0) > >
with Aly| = |ye| — [z " L
— 2 Fems 7 7 7 L
g, [~ CoFData 9.4 b7 = [oms . Data ] & [T T
e F—teedaton 15000117 " % oa s 0.0 I T ATLAS Preliminary
8 X2 A =0.066%0.020 D el [singletop | E Axigluon m=300 Gev  V5=7TeV E
5 g [ EW-iets 0.15— Axigluon m=7000 GeV fL dt= 4.7 fb"
15 L i o ]
I [ Bzsets | F E
+ 100001 [Muttiet 0'15 ]
0.5 E— 0'05} T T {
c a L . . L . . . 5000— — o~ 1 E
02 r r ]
T e : & ;
2-04 }_+_+ - E ]
0-0.6 |— | | | | | | | 0 ) | N AN ARV AFAVAVAVN ATAVAVAS) SOOI A AR
[ R v S m— 05 1 15 -4 - 4 0 100 200 300 400 500 600 700 800 900
Parton-Level Ay Alyl m; [GeV]
Phys. Rev. D 87 092002 (2013) Phys. Lett. B 717, 129 (2012) ATLAS-CONF-2013-078

e Tevatron A%, measurements in tension with SM at ~ 2.5¢.
e LHC A% measurements consistent with SM.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P19 EPSHEP 2013, STOCKHOLM, JuLy 22, 2013
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