Top quarks and
search for New Phy
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~+» SUSY and 4" generation
< Boosted topology
“* Same sign
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e Introduction (discovery, object ID) will use c=1

* Top pair production at the Tevatron
» Top pair production at LHC

* Properties, mass
« Spin correlation, charge asymmetry, etc.

* Single top production
 Flavor Changing Neutral Currents (FCNC)

- V,,, Search for top partners and 4" generation quarks
« Search for ttbar resonances, same-sign, boosted tops

today
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Interesting physics with Top quark

. it b

v,q
PRODUCTION PROPERTIES DECAY
Cross section Mass Branching ratios
Resonances X—tt Kinematics Charged Higgs (non-SM)
Fourth generation t' Charge Anomalous couplings
Spin-correlations Lifetime and width Rare decays
New physics (SUSY) W helicity CKM matrix elements

Flavour physics (FCNC) Spin Calibration sample @LHC
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Top decays

top decay t—Wb, but really 100%7?

Indirect measurement using the CKM matrix:

e Elements |V | and |V, | measured to be very
small from decay of B mesons

 Unitarity and only three generations implies |V,,|
is 0.998 @ 90% CL

With top quark samples we can measure it directly as “R”:

BR(t —Wb) v,

R - 2 2 2
BR(t —Wq) ‘th‘ + |V ""th‘

where q={d,s, b}

Use the ability to identify jets with a distinguished secondary vertex: b-tagging
* The number of b-tagged jets depends strongly on R and b-tagging efficiency g,

We classify the ttbar sample based on the number of b-tagged jets
* The relative rates of events with 0/1/2 b-tags is very sensitive to R
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s BR(t—=>Wb)~100% ?

BREIZWO) v, p2 0.9980<R<0.9984
BR(t—Wq) (9=b,s,d)
* measure R by comparing the number of ttbar events with 0, 1 and 2 b-tags

« SM: R=1 constrained by CKM unitarity. R<1 could indicate new physics (e.g. 4th
generation hep/ph-0607115)

* Inthe SM, R=

Measure R simultaneously with ttbar cross section:

Oppsez(pb) | 74+£1.1 |
R o000 | RN
| Vib| 0.95 £0.05
R 7 = 114335 pb
wt R=0.90+0.04 (stat+syst) D0 5.4 fb

Veo|=0.95+0.02 (stat+syse)| o & diepton

VvV q Ve|>0.88 @99.7% C.L.  |PRL107, 121802 (2011)

Not yet sensitive to SM
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Measure of V,,

« Measurement with the single top production final state
« direct measure of |Vtb|
* sensitive to non-SM phenomena (W', FCNC)

U
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Measure R in dilepton channel

» Probe heavy flavor content of ttbar events . Selection: CMS TOP-11-029
» Use ttbar dilepton final state — 2leptons+ =2 jets + MET
Ad t — no b-tagging in preselection
« Advantages: _
— |eSS background R = BR(t — Wb) ® Clean Slgnature

BR(t — Wgq) + Goals:

— measure g(b) and R

Disadvantages:

— lower statistics
— jet assignment

04 CNS pralrvrany \'a=7 TaV ' 1=22m’ ﬂ 4000 T I T T T ] T T T ] T 1 T T 1! T T
$“ [ bitag jet muliplicity E K ouspoimnay o7 TovfLazen’
& q>> 3500 —— =0 b-tags — —=1b-tags ]
. L =2 b-tags ——=8btags
3000 ]
102 2500:— ——
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2000F N ]
10F 2% apart - Probability to ]
F = =Zy+ets |l 1500‘_ .
e - observe n b-ta ]
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1 o R 1ooo}afunCt|0n -
% T T T T T 500p ]
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li-tag multiplicity (TéHEL; R = B(t—=Whb)/B(t—=Wq)
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How to model the background

1 reconstructed
Events are classified in 3 cases (weight a): b-jet (a,)

1) 2 correctly assigned b-jet
2) 1 corr. ass. b-jet
3) 0 corr. ass. b-jet

¥ 9-jet

0 oS
Rop

My ~ \/mf — m2, = 156 GeV/c?

R o e e A Lty st "

e S Rg-jet bojet
- 00f- . random rotation x
fouf ::z"mems 1 Compute invariant mass of all lepton-jet pairs
L 1 assignments 1 Model background using:

isof . o | e anassigmens | — jets from different events

100} o f— 1 — rotate lepton direction

sof \\. bkg-dominated {  Background dominates at M>M._,

0(; 50106150 200250 300350 400" 480 500

Mlepton.jet (GeVI c2)
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Signal or background?

CMS TOP-11-029

lllll

Data-driven determination of background " OMS preliminary, f6=7 TeV, f L0215
E wrong assign. lcorrect

=
g
- Reconstruct lepton-jet invariant mass S gsof Mo Bessin —omamoss womoset  aua
°.
g

— Correct assignment

— Wrong assignment

N
o
o

Ll
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Data/Expected
1

L1 l
03
Invariant Mass [(ISeV/cz]

» Use tail to model background in signal region
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Lepton-jet pairs/A M

Data/Expected

Signal or background

CMS TOP-11-029

Scale shape to match spectrum observed with M;>180 GeV

— @@ wrong assign.
— I +backgrounds

III,[lII|II|l]||||||||||||||||||

- CMS preliminary,

T T T

Vs=7 Tev,j

correct
assign.

