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* top physics
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top> v MDFIFE

- top : New physics [CEH T L)

o {t* — ttyx: stop search
o {tH: largest yukawa coupling v;

e {{+jets: main background for new physics search

- \ROZwYwZIE—R

- MR EEEBE

- R/ QCD. #HA#EHLEBGHEREK (4ISR) — fatjet & REEIE

~ i_";”'f . ~150GeV CR=1.5Mconelc A5

- top: 3fRERIE (BERE TH— B=-~173GeV)

15/45

1358 H7HKEH



S00sted Tops

PTt ICK>TRZAADED
- \

Ny
T g A

QCD BG . moderate —> severe

combinatorics : severe — moderate
\_ J

16/45
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S00sted Tops

PTt ICK>TRZAADED

-
e
./. ~ v
7
QCD BG moderate —> severe
combinatorics severe T moderate

CATLAS

JLEXPERIMENT |,

Early “l+jets” candidate
ATLAS-CONF-2010-063

First boosted top quark
ATLAS-CONF-2011-073

‘ L EXPERIMENT

ATLAS-CONF-2011-083
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S00sted Tops

PTt ICK>TRZAADED

-

Y
7

QCD BG moderate —> severe
kcombinatorics severe — moderate )
S0 L 0-32 - boostid L » THAETHLEBGH EEIRICEET S
'-q.é 0.25: X
Z o TE5EFlowpTETZDOX Yy k&FIA
10*E r
nadronic top| ' R=1.5 T 200 GeV #EE F Cfatjetic A%
10°F IIIIIIIIIIII 0'15
- : 0.05F
"""""" E stop 540 GeV, m, = 100 GeV
T = A et R 16/45
n [GeVl1
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HEP Top Tagger Algorithm

1. fatjete & C/A, R=1.5
2. mass drop T subjets =9 (t—=bW, W=

J=J1+1n
mj > mj;, mjp (decay) [« | mj ~ m;; > myp (QCD) m, /mj < 0.8
V Njet 2: keep ;/éjet‘&\:.thrlowl/( away mEUb < 50 GeV
< 4 1. bao T jet 1: Keep
‘-_\\ /.ju 1: keep \@/
FREE [— B3 4 : -+ a2 e
3. topB E I F&H T\ filtered massZz F D %z 23N
| substructure objgcts - l
O ) O ¢ 1\/-":,(; \ |
/’; --------- Keep the hardest’f:lﬁé).il:t\)jets ‘mgijlg L mt‘ < 25 Gev
' \ C/AR=R :/ @ N l’l \

0% 30 = (g —> 60 == top candidate

~

. ‘\RI‘- - Fi 1. “XR"‘_“
Ry = min[0.3, —5+%, —=, —5+4]

\~~ "'
-~ - -
-

17/45
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HEP TopTagger Algorithm

4. mass ratio check (top kinematics & D consistency) .

______ Make e mm——
TS . exactly three ,,"/,_ - N
l’ . \\‘ jets 'I (O \
: /RS . \ 5 { Y
3 subjets: pi1,p2,p3 — Mmi2,M13,M23 | o L
------ Map :m.‘;;(li()lS) (a‘ab:jlaj?aj-?)
2 2 o~ o2 2 2 :
my; >~ Misg = Miy + Mis + ms5; — 2D mass ratios

mas tt
A £
&

192

arctan m,,/m,, arctan m,,/m ,

arctan m ,/m,,

18/45
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HEP TopTagger Algorithm

4. mass ratio check (top kinematics & D consistency) .

_____ Make
»” s, exactly three

e oo NS
3 subjets: pi1,p2,p3 — Mmi2, Mg, Mag | 5 %) |
\ O,/ \ \’I" \
No ¢
"""" Mmap = mw (1 £0.15) (a,b = j1,72,J3)

2 2 2 2 2 :
my; >~ Misg = Miy + Mis + ms5; — 2D mass ratios

mosg
A

7

myy/m, .

mi12

arctan m,,/m,, arctan m,,/m ,

arctan m,/m ,

W mass condition |m;;/mi2s — my /my| < 0.15

18/45
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HEP TopTagger Algorithm

4. mass ratio check (top kinematics & D consistency)

