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plan

e motivation: top, fat jet

¢ jet substructure

e HEPTopTagger

e application

e summary
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Top at LHC

e top: closest to new physics — probe for new physics

. . 3
¢ fine tuning problem: top partner (5777% ~ @ _E“’?A%M
e Tevatron anomaly ( A% 5, single top, W+jets, etc. )

e Main BG for new physics search

e LHC : precision physics by statistics 71 ATLAS Online Luminosity  \&=7Tev
% o I LHC Doivered
> [ [C]AmasRecorded
O-tlt4TeV — 918 pb7 § 5;_ Total Delivered: 5.55 o'
g 43_ Total Recorded: 5.19 fb”'
o7V = 165 pb — 800,000 tt for 5fb—?. g
o -
_ g 3
Tevatron ~ 40,000 t¢ (7.5pb x 5.3 fb™1) &
e 1
0%‘ .......
. . . 26 Feb 28 Apr 28 Jun 28 A 29 Oct
e focus on hadronic top : 3 jets s e

e advantage: full momentum reconstruction
e disadvantage: combinatorics problem, how to reduce QCD
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top BG, combinatorics BG

e \W+jets CDF anomaly

. 40GeV/ top kinematics has several physical mass scales
J ) o
/< 0 t — bjj (combinatorics)
/ > 151GeV my,; peak ~ 140 GeV
J40(3|ev W rest frame understanding top BG is crucial

di-boson production cross section

- o(WW + WZ) = 18.1 £ 3.3(stat) £-2.5(syst) pb (combined channels)
o(WW + WZ) = 23.5 £ 4.9pb (muon channel)
o(WW + WZ) = 13.5 =+ 4.4pb (electron channel)

— large systematic uncertainty? [arXiv:1104.4087[hep-ph]T.Plehn,MT]

“TO\ m—— . % ) > 160
s 1501 W1 8 b pe=40Gev <
> —— Bkg Sub Data (4.3 fb7)| ] =4 Py % 140
O L ‘ ol &7 =
% 100} WW+WZ (all bkg syst.)|_| j!:i L% 120 A Ttop 0
2 : 100 ~ 40% needed
0 (b) ] N - Ttop
w L i . Py =30GeV :
50 i — C
N l l | l P 60:
B i ol . -
AR TRASR .. ! .
0 A | peu=20GeV O
| (R g pT B
L ] 20
_50_ | | L | | | ! 1 | ! ! ! ! _— 0 T — ‘"‘% "T'FT-T T N P 07 ‘ ‘ “«.‘_/ | | “ | ‘ | “‘
100 200 0 50 100 B0 e 100 200 300
M” [GeV/CQ] il mjj [GGV]
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Boosted objects at the LHC

e new physics search with Etmiss : need recoiled SM particle as a probe

e [ow pT tops: not useful as a probe

e high pt tops: better S/B in boosted region (ex. MT2 endpoint)
overlapping decay jets — large jet (fat jet) & look substructure

Jet jet | fraction of dRmin<0.5 for tops

R 2m |
R ™~ 0S5

pT .

0.7 =2 x 175/500

0.4 = 2 x 80/400

0 —teta o

* fat jet: reduce QCD combinatorics BG jurev _ 101 oMTev — 10%pb (02472 — 2 x 105pb)
tt _ jets

0gcDb —

QCD

(W+jets & jets + W)

Myjjj ~ My My ~ My My ~ My J
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Moderately boosted tops

stop m; = 540GeV

0.25F

e fat jet & jet substructure

e highly boosted tops (pT>500GeV): low statistics

p{,’{ig‘ (GeV] 0 100 150 200 250 300 400 500

fraction  |100% 53% 28% 14% 6.8% 3.4% 0.96% 0.33%

e target | moderately boosted tops (pT>200GeV)
testable with SM tops

e starting with C/A, R=1.5 fat jet

. J
J R

RZ Aijj = max{Rl, RQ}

i

10°

i
E

S

............

e

Er.

...........

S

S

...........