L=2.2 f

b-1

— data model — MC model #-data

|l[[[

III[I[IIIlIII]IIIII|IIII|IIII|IIII|
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Lepton-jet pairs/A M

after background
subtraction

—
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Heavy flavor content

CMS TOP-11-029

 Fully data-driven measurement
— b-tagging multiplicity parametrized as function of R ¢, ¢,, top contribution
— Number of reconstructed t—=Wq is estimated from lepton-jet invariant mass

* R=0.9810.04 (stat.® syst.)
— Lower boundary with confidence interval @95%CL after requiring R<1 = R>0.85

1
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Measure R

CMS TOP-11-029
* Variation of the likelihood used to measure R from data
« Fit different categories
Ao54_‘III|IIIIIIIIIlIlIIlIIII]'III_L I|IIT1IIIYI'IlllllllllllIlllYlll
= | CMS preliminary 2 e nu (3jets) . ]
— C -1 1 2000F .
S F fs=7 TeV,I L=221fb f ]
3 4k R=0.98+0.04 ok : — L
;——combined —ee g
af ek L o nisjer)
r /7
it s
-\ ; / e (2 jets)
C \ ’ / . _—
2— \ / -
- / .
— —] ee (3 jets)
5 . [ rs )
19 =
- - ee (2 jets)
8E |||l|||||||§ ' ETETET A AR A o e Loy o b a |
85 09 0095 1 105 1.1 115 08 09 1 1.1 12 13 14
R=B(t—Wb)/B(t—Wq) R=B(t— Wb)/B(t—> Wq
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Summary of R results

Illlllllllllllllllllllllll

04 06 038 1 1.2 14 16 1.8
R=B(t— Wb)/B(t— Wq)

1l: 0.98:&,0: CMS preliminary (2012)

-0.07

lj: 0.95°""
D@ PRL 107, 121802 (2011)

1: 0.86, )2

lj: 0.97°"Y D@ PRL 100, 192003 (2008)

-0.08

lji: 1.03°"" D@ PLB 639, 616 (2006)

-0.17

lj: 1.02::"2’4‘
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: 1417,

lj+1 0.943’-2-‘4' CDF PRL 86, 3233 (2001)

Y 95% CL
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b-tagging efficiency

CMS BTV-11-003

« Can determine b-tag efficiency and/or R CMS preliminary o ——218fblatNe=T TeV
* b-tagging efficiency measured Mente Carlo Truth
— (assume R=1)
 absolute b-tagging efficiency measured 2 04f
from data and predicted from simulation 5 E

* Ratio of data/simulation Lo e A ;
 Total (stat.+syst.) uncertainties '
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ttbar resonances
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How else is top produced?

For single top:

Standard Model LHC Single Top Production see A. Onofre,

Lecture #7

March 19, 2012

64.57T599 11 ?; 4634007791 pb  15.74 £ 0.407119 pb
Kidonakis,N. Kidonakis, N. Kidonakis, N.
PRD83:091503,2011 PRD81:054028,2010 PRD82:054018,2010
t Resonance Production?
X Top Color-Assisted Technicolor
OR
t P77
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Top quark pair resonance

No resonance expected in SM 0

Why is Top so heavy? N\
— new physics? |
— is third generation ‘special’?
— couples predominantly to third
generation quarks

Top is relatively unknown
experimentall
P y \

Experimental check A De
— search for a bump in the invariant jfj@”@ V-%e,u
o

mass spectrum

"4
_;“I/ Ul"
[
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Search for resonances

L CMS simulation
8 250 b
. . _ S _ L=t0opk
« Semi-leptonic (muon+jets) channel 3 [ = = .. z.ﬁmcea
y . . 7 - Z'(1000 G
« / —ttbar cross section normalized g c00H L. 00 ... z':1sooc;:3
to SM ttbar Y | - Z{2000 GoV)
- B Z+jets
 Progressive loss in reconstruction 150f —lete
oy . . semi muonic tt
ability due to jet merging non semi muonic

100

| l'--:r.-‘_ | 1 J‘-.'l"L
1500 2000 2500
m,. (GeV/c?)