Make
. exactly three /

Top candidate

-------
-
td \\

. . {63y \ jei) /

3 subjets: p1,p2,p3 — mi2, M3, M2z | Py o% : \
v\ O/ O/
(6\1 \’/I

-~ 4
-~ -
------

Map = mw(l =+ 0.15) (a,b = jl,jz,j;;)

m? ~ mi,s ~ m?, + mi; +ms; — 2D mass ratios

mosg
A
(_,__\\
m12
arctan m,,/m,, arctan m,,/m,, arctan m, y/m,
W mass condition |m;;/miaz — mw /my| < 0.15 —} tagged top
soft-collinear cut 18/45
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1L
[

2 Top lagger efficiency

[

>‘0 : = :‘ | :‘_‘\ T T T T T T T
9 Normahzed by hadronic top % 0.7 ATLAS Simulation 1 B ATLAS Simoiation
8 ............ .C/A<1 S o ; :EPTopTaggerJets with R=1.5 and 1.8 . EG-C) 0.03¢ - HEPTopTagger jets with R=1.5, default filtering i
E .......................... t ¢ 06;—0— default filtering B %O 025: ——W-—qq (HerW|g+J|mmy
@ Je - —&— default filtering, R=1.8 ] - - —e— Dijets (Pythia)
""""""" :[T 0.5 —— Ioose filtering = % - :&%t_#_%)_
| ~can 1da e : tight filtering e . . f’ 0.02-
0 N 0.4[ siaet . - ¢ : ii$ :
o aeetl| os | Toons + %
[ ++++g%;+ E !/ E E |o .
. 0.2 o = 0.01 (13 ]
L 0.1 j 7 0.005- OI .
O 1 1 1 1 ] L L L :\\\\‘\W \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\: E OO :
200 400 600 OO 100 200 300 400 500 600 700 800 900 0O i 2()@6# ‘ 200 — 500 — 800
PtTOp [GeV] Top quark p_ [GeV]

Candidate top jet P, [GeV]

efficiency: ~ 30-40%, mistag ~2-3%

validated by AT AS [G. Kasieczka, S. Schatzel, A. Schéning]

arXiv:1360.4945
19/45
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Validation with data  axiv13so.a94
tagged top

%) __ T I T T T T I T T T T _'— > 250 —_ T T T T | T T T T | T T T T | T T T T | T T T _l—
3 1000r ATLAS ] 8 - ATLAS ]
S i CIALCW jets with R=1.5 i S ~ HEPTopTagger jets with R=1.5, default filtering .
2 — = s = — L _|
= 800 det_4.7fb,\(§_7Tev 1 % 200F det=4.7fb.1,@=7TeV .
> - - - -
ek o | FEPTOpTaggers [~ =owr |
L (s - S 150 [+ ]
L tt _ o B . ]
400 - [ Wijets N —c‘% B ] W"_'jets -
i [ z+jets . S 100 O Ztl-jetS ]
B . Single Top . 8_ L . Single Top ]
200 ] (o B i
. i 50— ]
ot _ - |
0 100 200 300 400 500 600 0 T L ) 1

Jet mass [GeV] 0 50 100 150 200

fat Jet Top quark candidate mass [GeV]

20/45
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Validation with data

> - T I T T T T I T T T T '—

G 1000~ ATLAS 7]

® - C/ALCW jets with R=1.5 .

2 800~ det=4.7fb",\(§=7Tev—_
o

2 i ]

600 - Data 2011 _|

I [ Z

400 B [ Wijets N

- |:| Z+jets ]

N Single Top -

200 . -

HEPTop Tagger

0 100 200 300 400
. Jet mass [GeV] \
fat jet N\

tig

arXiv:1360.4945

ht tag

> For T T ' L B AL LS
& 20 arLas -
j E HEPTopTagger jets with R=1.5, tight filtering E
é 2002_ det=4.7fb'1, \s=7TeV _:
TOp-tag I b‘tag E/\J I % § —=— Data 2011 ]
S 1501 L ]
El:& 2_ % H%’[—% L: % B |:| W+jets .
o 100~ [ Z+jets —
§ E . Single Top E
S % .
ke - ]

100 150 200
Top quark candidate mass [GeV]

Top quark candidates / 4 GeV

Top quark candidates / 4 GeV

tagged top

T T T T | T T T T | T T T T | T T T T | T T T H
250 atLAS E
B HEPTopTagger jets with R=1.5, default filtering ]
2001~ det=4.7fb'1,\E=7Tev ]
B —e— Data 2011 ]
1501~ [t -
B [ ] Wets i
100 [ Z+iets B
B [ single Top + ]
501 —
oH e Ceatans
0 50 100 150 200
Top quark candidate mass [GeV]
250 T T T T | T T T T | T T T T | T Igl T | T T T
ATLAS
HEPTopTagger jets with R=1.5, loose filtering
200