L L L ‘ L L L ‘ L L L
0 200 400 600

| | | | L | | | | | |
200 400 600
P,[GeV]
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basic idea of jet substructure analysis

® mass drop criterion

e filtering
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basic idea of jet substructure analysis

. . Q> >t >H>...
e QCD jets: well described by parton shower approx.
t = ElEz(l —cos @) ~ E*0% /2

5 5 5 Mok -
T *2 T3 o Tp
5 ts tn

soft-collinear property

e Clustering jet algorithm

1. find smallest dj;, d;p ‘ T

2. if d;j, recombine ij c/a . ARIZ], P
if dip, call i as a jet | l I § = "p2 iB =

3. repeat 1-2 until no particles left X IEEEE DEE OEX CER €

e expect: shower history = clustering history
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Mass drop

e boosted decay products also clustered into fat jet.

e de-clustering the jet (going backward the history) to find mass drops

|
puER

J=J1+tn

mj > mj1, mj; (decay)

et 2: keep

-
-

et 1: keep

e For massive jet, no mass drop if QCD jet

m; ~ mj; 2> mj (QCD)

: throw away
jet 1: keep

Q* t ts ts tn
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Filtering

e large R

¢ |large pile-up, underlying events ~ R?

® jet mass vs. number of primary vertices

Rﬁlter — 027 Nflter — 3

fraction of jets

Mean Jet Mass [GeV]

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

OO

m— anti-K jets, R=1

........ trimming Rsub =0.35, fcm =0.03 x [
............... filtering, Rfilt =0.35, NSIJb =3
simimiE pruning, z.= 0.1, DCut = m/pT

g
s g 0L

-
T
LG T
By Lary o
P RS S KR SRR M 1711

50 100 150 200 250

jet mass [GeV]

—a— Before Splitting/Filtering
—— After Splitting/Filtering

—a—— Jets which will pass Splitting

ATLAS Preliminary  Cambridge-Aachen R=1.2 jets
Split/Filtered with R _ > 0.3
p, >300 GeV, lyl<2

dm__59.03GeV

dm_ _ .
aN =42+ 0.1 GeV

IIIIIIIPYIIII|IIII|IIII|IIII|IIII|IIII|IIII

1 2 3 4 5 6 7 8 9
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HEP Top Tagger

[JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT]
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HEP IOpTagger [JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT]

1. fatjets — C/A(R = 1.5), p;% > 200 GeV
2. mass drop criterion
— find hard proto-jets m; < 30 GeV, m;; < 0.8m; to keep j; and j,

fat jet

iet 2: erZ : thr |
et 2: keep m ow away
| jet 1: keep I I J
.......... 30 Gev

.I .....

jet 1: keep \

3. choose 3 hard proto-jets with best filtered mass

- |mjfjjlt — my;| < 25 GeV and pT° > 200 GeV — top candidate

4. check mass ratios

— m; condition: m? = m%23 = m:fz + m%3 + m%3 — spherical surface: 2D mass ratios

mas

-1 - - 1

IIIl-.)

— W mass condition, soft-collinear cut — tagged top
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H

e cfficiency: ~ 30%, mistag: 2~4% (1~2% with pruning)

Efficiency

Efficiency

[JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT]
P Toplagger

1 _ _ ‘ o 0.1 boost2011 proceedings
_ Normalized by hadronic tO% - ;q *é | R=15.C/A -
B R %0 | tag with Am"  cut 10!
T {iat jet Eé >
. ++ can lidatey | E
0.5 —— i 0050 e § 2 ATLAS
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,,,,,,, —— . —QCD
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H

e cfficiency: ~ 30%, mistag: 2~4% (1~2% with pruning)

c? Normalized by hadronic top :
e | CRepa<ls
0 T {iat jet
o ++ candidate
0.5F = b ‘
—— tagged
4 ++++g‘%
200 400 600

p.” [GeV]

o
—

L R=1.5,C/A
| tag with Am™™™

Mis-tag rate

,,,,,,,,,,

0.05F

,,,,,,,,,,,,

,,,,,,,

,,,,,,,

cut

,,,,,,,

,,,,,,,,,,,,,,,

e momentum reconstruct well

£ g
R -5
s IS
s = f
s =t
o )
= = E
> > E
S — L
S B F
[u- S C
< <
El”lllll I L III
-1 0.5 0 0.5 1
top, top
APT /pT

Background mis-tag

[JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT]
P Toplagger

boost2011 proceedings

10*
. ATLAS
10 CMS
HEP
JH
— NSub
- - Pruned
107 } - TW
- -  Trimmed
0.1 0.2 0.3 0.4 05 0.6 0.7