0™ 500 1000
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probability density/20 GeV

o, BEZ'> 1) [pb]

Search for resonance X—ttbar

Look at the M., spectrum in the lepton+jets final state, to see any deviation over SM

wiramguze___CDF L=4.8 fb _ DOL=53fo!
[ RS S 102 DO, 5.3 fb' [ ]M,=950 GeVv
- Vrietsand EWK mkgm""ds., § = g/2+jets
B - vreoms g 10 [ multijets
L

P T S BT
200 400

PR IS S
600 500 1000 1200 600 800 1000 _ 1200
m.[GeVic?l m,. [GeV]

CDF Il Preliminary 4.8/fb = I ;
2 \ " [_] 95% CL interval g" DG, 5.3 fb’
18f \ [ 68% CL interval o 1E
e \ — — leptophobic Z' -
:: \ -------- expected limit
0 ; \ —— observed limit 107 :__ Topcolor Z°
ook - — 95% C.L. observed
04k - == 95% C.L. expected
i . : : : ; | 10”260 600 800 1000 1200
400 600 300 1000 1200 143?1{ [Ge\//:;zs]oo resonance mass [GeV]
A topcolor leptophobic Z’ — ttbar is excluded at 95%CL with:
M,. < 900 GeV/c? M,. < 835 GeV/c?
PRD 84, 072004 (2011) arXiv:1111.1271 , PRD
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Search for heavy resonances

search for narrow heavy resonances decaying to top quark pairs
Use muon+jet final state

Look for narrowly collimated decay products

Reconstruct ttbar invariant mass

+ Set limits on Z' production cross section o (pp — Z' — tt)

L =1.14/fb _ —
© - CMS preliminary BB QCDti 10° L=1.14fb! CMS preliminary, vs =7 TeV
% 400:_\]§ =T7TeV - W—*) v - ;5_ I I medianI expected IimitI
et a50, %z =1Pb 2yt T = — observed limit (95% C.L.)
= 5 . S'c':‘[g)le'T?B = — central 1o expected limit
- 3002_ !‘z), M_";: t:;/e;z T —— central 20 expected limit
o i —— CI’VIS_datg 2011 N 10t - - Topcolor Z', 3.0% width, Harris et al. |{
:‘ 250:_ T - - Topcolor 7', 1.2% width, Harris et al.
= - 2
= C
® 2001 °
: c CMS EXO-11-055
C o 0
1501 = 100¢ 1
: E
100} -
50: 10-1 -
1 | i 1 1
500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
M,; [GeV/c?] M, [GeV/c’]
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Search for heavy resonances

search for massive neutral bosons decaying via a ttbar quark pair
Use lepton+jet final state (electron and muon)

Reconstruct M, ., in different categories (e/u, n-jets, n b-tags)
Model background

Set limits: leptophobic topcolor Z' with width much less than the
detector resolution excluded for masses below 1.3 TeV

CMS TOP-11-009

o T —— D102l g T I IR LR R
§ 1600F-CMS Preliminary —e— Data E £ 5f|\7ﬁfsbﬁre“\jrﬂ"la;y_r v
© - 4.7 o at\s =7 TeV = € oron = o [47fatNs=7Te
g 1400 = 4 jets, = 1 b-tag B Z/+*—1'T ((+ light jets) —] 0 |02 ‘_ —e— CLs Observed (95% CL) )
u;: 1200 % 32?5’& - E, - —— CLs Expected (95% CL) E
- — [ W—lv (+ light jets) 7] - .
a:, 1000 = — QICD E c)g( L + 1o Expected
a3 8001 — ; (1)._7r:VTeV E w10 3 " = 20 Expected E
— Z2'1.25 TeV . _E f —=— Topcolor Z' (I''m,=1.2%) 1
600— = £ - 2
400} 3 =S
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Search for ttbar+jet resonance

» Search for a heavy new particle M produced in association with a top quark:

* Resonance in the system t+jets ot ttbar+jets
» Select events in lepton+jets channel with at least 5 jets and 1 b-tag

Events/bin

(data-bg)/bg

CDF 87 fb_1 CDF Run II Preliminary

= Resonance (0.1 pb): _+_ Data 8.7 fb”!
- —— 300 GeV/c? . TOp
i S SR 500 GeV/c?
107 e 800Gevie [ Wriets
- aty . Other Bkg.
- *y
10 =
11— D | e
u ||
1E —
0 m= .@zﬁfzﬁf'W/{
B SN . < 77/
100 200 300 400 500 600 700 800 900 1000

m, [GeV/c?]

[pb]

95% C.L. Cross-Section Limit

p — Mt — tqt

CDF Run II Preliminary

i j Ldt=8.7 fb"

— Observed limit

SIETENRY Expected
- +/- 1o
|:| +/- 20

Singlet (gL,gR) =(0,1)
Triplet (g g )=(0.1)

I|III|IIII|IIII|IIII
400 500 600 700 800

Resonance Mass [GeV/c?]

II|III
300
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SUSY and 4t generation
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Cross section measurements

CMS Preiminary,\s=7 TeV
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Charged Higgs

CMS HIG-11-019

This study focuses on the mass range 100 < H' < 160GeV/c?, where we may observe an
anomalous excess of events in the 7 dilepton channel when compared to the SM decay of

tt - WTW~bb — Tv,lvbb, | = e, p.