150

100

50

fL dt=4.7f" s=7TeV
—e— Data 2011

III|IIII|IIII|IIII|IIII|T

0 ' 100 150 ]20/45

Top quark candidate mass [GeV
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/' search with H

PTop Tagger  ianas-conr-2ore-oes,

10°

102

T III\II‘

Events / 100 GeV

10

10

det

L I LI

| T | 1 T 1
-1 . .
=47t ATLAS Preliminary

- Data 2011
[z (1 Tev)o=08
[t

flacD (data driven)

pb _

10

E (5=7TeV
jfLm=4.70fb"
L lllllllllll

L) l LI B B l LI A B l LI AL B I LI
—e— Obs. 95% CL upper limit _|

-------- Exp. 95% CL upper limit
Exp. 10 uncertainty
Exp. 2 o uncertainty

= Leptophobic Z'

ATLAS Preliminary

D
oooo
-

....
O
e®
-----------

| P |

1000

500 1000 1500 2000 2500 3000 500
Di-Top Invariant Mass [GeV]
Boost alljets 46%
and s 6.5%(\ s 172 e 1 ‘
utjets 17% jtjets 17%
Article/ arXiv: arXiv: arXiv: ATLAS-
Note 1205.5371 1205.5371 1207.2409 | CONF-2012-102
Integrated 2 fp-! 2 fp- 2 fp-! 4.7 fo!
Luminosity
< limits i 05088 TeV | 06-1.15TeV | 0.7-1.3 TeV
['/m=12%
KKG limits | 5 4 08 Tev 05-113TeV | 06-15TeV | 0.7-1.5TeV
['/m=153%

1500 2000 2500 3000
Z' mass [GeV]

boosted top% F]

ER X

high pT "C® sensitivity up

21/45
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Boosted Tops (H

 stop search

* single top

“PTopTagger) D #

» top forward-backward asymmetry
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stop search toptag TE12 5. Bifldbtagt AL < > 7

hadronic mode [T. Plehn, M. Spannowsky, MT, D. Zerwas]

R4
7 Tk ~0\ (70 "\\
- BT — (8)R): my = e
— main BG: fr+jets, W+jets and QCD %
eventsin 1 fb— ! 111y it QCD W+jets Z+jets|| S/B S/ \/Elo fp—1
m:] GeV] 390 440 490 540 640 390
pr.j > 200 GeV, £ veto| 447 292 187 124 46(87850 2.4 - 107 1.6 - 10° n/al|~ 107>
Hr > 150 GeV 234184 133 93 35| 22452.4-10° 1710  2240||~ 103
first top tag 91 75 57 42 15| 743 7590 90 114{| 0.01
second top tag 124 11 84 6.3 2.3 32 129 5.7 1.4 0.07
b-tag for 1% top tag 7.4 63 5.0 3.8 1.4 19 26 < 0.2<0.05| 0.34 5.0
mpy > 250 GeV 5049423212 42 <0.6 <0.1<0.03| 1.0 7.1
2 O ME=0Ge
A\ \ O
W,Z:2toptag THEREHES 2
\ \ o |
QCD : 1 b-tag TERLEFKS S
=5 5ol | | Muy=340 Gev stop mass ~ 400GeV

tt: Mt2 TR ES ]

My, =540 GeV S/B ~ 1’ S/\/E > 5

N ——

600 22/45

M,,[GeV]
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StOp SearCh at 8Tev [arXiv:1205.2696 T. Plehn, M. Spannowsky, MT]

g®leV ~ 1—10(714Tev signal, ttbar 73 C> 2 top tag 72 & 7 FILA TR

stop m—400 GeV

1
FrhT ! soof It

600 * [ ‘Jl-_l _._r!- At
..-_ _J._'ll: ||- i

l.-:.ﬁ.. I. .’
*l.. o

I..----..'.|.- N T
Oo 200 400 600 200 400 600

1 top tag & 1 non-boosted topz JH >
Olep : 1 top tag & 1 b-jet + missing
mr(b, Hr) > 200 GeV ~ S/B ~1,5/vV/B ~5

1 lep : 1 top tag & 1 lepton + missing

S/B ~4,5/vB ~ 10
mr (£, ) > 150 GeV (for m = 600 GeV, S/B ~ 1,5/vVB ~ 2) 23/45
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stop search at 81eV

upto 660 GeV excluded 95% C.L.