Signal efficiency
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Application
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Scalar top reconstruction

[JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT]

— m.o =98 GeV, 1} — X (100%)

X1
— main BG: tt+jets, W+jets and QCD (Alpgen-Pythia)
— set of cuts
— no lepton, £+ > 150 GeV
— 2 tagged tops with p7° > 200/200GeV — W+jets, Z-f-jgts negligible
— b-tag for 1st tagged top — QCD negligible
- mypp > 250GeV — reduce 1t
eventsin 1 fb ! Ny 1 QCD  W+jets  Z+jets S/B S/ \/El()ib_]
my[ GeV] 340 390 440 490 540 640 340
pr j > 200GeV, £ veto|728 447 292 187 124 46[878502.4 - 10" 1.6 - 10°  wal[3.0 - 107>
Hr > 150 GeV 283 234 184 133 93 35| 22452.4-10° 1710  2240|[1.2 - 1073
o0 & . 102 — 04r
first top tag 100 91 75 57 42 15| 743 7590 90 114/(1.2 10_2 % ] M}fgtP=OGeV
second top tag 15124 11 84 63 23 32 129 5.7 1.4/|8.3 - 10 ) tt
b tag 87 74 63 50 38 14| 19 26 < 0.2<0.05 0.40 59 2
mps > 250 GeV 43 50 49 423212 42 <06 <0.1<0.03| 088 6.1 = _
D =~
S|=
S
) M,;,,=340 GeV
M, =540 GeV
— | §/B~1,5/v/B > 5 for 10fb~! N
— stop mass from mn(mi?) endpoint (C.G. Lester, D. J. Summers] [like sleptons or sbottom L 400 e

M ,[GeV]
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Top forward backward asymmetry A®.

[arXiv:1103.4618 [hep-ph], J. L. Hewett, J. Shelton, M. Spannowsky, T.M.P. Tait, MT]

* QCD A%B : small NLO effect ~ 6%

DO: AL, =8+ 44+ 1%

e Tevatron anomaly

CDF: A%, =15+ 5+ 2.4%

Q)

e | HC : harder g PDF — charge asymmetry in n distributions

e semi-leptonic mode

e 1 isolated lepton

e 1 hadronic top tag with HEPTopTagger
® b-tag in tagged top — W+jets neglegible

— SM: 50 after 60 fb~1(14TeV)
— BSM: 50 after 2 fb~1(14TeV)
2.80 after 10 fb~1 (7TeV)

central anti-top

t \ / T
u u
Ar@o)  Ac(wo) | Ar(30)
= > —

N

Significance o
——r cj}
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Improving Top Tagging

[arXiv:1111.5034[hep-ph] T.Plehn,M.Spannowsky,MT]

e Pruning

e cluster only when

Z =

min(pr.;. pr.;)

Pri + Pr,;

> zCllt

R=1.5

rune
| Am”

Arbitrary normalization

Eficiency

e S/B: improved by factor 2

* b-tag

)

R=1.5,C'A
. pruse !
L tag with Am™ cut i
tagged
pgunfd i
o P WS
00 400 600
p,’ [GeV]

e correct b-subjet identification without b-tag ~70%

® b-tag for subjet selection = unnecessary factor 3 only for mis-tag rate

¢ b-tag should be checked at the last step

e R=1.8 helps to tag low pT tops.

~
~

Mis-tag rate

0.05}

| R=1.5,C'A
| tag with Am"™

cut

|
- (Wjety
' | D
SEE

600
p™ [GeV]
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Summary

- top - as a tool for new physics search

- Jet substructure : information usually thrown away
- HEPTopTagger - target for tops with pT>200GeV (testable with SM tops)

- Efficiency: ~30%, mis-tag rate: 2~4% (1~2% with pruning)

— stop pairs
— hadronic channel: /B ~ 1,S/+/B > 5 for 10fb~*
— semi-leptonic channel: S/B ~ 2,5/+B > 5 for 10fb™!

— A’
FB
— SM: 50 after 60fb~ ' (14TeV)
— BSM: 50 after 2fb—'(14TeV) 2.8¢ after 10fb—' (7TeV)

— HEPTopTagger: (Heidelberg-Eugine-Paris)
available on http://www.thphys.uni-heidelberg.de/~plehn/
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