If top decays: t -H*b (my < m-m,)
b
q

o]

Implies a larger measured cross section (see MG, Lecture #6)

=>probe non-standard physics (t—H*b, ...)
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Scalar top quark

« SUSY is one plausible extension of the SM

* due to the heavy top quark, mass splitting between t,andt, canbe
large, such that the lighter stop t ; can be even lighter than the top quark

» Decays dictated by mass spectrum of other SUSY particles

* Light stop:

(8 i ’6%666\—<—| i )2(1)
& - X7 ——4 I.e. similar signature as in ttbar
Ty~ N N
< |
3999 > q t Vg

mg, Smy tp — b+ )2:1}: — b+)2(1)+1/+£

* Heavy stop:

t — tx°
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SUSY': search for scalar top

it >ttx'x" tH—=bby'y —=bbWW x°x°

_  Nopp — 77, +X) [pbl|
* Status: o L arxiv:1006.4771 _
— Final state: both dileptons and 1lepton+MET e |
+2jets+2b jets 10-"
— limitations due to small xsec, large ttbar |
background s LYZ =TTV
. 100 200 300 IllI”,".lN.l(t;:l‘”\)“.—llll SO0 900 1000
—e— data . o
CMS Preliminary |
50 Vs =7TeV,[Ldt=1.0fb’ gzlggletop - 2-body i
e/u~-channel B W+jets - t
[t - hadrons ] ’,E'
i 4 -
-ti—»1'+]ets - ~
(] T2bw 250/50 0.75] e
] L XS
Hooberman et ar\ example signal: abod 1
I stop(250) = b x* oy
1 m(x°) =50 GeV b .

POO 120140160 180200220 240 260 280 30!

x = 0.75 v /S, T
&f . ig
yh
M; (GeV)
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One example: dilepton sample

Define signal region: look for possible contributions of NP in dilepton sample
 Astrophysical evidence for dark matter suggests it may lie in high MET region

* New physics signals should have large sqrt(s)

* New physics with large cross section should be produced strongly (i.e. large

hadronic activity) S 500§ 7

E " i
00k A7
250} "« *
200f Speg, o5

...
150} -~

2.

o
& o:o ° ® cms Preliminary

. \s=7TeV, fLdt=0.98 b
Events with ee/un/eu =

|
0 500

| | .
1000 1500 20

C

H; [GeV
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Stop quark: lepton+jets

* Investigate same signature in the context of a vector-like
top partner, decaying to top plus dark matter candidate
— search for new particle T' decaying via T'—t + X (X invisible)

— interpret results in terms of a model where T' are exotic fourth
generation quarks and X are dark matter particles

» Kinematics similar to SUSY stop scenario
« Study lepton+jets+MET+btag

q

CDF Phys.Rev.Lett.106 191801
1

I | |

TT-tXX

Ll L LIl

m,=300 GeV/e?, m =80 GeV/c*

Events/bin

......... m,=330 GeV/c*, m =80 GeV/c?
e M =360 GeV/c?, m =1 GeV/c?

.ti
QCD

. Wjets

Z+jets

lllll

m = mr(E}, Br) = \/21E5|| Br|(1 - cos(AS(EY., Ex))).

Diboson
Single top

-e-Data

» set 95% CL limits on T'T'—tt+X production
« Exclude 4t generation exotic quarks T ' (95% CL) °
up to m; =360 GeV for my <100 GeV

50 100 150 200 250 300
m}[GeV/e)
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Stop quark: all-hadronic

« signature in the context of a vector-like top
partner, decaying to top plus dark matter
candidate

« Kinematics similar to SUSY t—ty? scenario
» Signature: MET+jets

PRD 81 072003
PRL 104 141801

CDF — Data

o
~
o

True MET: ZZ—vvQqq QCD: mis-measured jet
g JI1

events/bin
[e=]
=N

0351 = (M, m,) = (330,40) GeV/c’

03 === (m_,m,)=(380,1) GeVic?
0.25
0.2

0.15

0.1

J2 0.05

e ' Lol I T ——
15 2 25 3 35 4

o
p.—
op
-

8.,
| | | AOP )
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Scalar top quark

CDF 1.9-2.7fb"

 Similar event signature as ttbar dilepton final state
Reconstructed DIL Top Mass

* Reconstruct events under stop hypothesis

« Stop mass as discriminating variable in fit to data
— Use two categories: with b-tag and without b-tags
— Results consistent with SM predictions

» Set 95%CL limit in dilepton BR, in 3D space of

8 Top
- Stop

Arbitrary Units

S U SY pa rt|C|e masses ~ - 0 80 100 120 /1\4;1{01:: (1\'8?‘/20(0\'2 220 240 260
tl’ Xl ’ Xl Top ( 1€ / 7 )
Observed 95% CL
-Tagged Channel os - CDF Run Il Preliminary (2.7 fb™)
S 25 :— Ml_ 138.3 GeV/cz CDF Run II Prenminary (2716 - data (12 7Y I—: - ‘_4,,i—»—""_’_"i—“_~_f_:__V_‘_‘“‘——-f________ m(i:)ﬂ 05.8 GeV/c?
& [ NL =105.8 GeV/c? . go" BR(y — X V=100 S BR{,—~% b)=1
% - M_=76.2 GeV/c? - Stop (DILBR =0.50) | E N 1
20 ] 75—
§ | B 7op M=1725 Gevic) 8 BR2( -7 v1)=0.50
w N n ~ 1 1
B i s 70
15— * Z+HeavyFlavor  — 8 :
- ) - > 65—
L «  Z+ Light Flavor = - BRZ(”’ 0 I) 0.25
- | £ - X, AV =Y. \
10: - Dibosons 1 60 7 ! !
: - : ssf CDF/PUB/TOP/ UBLIC/9439
5 ] - —t o
- + | : sof- BRY(Y, =%, v)=0.11
ot 1 | ] ask: ///“227
150 200 250 300 350 120 130 140 150 160 170 180
Reconstructed Stop Mass (GeV/c?) m(f) GeV/c?
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« Assume each stop decays to tau and b (R-parity violation)

t1t1—7 77 bb
Similar final state as in ttbar dilepton with taus
Look for e/u+ 22 jets + MET