S
® 600
O,
WS
£ 500
400

300

200

100

1.f, production

Status: EPS 2013

— ATLAS Preliminary

= (Observed limits
e Observed limits (-10,,,,,)

=== Expected limits
- CDF 2.6 fb'[1203.4171]

~

m,. et
L|m_207fb1
L1

| — b )’Z+ ~+—> W(*) X

gl\\l\lllﬁﬁ

m.= Mo+ 5'Gev
L %,
L =20.11fb"

I1
[T 1 11 i |
oL, t— ;
1L5—>tx
2L5—>tx
2L,t—>be
OLmonOJet/ctagt—>cx
oL, m__mo+5GeV
12|_,)t‘“—>b32*, m,. = 106 GeV
1Lt b _-150GeV
2Lt—>b =m; - 10 GeV

1-2L.7 —>b5’<+,¥hx:=12xm~o

1 X1

Y

300

L, =20-211fb"'Vs=8 TeV
OL ATLAS-CONF-2013-024

1L ATLAS-CONF-2013-037

2L ATLAS-CONF-2013-065

2L ATLAS-CONF-2013-048

OL mono-jet/c-tag, CONF-2013-068

OL ATLAS-CONF-2013-053

1L ATLAS-CONF-2013-037
2L ATLAS-CONF-2013-048
1L CONF-2013-037, 2L CONF-2013-048

fecx /f=Wby /f—=1t% -

500

L, =47 b {s=7 TeV —
OL [1208.1447] -
1L [1208.2590]
2L [1209.4186]

21 [1208.4305], 1-2L[1209.2102] —

1-2L [1209.2102]
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single tops with HE

P Top lagger

s-channel

b

t

t-channel

W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb”

= ! ® CDF Data
= 0 B 68.3% CL

S 4f 95.5% CL

S | 99.7% CL
n | Bl SM(NNNLO)
»w 3

o I

o i

o L

o 4f

C -

S [

5 T

% 1 2 3 4 5

s-channel Cross Section [pb]
At Tevatron SM : 0 ~ 20

CDF &£D0 OfERIE 30 <K B5VWITNTS

t-channel cross section [pb]

=

N

DO 5.4 fb

68% C.L.
Bl 90% C.L.
B 95% C.L.

Measurement
sm!

Four generations
Top-flavor Bl

[1] PRD 74: 114012, 2006
[2] EPJ C49: 791, 2007

[3] PRD 63: 014018, 2001
[4] PRL 99: 191802, 2007

[2]

®
|
O
O
]

| FCNCF]

0

2 4
s-channel cross section [pb]

25/45
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single tops with HE

P Top lagger

t-channel o,[pb]
S
|

2o 1. .. 1.4

s-channel

o -].
LHC all 10
10’25
: t-channel
105‘ o
LHC boosted . DO 10-35_
®* " SM Tevatron :
13 x CDF '
E o caaand o s 10.4 IR IR
s-channel o, [pb]
— small g and large g — bb
8 TeV: p’}‘:;‘ 0 100 200 300 400 500
o, [fb] 5548 1784 349 864 26.5 9.54
o; [fb] 86829 18167 2273 409.2 95.7 26.0
o [fb] 234731 137274 34640 7560 1850 519
US/O',(%) 6.4 98 154 21.1 27.7 36.7
as/aﬁ(%) 2.36 1.29 1.00 1.14 143 1.83

300 40 500
p,, [GeV]

os/ 0 improves
in boosted regime

— top tagger

26/45
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single tops with HEP Top Tagger

no lepton, 2 fat jets (one top tag), b-tag in top tag

::> main BG ttbar g.u &

0
0
\ [_?;
tji-system momentum («ttbar (&/XZ > A UL TTE W) )
q'.b

t-channel 10

(@)
—_
—
w
o
Ql—
o
o
o
w
@
%

0.05F

2000

Py [GeV] Py [GeV]

t-channel: S/B >1,8/v/B > 10 for 10fb~!

s-channel:  §/B =2.5/v/B = 4 for 25fb™!
27/45
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top forward-backward asymmetry with HEP TopTagger

Tevatron A%z ~ 6% QCD NLO effect top I& quark ERIUMAE ICHENS
M q . ;

DO, CDF: 5 otbjc‘a% A}B% BITE. #Flchigh My DEZTBTEDREL
high pT top — top tagger

LHC TH PDF OZEWDOE M T T, HIEDEE

Ar(wo)  Ac(wo) Ar (w0) Ac(yo) = %83331%8 30; <0
—_— —> —
| __ Ni(ly[>y0)—N:(ly|>y0)
s v E v > e Ar(yo) = Ne(ly|>yo)+N:(|y >yo) >0
| >0 ° | anti-top HY centrallc B h

1 top tag & 1 isolated lepton
SM: 50 with 60 fb~! (14 TeV) 0]/45
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Buckets of TOpS [arXiv:1302.6238]

- E(Cllow pT "\ (~100GeV)
HEPTopTager: down to pr ~ 200 GeV

- ttH (130fb at 8 TeV, 500fb at 13 TeV)

- signalzifils SRRV ENEE

1358 H7HKEH


http://arxiv.org/abs/1302.6238
http://arxiv.org/abs/1302.6238

Suckets of tops

]
R
/32

start with standard jets (C/A R = 0.5)

HiZ 2 toplc g d¥ v haiRT

29/45
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Suckets of tops

start with standard jets (C/A R = 0.5)
[ SIS © 2 toplc ST B YT v M AT
/'\
J1
’k j2 \ \ / Bl

J3
scan all permutation, iy \—/ B 2
select the grouping minimizing ,
J5 B
A= WA + A% (w=100) i \_/ Disr

ABq; — |mB7; _ mt‘

_ (ij> One event provides {B1, By, Bisr }

JjEDB;

always 2 top tags og/45
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Suckets of tops

start with standard jets (C/A R = 0.5)
[ with 2 b-jets
HiZ : 2toplc I 5 v hZE,RT
/'\
J1
¥ i s

J3 b
scan all permutation, iy \—/ B 2
select the grouping minimizing ,
J5 B
A= WA + A% (w=100) i \_/ Disr

ABq; — |mB7; _ mt‘

_ (ij> One event provides {B1, By, Bisr }

JjEDB;

always 2 top tags og/45
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Bucket mass, W condition

| e top mass window
1 155 GeV < mp, , < 200 GeV

e IV mass window

Arbitrary normalization

regard B; contains W if 2 jets in a bucket satisty

Mg mw

mpg. nz

< 0.15

Arbitrary normalization

30/45

n PR | . W |
0 100 200
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Bucket mass, W condition

| e top mass window
™ 155 GeV < mp, , < 200 GeV

e IV mass window

Arbitrary normalization

regard B; contains W if 2 jets in a bucket satisty

m m
R TWE 2015
mp, Iy

g OCD — 4 categories
: " (tw,tw) : By 3 W, By 3 W
(tw,t_): By > W,By 2 W
£ M (t ,tw): B2 W,Bys W
| o (t_,t_): By 3 W,By 3 W
o 00 30745
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R; < 0.5 : good reconstruction

—fficiency & Momentum reconstruction

Ri _ AR(B@, p}t\/ICtruth)

thfh+jets [fb] R, Ry < 0.5]|QCD [fb] S/BQCD
5 jets, 2b-tag 21590 16072 1.36
(tw,tw) 2750 (68.9%)  126.2 21.8
(tw,t—) 2517 23.4% 727.1 3.5
(t—,tw) 1782 21.8% 596.5 3.0
(t—,t-) 2767 9.0% 2002 1.4

(tw, tw) provide reasonable moment?/zn, €ty ty,) ~ 1370

{_ not reconstruct correct momentum

only 45% double tagged in total

31/45
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—fficiency & Momentum reconstruction

R; < 0.5 : good reconstruction R;, = AR(B;, p;

thtn-+jets fb]| R1, R2 < 0.5||QCD [fb] |S/Bqcp
5 jots, 2b-tag 21590 16072 1.36
(tw,tw) 2750 (68.9%)  126.2 21.8
(tw,(_) o517 T234%)| 7271 35
(t tw) 1782 21.8%|  596.5 3.0
(t_ ) 2767 9.0% 2002 1.4

(tw, tw) provide reasonable moment?/zn, €ty ty,) ~ 1370

{_ not reconstruct correct momentum

only 45% double tagged in total

6 jets not often survive due to jet pr threshold

MCtruth)