Define 6 regions in: m(,MET) vs N, plane
Find 2 evts in signal region (2.2 expected)

—)t —'IDIJl'bt]

aq

<’%<

FERMILAB-PUB-08-045-E
CDF: PRL 101 (2008) 071802

L THm=150 GeVic' )

8 &
T 'hﬂ'_T_'_Lgl

CDF Run |, LEP (from 3rd Gen LeptoQuark Search)

Number of evtents
(> bt ) [pb]

-
L5
T

) x Br?

+1o bac kyrmmn’,\-:

~T~

oc(pp—-tt,

-k

NLo(pp_)~t=) Bf(tI—)UC)—1DO°/o

95% C L. observed upper limit:

theorellcal uncertamtles mcluded
{ i - not mcluded

¥ —~—
- : :
: - i : -
: ~ ~— : -
: il ~ :

- ——
~ —

—~—

-
-------
i i - ———

- -
) - -

NumBef of jets

T10 120 130 140 150 160 170
GeV/c?

Michele Gallinaro - "Top quark and search for New Physics" - MarC 26, 2012 33



Search for Dark Matter with taus

- search concentrates on heavy BSM particle production CMS SUS-11-007

— astrophysical evidence for dark matter points to the existence of weakly-interacting
massive particles (WIMPs) at EWSB scale

— These particles escape detection = large MET

* Not constrained to a specific theory
— general BSM search in events with jets, MET, and OS dileptons (at least one tau)
— er, ut,, T, Ty, final states

CMS preliminary

>
50— AT ®
s | % 7 ﬁ: candidate ovents G [ L.-osem’fe=rrev  [@Z-m
O, 300F / ] High ET"* region o 107
n i x/ "4 High H region -
TN 3
G250} % 995 Z
i ‘ o ®
200k & // % % LI>J 10
: OO ) :
s "o . 0.0-. ;}{ N
150f [ Seagtt LK :
[ o ) 1
100} ° R CMS Prellmlnary 3
- \s=7TeV ) ]
50;_ L|m =0.98 fb _; 10'
i PO W SN (N W ST VN (Y N WY T SN WY U SN (Y NN SN NN NN U :
00 200 400 600 800 1000 1200 100 150 200 250 300 350 400 450 500
H, [GeV] ET™" [GeV]
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4th generation searches

Search for 4" generation quarks
« T (ort’)and B (or b’)
 Pair production or single production

 Mechanism and cross section depend on nature of quarks
(vector-like, scalar, charge)

Final state is complex
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Search for heavy quarks

ATLAS arX|v 1202. 3389

- Search for heavy quark (gq=u,d,c,s,b): 3 o [ ATLAS 3
—_ + . g E t .Z/'y —ee DZ/Y - U E
QQ — WTgWq e B
3 20F [ 1 [Jmy=350Gev 3
R o /] BG Uncertainty @ Data (\'s=7TeV) T
b USe d||ept0n Channel 15:_ allc}:annelljs v V_:
C 350 GeV signal selection ]
— Select events with 2 leptons, MET, 22 jets 10E ’ t E
 Reconstruct “top” mass 5E :
« Use W collinear approximation for i e 0
neutrinos Moo [GEV]
- Set limits: My>350 GeV @95% CL R
L ATLAS  inatioucenany
g — gss::eixmtted Limit
ICT; 10 Eié‘é E
&
o
X
©

300 320 340 360 380 400 420 440 460 480 500
m, [GeV]
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Search for b’ production

CMS EXO-11-036

* Final state with top-like signature

b'b! — tW-tW+t — bWTW-bW-W+

%1035 * data )M, 500 Gev/c® 3
GO Wl 0 t1+W(2)
o i W/Z/VV/Single Top ]
Q10* E CMS L=4.9b"at Vs =7 Tev 3
=~ [ Events with same-charge dilepton ]
g A
o 10E
> 3
w L
1E
107'E

500 1000

% E e data (M, 500 Gev/c® 3
0] It 0 tt+W(2)
0102_WIZNV/SIngIeTop |
Q' F cMS Las ' atVE=7Tev
~ L Events with trilepton 1
2 I : ]
€ 10k ER)
o F I 3
@ oot 1S 4
o
1k 10
5 ]
| L
18
1 &, 1
- 10
500 1000 1500
S; [GeV]
102

17

observed limit
EE = expected limit 1o
F T .. ==== theory prediction .
[ M, <609 GeV/c’ is excluded at 95% CL 1
| R R IR
450 500 550 600 650