31/45
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Jet pT threshold

6 partons from top pair decays pr.; > 25 GeV kills 6th jet

Pr

pT,5 98% of j6 from W

Arbitrary Normalization

DT = 25GeV

32/45
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Jet pT threshold

5 P, >0GeV g
g - IS
g P> 100 GeV g
S S
Z Z
- -
5 g
s S
i $—
< p, > 200 GeV <
AN R
0 50 100 150
p. [GeV]

p,>0GeV

p. > 100 GeV
Tt

> 200 GeV
T

pT,6

T 100 150

Py [GeV]

pr.; > 25 GeV kills 6th jet
98% of j6 from W

distributions:
weak top pr dependence

thtn+jets [pbl| pre > 25 GeV prs > 25 GeV > prg
lepton veto 104.1 33.4% 44.9%
n; >5 70.5 42.5% 46.4%
n; > 6 36.7 54.7% 38.0%
= Pra > 100 GeV 32.7 13.6% 16.2%
’ = PT.to > 200 GeV 6.7 47.4% 44.7%

32/45
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Jet pT threshold

é p,>0GeV D

g T.5

g P> 100 GeV

S |

Z.

-

g

£

< p, > 200 GeV

AN R
0 50 100 150

p, [GeV]

Arbitrary Normalization

p,>0GeV

p. > 100 GeV
Tt

> 200 GeV
T

pT,6

T 100 150

Py [GeV]

pr.; > 25 GeV kills 6th jet
98% of j6 from W

distributions:
weak top pr dependence

What can we do with 5 jets?

thfh—l—jets [pb] pT.6 > 29 GeV pT,5 > 295 GeV > PT.6
lepton veto 104.1 33.4% 44.9%
n; > 5 70.5 42.5% (46.4% )<
n; > 6 36.7 54.7% 38.0%
ne > 5 pr.t, > 100 GeV 32.7 43.6% 46.2%
I = pT.t, > 200 GeV 6.7 47.4% 44.7%

32/45
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b7-buckets

e my;-peak from top decay kinematics
J
,_/_; > < \/m% — m#, ~ 155GeV

J-/G

no selection

Arbitrary Normalization

unique feature of 3 body decay

more pronounced peak with prs < 25GeV 50 To0 50
| iy [GeV]

33/45
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b7-buckets

e my;-peak from top decay kinematics
J
,_/_; > < \/m% — m#, ~ 155GeV

J-/G

no selection

Arbitrary Normalization

unique feature of 3 body decay
more pronounced peak with prs < 25GeV 50 100 150 _ _
| m,; [GeV]

e acceptable momentum reconstruction

pPr.3 < 25GeV

Parton

Arbitrary Normalization
Arbitrary Normalization

" no selection

33/45
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b7-buckets

e my;-peak from top decay kinematics

J

j/G

unique feature of 3 body decay

,_/_; > b mbj<\/m%—m%V~155GeV

no selection

Arbitrary Normalization

more pronounced peak with prs < 25GeV 50 To0 50
| iy [GeV]

e acceptable momentum reconstruction

pPr.3 < 25GeV

Parton Parton

Arbitrary Normalization
Arbitrary Normalization

" no selection

pPr,3 < 25G¢

v

new metric:
AY = |mp — 145GeV]

it mp > 155GeV, thrown away

33/45
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Modified algorithm

(tw, tw) : keep them
(tw, t—) : reconstruct t_ with A%j

(t_,t_) : reconstruct t_ to minimize A%jl + A%j2

J
;\’\i/ By t, keep

J
3:3 \Y/ B, tu keep
J4
j.5 \_/ DBisr
§)

34/45
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Modified algorithm

(tw, tw) : keep them
(tw, t—) : reconstruct t_ with Alg

(t_,t_) : reconstruct t_ to minimize A%jl + A%jQ

J
;\’\i/ By t, keep

J
8 \Y/ B, t_ recompute
J4
75 \_/ bBisr
J6
Ap, = |mp, —my| A%j = |mp — 145GeV|
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Modified algorithm

(t’wa tw) . keep them
(tw, t—) : reconstruct t_ with Alg

(t_,t_) : reconstruct t_ to minimize Algl + A%jQ

J1
' \—#\i/ B t_ recompute

J2 —

j-g \>/ Bo t_  recompute
4

].5 \_/ bisr

J6

Ap. = |mp, — myl AY = |mp — 145GeV|
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Modified algorithm