M, [GeV/c?]
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« Study lepton+jets (at least 1 b-tag)

« Reconstruct t’' mass

[1/GeV]

dN/dm, ..,

Data-Bkg

Evts/bin

Heavy t': lepton+jets

« Search for the pair production of a 4" generation up-type t' quark

— Largest background is from ttbar t,t, _) WbWb

— kinematic fit is performed by minimizing the x?2

CMS Preliminary \s =7 TeV u+jets

=L BN B P S L L LA B B > K - -
160F ArXiv-1202.3076 i 3 100l IS EXO-11-099 «  Data 46 pb"
140 [ 1T (400 GeV) - - n I ¢

: %t\}v " - _ L [ Singlet

- Eziggletop . a | m( _) - M ] Z+jets
10F =i g [ o8) =t qZ) V| m QD

- = - mleEve) =m = ife | Tt 't'
80 :_ ATLAS _: ﬁ 600 -_ qq fit x20 t't' 550 GeV
60 ILdt: 1047 -
oE o= 7TV E 4001~ M;,: free parameter
20 E i optimized in the fit

- E 200
50F _

0 N .

-0 100 200 300 400 500 600 700 800

100 150 200 250 300 350 400 450 500 550

Myeeo [GeV] M, [GeV]

M,>404 GeV M,>560 GeV
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Heavy t': lepton+jets

2000 CMS preliminary {s=7TeV, 46 ' 5000 CMS simulation Vs =7 TeV

% u+jets 2 u+jets
» f [
91500'~ 1500}
= = |
= i = [
1000} 1000}
S00¢ E Data - tt production
200 400 600 800 1000 200 400 600 800 1000
M, [GeV] Mg, [GeV]
—2000CMS simulation  {s=7TeV o000 i i =
Z : u+jets z [ u+jets
: f [
91sool Z.1500}-
- [ [ i
= B - = [
1000} e - 1000}
500; Wijets 500 t't' 550 GeV
200 400 600 800 1000 200 400 600 800 1000
M., [GeV] M, [GeV]
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Heavy t': dileptons

« Search for heavy t' quark in dilepton final state
't — BWTOW ™ — blTv bl v
* use variables related to the quark mass to distinguish signal from bkg
— M,,,<156 GeV; Signal region with M>170 GeV
— use lepton-jet invariant mass M;; = \/ m; — mijy = 156 GeV/ o
— lepton-jet pair with minimal AR

lllll I L l LB l L I L I LB LI
) - ] -11- +
&-sSOO L L B B B b= CMS Preliminary o ous ] EXO 11 050 update
RS, i o Q o'k 47fb’at \s=7Tev 4 5 r ‘ ' - - ]
% - _ CMS Simulation w E  Events with ee/uulen . 4 (dileptonic) 12 CMS Preliminary 4.7 fb™ at \'s=7 Tev |
5 T (A < 2 — | NNLO Th
(D 400— — (M“-350 GeV/c ) ] ~ Dmherbackgrounds T |,; 10 sesnes 95% CL, Zzgyected Limits |
‘;‘ i C—H ] 10°E -4 1 = —— 95% CL, Observed Limits |
8 L 4 E Dt‘t_'. M, =450 GeV/c® 1 o CL,z 1o
= ] & mmcL =2
= 300~ ] 2 12 e
9 L 10 Signal Region ?
g i E
< 200 n
7 L 10 3
g | ]
@ 100F . ] 10'E ‘ . . .
o i = 350 400 450 500 550 600
g : 1 M, (GeV/c?)
i L ; l. ’A l" 'l 1 1 l 1 L ' L [ 1 1 1 1 i T
- ] l 1 Iml Ll
Reconstructed M, . (GeV/c?) MTn (GeV/c?)

=observed (expected) 95% C.L. lower bounds on t'mass 557 (547) GeV
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Boosted topology
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Boosted topology

* In many models there is high potential to discover new physics in the
top sector in search for heavy resonances

pp — X — tt

* Simple approach to merge neighboring jets

Pro’ron
hlgh pT hlgh pT
Jets \ ‘4_ ‘_,. , Jets
Merged Jet
Pro’ron Mass je} - MtOP

* At LHC energy, EWK scale particles produced beyond threshold
* Jets are highly collimated
* Jet-parton matching breaks down

* Decay products and FSR collected in a fat jet
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Jet/Event selection

» Locate hadronic energy deposit in
detector by choosing initial jet finding —
algorithm @ @ o° '\

* Impose jet selection cuts on fat jet \v '

— Recombine jet constituents with new (I) ° N
algorithm

@
— Filtering: recombine n sub-jets min d(i,j)
— Trimming: recombine sub-jets with min p; 0 @

« Minimum distance between jets is R

0/
/

\ |o

UE, ISR, Pile-up, hard interaction

R
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Boosted top topology

* Highly boosted top: three Top jet
hadronic decays of the top are
merged in one top jet

* Moderately boosted top: three
hadronic decays of the top are
merged in one W jet plus and
one b jet candidates
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Boosted top topology

- CMS EXO-11-006
Tested using hadronic top in semilep. tt events:  «, 1sopar s P A = e

S
* One high-pT isolated muon from PV. 3 140 3T = 83.0= 0.7 GeV/c?
* At least two jets p>30 GeV with a leading jet g:z‘; mie = 825 0.3 Gevic?
pr>200 GeV and at least one b-tagged jet 5 s e
* Events with W tagged jets used to reconstruct - " eo En;:ﬁsm ;
W and the top mass of the hadronic side 40 . et
20
0

0 20 40 60 80 100 120 140 160 180 200
m(W-jet) (GeV/c?)