(t’wa tw) . keep them
(tw, t—) : reconstruct t_ with Alg

(t_,t_) : reconstruct t_ to minimize Algl + A%jQ

m¢_ (= myp,;) distribution

Arbitrary Normalization

accept t_ as a top

75 GeV < my; < 155 GeV
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—fficiency and momentum reconstruction

tht_h—i—jets [fb] Rl,RQ < 0.5 QCD [fb] S/BQCD
5 jets, 2b-tag 21590 16072 1.4
unchanged — (t,,t,) 2750 68.9% 126.2 21.8
(tw,t_) (7787 47.3% ) 2259 3.4
(t_,tw) 1093 27.3% 190.5 5.7
(t_,t ) 4887 | | 28.5% | 4077 1.2
- I
increase in number and quality
70% double tagged in total
bj-buckets t bj-buckets t

Arbitrary Normalization

me-buckets

Arbitrary Normalization

better reconstruction
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Consistency check

4

Q{;E
<
to enhance R; < 0.5
’ recC
O L L L l L L L l L O L ] L L L l L
N
thfh+jets [fb] R, Ry < 0.5 || QCD [fb] S/BQCD
5 jets, 2b-tag 21590 16072 1.36
(tw,tw), PF° > 100 GeV 1417 86.4% 27.1 52.3
(tw,t-), Py roc > 100 GeV 2805 80.5% 305.4 9.2
(t—,tyw), P rec > 100 GeV 287.9 60.5% 26.4 10.9
(t_,t ), p rec > 100 GeV 1084 67.7% 339.3 3.2
total, prec > 100 GeV 5593 78.5% 698.2 8.0

~ 80% provide good momentum for both tops
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—fficiency as functions of pT

base number: after 57 with 2b-tag selection

L
T~

prTeC>1OO GeV, events

 e—

(b )

-
)

S
] {

double tag

y(

Efficienc

-
=

O 100 200 300 200 3500
p, [GeV
pr+ = 100 — 150 GeV: 30% (double top tags)

pr+ = 150 — 300 GeV: 50-70% (double top tags)
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—fficiency as functions of pT

base number: after 57 with 2b-tag selection

=04 ~0 4
g (pF™>100 GeV, events & [ HEPTopTagger
% [ s — (tw Y t— ) ,%) ;
g03r R N 1§/0.3:—
P ! > f
5 | (e tw) 5 |
EO.Z.‘ 0.2
[ B
5 [ b 5 |
0.1F (o, ) 0.1F
0 -------------- 1 | L | L ] L 0 L | L | ' | '
0 100 200 300 400 500 0 100 200 300 400 500
p, [GeV] P, [GeV]

pr+ = 100 — 150 GeV: 30% (double top tags)
pr+ = 150 — 300 GeV: 50-70% (double top tags)

for pr+ > 300 GeV, jet substructure method start to be efficient -
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Stop pair search

[ arXiv:1302.6238[hep-ph] M. Buckley, T. Plehn, MT]

- _ _ % 10 : ) M)
° tt* N ttXX tt _I_ ET g - tt E>150 GeV
. . . . £
typically 10* difference in cross section el
S5 | T 500 GeV
e include t_ increase both signal and BG £ N
600 GeV
. 700 GeV
S/B ~ 1 for m; = 600 GeV {
T TR SR RS T run B PR |
200 400 600 800
tt+jets [fb] tt* [fb] S/BS/vB T [GeV]
m; [GeV] 500 600 700 600
before cuts 234 x 10° | 80.50 23.00 7.19
veto lepton 157 x 10° | 50.45 14.38 4.46
> 5 jets 85.9 x 10° | 37.87 10.90 3.37
2 b-tags 28.0 x 103 | 11.41  3.30 1.02
2 tops reconstructed, pi5§ > 100 GeV || 6.32x10° | 3.90 123 0.38 | 0.0002 0.08
By > 150 GeV 4471 | 2.80 0.98 0.33 | 0.02 0.7
mra > 350 GeV 045 | 0.79  0.44 0.18 1.0 3.3
100% T rejection 0.14 | 0.73 0.40 0.16 2.8
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Suckets of tops

e top : tool for new physics search
e keep low pr signal tops : pr: = 100 — 350 GeV
e buckets help to solve combinatorics

e bj-buckets provide ~ 4 times the signal
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&

S3zlEeDEEAE

MICEBZFS7

N

>t

- ttH production : —%

- moderate boosth Bh 7 [T 7Rk B H

-1
10 l/o,,, do/dp,

a2l
10

al
10}
10 -4 PR S S BN SN U N A l“:iilqu :..4"?"1}[[:?{'!}\4‘[, s 1

0 100 200 300 400 500 600 700
p[GeV]
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MIcCEBRZF >R

SR Tl DRFEIRE

» tH production :

L L B L L B B AL LS S U N SR R
~ N . iH—->bb T Ho 1t
AT Ay . CAHS I S S vy
3—_ ‘s=7TeV, Ldt = 4.6-4.8 fb o H — vy [@combined | 9
- 1s=8TeV, Ldt = 13-20.7 fi” + SM x Best Fit - Rp ~ O0Ogg—H
2| —
" . kv — 0.26p|° ~ BR(H — ~7)
T e S T - -
0
-1 |
B B I B ) B I ~I. 1 11 | 1 111 | 1 11 1 | 1 11 1 |A 111 | 111 l:
06 0.7 08 09 1 11 1.2 1.3 14 15 1.6
Ky
N0 (pp — thj) [fb)]
-—ﬁ- tt CI"=1 CF=_1
W W
A 8 TeV | 18.287042 2338736
b t b h +1.7 +28
N N " I 14 TeV | 88.2707  982'2
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flcEBAZ 5% 7 T el

- H— vy | 5 TE—=7H100MeV< 5W\WIT N5

» H->WW, ZZ, bb? £5B%h ot 5 & 7 invisible width?

<7 CMS Preliminary 1s =7 TeV,L<51fb 15=8TeV,L<196M0"
= ~ ATLAS Prel|m|nary —— Combined (stat+sys) _l 10 S B T\ a a—— K1 ' 2.5 v] vvvvvvvvv l vvvvvvvvv l vvvvvvvv ] vvvvvvvvv I vvvvvvv l vvvvvvvv I'
[ Vs=7Tev:Ldt=46-48f" - Combined (stat only) — H— YY + H— ZZ |~ Combined i [ o 1.7 GeV ——— No interference ||
I~ = : = . -1 —— H—yy — ) — - - T 1 I -
of- Vs =8 TeV: [Ldt = 20.7 fo ey > 9~ uu.un(ggH.tlH). :-;;; ! [ ota
= ! —_—H- |
- o 8 K (VBFVH) 2.0
B ' i
5_ ~ P—
- 7 ~ % i
: H H N O -
PG N R Y € R N - 20 6| 915
- : ' - .‘g.
- 5 i
3 : 1 & ¢t
R 4t 4 =2 1.0
B -(\3 L
2 3t -1 © [
- : e .
- . 21
S W/ O A A - 0.5
i 1F i _
?_|||||||||||||| G i IR E AN AN 0 llllll s r o3 8343l s -l I | I | I l-
21 122 123 124 125 126 127 128 129 ..........................................................
e (GeV] 124 126 128 0.0855 923124125 126 127 128

my (GeV) MYY [GeV]
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MIcCEBRZF >R

« WWHYD U Z LY (2 lepton mode)

SATLAS
WW,7TeV

O.C’MS
WW., 7T eV

O.CMS
WW.8TeV

=51.9
= 9524

= 69.9

2.0 -

- 3.9

2.0 =

- 2.0 pb

- 4.5 -

2.8 2

- 1.2 pb

- 9.0

« arxiv:1303.5696 [K. Rolbiecki, K. Sakurali]

=Xt b= WH b0 2vb.

o(mi. = 200GeV') > 10 pb

c WZHDH UL, ZZHATLASZE LY

- 3.1 pb

oW rrey = 44.7+2.0 pb

NLO _ 12.4
OWW,8TeV — 57.3176 pb

¥2: [ATLAS7, CMS7, CMS8]

Z»[GeV]
e -
(@)] [e+]
o o
“
/, /
VA Fie
-
—
o

160 180 200 220 240 260 280 300
m. [GeV]
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fICEBZF 2> &

- top iR

lllllllllllllllllllllllllllllllllllllll IIII """"""""""""""" IIIIIIII

d : -1 10 +D - P= =
S 2s00p ATLAS [Zdt=471" 1} .ata aP=0 ]
-'g - single lepton 1 —Fit - aP - +0.3 :
L%ZOOO:_ \/E =7 TeV _: n Bkgd ---aP=-0.3 ]

1500F [+

1000F%

500F

0 8060409 0 02040608 1108 064 0220406081
cos B(¢™) cos6(¢")

ayPope = —0.035 £ 0.014(stat) + 0.037(syst)

oy Popy = 0.020 & 0.016(stat) g o1 (syst)
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Summary

. NaturalnessZ={E Ui

ran /

/

/,

7

/

7

flH B DO SR VIRR T,

f DUDBAN—FBIZARNNNT A=YV AHNFL

SN v %

New physics scale

45/45

1358 H7HKEH