CMS.L=46fb"at\Ns=7TeV

LN (L AL B B R B B B

10

b

0 100 200 300 400 500 600
m(W+b) (GeV/c?)
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Search for Z': boosted topology

« Search for massive Z' resonance

« Search in the all hadronic decay channel for top quarks
» Top quarks are boosted for high mass Z’, jets merge
 Start from jet algorithm, then find jet sub-structure

« QCD background estimated from data (mistag method)

Jet3:
pt 47.8 GeVie,
b-tag discriminant 4'2

/.' V

Jet 2: Jet Pruning

pt 484.3 GeVic,

mass = 66.8 GeVic2
Jat2 + 3 - Mass = 167

Jet 1 : Top Tagging

pt 589.1 GeVic,

3 subjets,

mass = 186.7 GeVic2,
minMass = 87 2 GeV/c2
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Efficiency/Mis-tag probability

CMS EXO-11-006

CMS Simulation, \s=7TeV CMS, L=4.6 fb-1’ Vs=7TeV

NS =L L L L L LI S B L BN B B T T 3
S 007 by e Z'— tiMC - = = -——— =
% = - % N .
S 0.06 [ ] Non-top multijet MC 3 S v ’
mn - 3 fad -1 | —
- - 10 -3 3

= 0.05| q4 o - | 3
> 0.05 : : : ~..,+++_+_ | s
5 0.04F = [ -
S - : 2| * =
O 002F = f - MC Signal Efficiency
= E « Mistag Probability 1

0.01 - . : 10° E -

- POl BT BT BT B = et L X T P PP | S S SN S S [N TN TN T [T TN T S ST SR TN ST ST S ST ST S S ST SN S S

00 50 100 150 200 250 300 350 400 400 600 800 1000 1200 1400 1600 1800 2000

m(top jet) (GeV/c?) Jetp (GeVrc)
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Search for Z': boosted topology

CMS EXO-11-006 CMS, L =46 16", 5 =7 TeV Type 1+1

,,,,,,,,,,,,, T MALIMMM M B LR B
*  Observed
Non-top multijet
-ttslmulatipn
----- Z(1Tev/c') o =1.0 pb
------- Z(15TeV/c)o 0.18 pb
Z(2TeV/c)o 0.06 pb -
- TORIIE Z(3 TeV/c’) 0 =0.03 pb

—_
o
]

» Massive Z' resonances
—produce highly Lorentz-boosted top quarks
—collimated decay products partially/fully merged
into single jets
« Two categories of events |
— 1+1 channel comprises di-jet events in which S
each jet corresponds to a fully merged top é
candidate e
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
— 1+2 channel comprises tri-jet events, with a tt mass (GeVi/c?)

. . . _ -1 _ o
Type-1 top-quark candidate in one hemisphere, 1p QUS L4060 ot V5= 7Tov _ 10% Widt Assumplion

Events / 100 GeV/c®
o)

......

Ll llllllI

——
.

I
l lllllll

Data - Predicted
Predicted
A ON S

) serve % 3

and at least two jets in the other, one being a jet = _ :pecte:((::;:g i
from a b quark no b-tag is applied) and the other X 10E + 1 5.d. Expected E

a merged jet froma W é W = 2s.d. Expected :

. . . ; . . = 1 O—y, ., Z', 10.0% width, Harris et a I—E
Set upper limits on Z' production: ~1pb 5 | -
S 10'E :

10-21 — 1.15 — é — 2l5 S ‘ 3

tt Invariant Mass (TeV/c?)
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%ATLAS

EXPERIMENT

Run Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST

Leptonic top | |

canddalagg) | |

-

SR [N I—

Hadronit ‘topT

candidete | ||
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Same sign and multi-top
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Same sign dileptons

» search for anomalous production of events with two like-sign
isolated leptons (e or u), b-quark jets, and missing energy

« SM sources with two isolated like-sign leptons, jets, and missing
energy are rare. Anomalous production of such events would be
an indication of new physics

« SUSY models predict presence of 2 to 4 b-quark jets in such
events

« fraction of strongly produced SUSY events with top and bottom
quarks in the final states is enhanced
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Same sign top production

* FCNC in top sector could explain Agg at Tevatron
» t-channel exchange of Z' coupling to u and t
» Would manifest as same-sign top pair production

u
u
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Same sign top production

CDF Run Il Preliminary L = 8.7 fb!

 Measurements of forward-backward

. ) <E E —— |+Jets Data
asymmetry Ay in ttbar production at the 06 Ofgf (:s.edi lj’>.0)><10*‘ /
. . . - t rtainti
Tevatron inconsistent (?) with SM osf (Correlated Uncertainties) Z

— NLO (?gE?IBEW) tt /
« A increases with invariant mass of ttbar ~ esf ™ p

system 03 _ | /

— at high (>450 GeV) invariant mass: Az=0.30£0.07 ,,E

* Many attempts to explain A.g invoke e

400 450 500 550 600 650 700 750

FCNC mediated by massive Z' boson Parton Level M, (GeV/c?)

« /' exchange would create a high inv. mass
asymmetry at the Tevatron

= Search for same sign tops in data
— Berger et al. (arXiv:1101.5625)
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Same sign events

CMS Preliminary, \s =7 TeV, L =47fb

CMS SUS-11-020 |

CMS EXO-11-065, SUS-11-020

- Similar event selection as in ttbar, except >2 b tags ::e E
same-sign leptons o ® wt -

* Use sum of jet p; (Hy) and MET
e 7 events are selected in the data

 All main backgrounds data-driven
— Background dominated by jets faking leptons

— ttbar lepton+jets with one fake lepton 00 400 S0 e
— Mis-measured charge in dilepton (DY/ttbar) ; CMS Preliminary, (s =7 TeV, L_ = 4.7 fo”

« Set exclusion limits il

 This FCNC Z’ production limit inconsistent o
with Tevatron FB asymmetry 3 J

 provide constraints on several models in a 2'2 / /
topology with 2 like-sign leptons, MET, b-jets & <
— like-sign top quarks production in Z' model 1 S o consistontwit A, Bergor ot al, 3
— production of two sbottom quarks 05¢ %7 Comoied Observed imi 11 3

0%500 400 600 800 1000 1200 1400 1600 1800 2000

m(Z') GeV
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Same sign top production

ATLAS CONF 11 139

E :_L ATLAS Prellmlnary o Data :

* ATLAS and CMS have similar strategy 2 4 + [Lot=161" oo
— Search for SS di-muon pairs (ATLAS) £t + .

Q 30— Positively charged ]

— Any SS lepton pair (CMS) s [ * dimuon pairs .

* Limits set on cross section of SS top pairs 5 “F H:M E
— CMS, ee,mm,em: 0 (Z'—ttX)<17.0 pb (35 pb’) 10[- " =

— ATLAS,mm: 0 (Z'—ttX)<2.9-4.0 pb (1.6 fb"') o et i 3 b s 4

- Both experiments disfavour the Z modelas £ == |}/ 1
explanation to Tevatron asymmetry A5 5 1%%%%%%%?/ 7 //

0 50 100 150 200 250 300 350
m(u*u) [GeV]
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Multi-top production

« Production of 4 tops is an attractive scenario in a number of new physics
models (SUSY, compositeness, resonances strongly coupled to top, etc.)

« The SM cross section is a few fb

g 0 ~2200000000000000 ;
! /Mt
t A t
g g \mmmmmm,\
octet only t octet or singlet t
2 10°
c MC: 35 pb”!
. . Pl tt_tt_ q>) 10° . = H:bnarp";tszeo GeV
Multi-top in SUSY? gg — X0X0 U =

I SingleTop
Signal: mg=450 GeV, mX= 186 GeV

« Example: require one muon, at least 8 10° o Do
jets (one central)

* Yields in 30 fb-' (gluino mass 450 GeV)  «
— 330 signal events, 120 ttbar+jets, 30 W+jets o

Cent;al Jet
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Multi-top production

CMS SUS-11-020

« SUSY models with four top quarks

« Consider models of gluino pair
production
7.0
1

Type Al: g — tty

~

Type A2: §— t1t, t; — tx; (stop on-shell) p,

* Final state: ——=——=

CMS Preliminary, (s =7 TeV, L _ = 4.7 fb"

300

200

IIIII'-..!IIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIII

Same Sign dileptons with btag selection

Exclusion oP = gNLOLL . { o

m()"(‘:) =150 GeV

m(i?) =50 GeV piy

P

%000
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Multi-top production

CMS SUS-11-020

» Study of SUSY signal with
pairs of sbottom quarks

I J— Type B1: pp — 515’{ .
bl — X Type B2: pp — §b1, §— bib

* Final states with up to 4
isolated leptons

CMS Preliminary, [s=7 TeV, L, _ =4.7 fb"

~ L0 10 F E
Q. 3 ]
m(b1) > 380 GeV @95%C.L. 2
N
s
A [
+
=
<
T 10
vy
g ]
& 102} — NLONLL .
x ]
© = Same Sign dileptons with btags, m(f:) =110 GeV, m(;'(:") =50 GeV

250 300 350 200 450 500
m(b,) GeV
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Top quark and new physics

» Top quark production is main background in many searches for new physics
* Top quark sample may be contaminated by NP processes

* |s top quark sample compatible with top quark SM hypothesis?

* Need to compare distributions, gain good understanding of top sample

"core" tt region, e.g.,
eu + MET + 2 b-tags
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event selection region
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