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Introduction

domain of ‘classical’ analysis

methods:

*isolated leptons (e.g.
relevant for trigger)

* multiple, well separated
'small’ jets

boosted regime:

*classical methods fail

*dedicated tools to resolve jet-
substructure

* top-tagging, H-tagging, W-tagging, ... %;’ boosted

“fat” jet |
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WV tagging

early efforts in 2010 [cMs PAS JME-10-013]:
e top- and W-tagging algorithms commissioned in CMS with 36pb-!

VV-tagging [Phys Rev D80 (2009) 0515011 ...
e starting with Cambridge-Aachen I D Se 606&
(CA) jets with distance parameter 0.8 ]
* pruning removes soft clusters by
reclustering the jet with requirements
e at each step of merging clusters i and
j into a single cluster p:
_ min(pri, prj)

Zij = ” > Zcut
T,p

Jet Pruning Algorithm -
CMS Simulation ]
at \'s = 7TeV

m

ewhere zq: = 0.1 and ®=0.5 T

e identify W jets by requiring 2 pruned =
subjets, mijec in [60, 100], m,, (GeV/c)
mass drop m;/m;< 0.4
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WV tagging: in data

high purity top-quark selection with a high-pt muon + jet:

W-tagged jet mass: W-jet combined with a b-jet:
CMS Preliminary, s = 8 TeV, 19.6 fb” CMS Preliminary, s = 8 TeV, 19.6 fb”
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»n 1200 — — ~ B ]
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L|>J - LT Bt ] g’ - W -
800 ri [ W+Jets ] L B tt ]
= [ JNon-W MJ ] 400 — [ W+Jets _
600 E g-_bjetls ] E - [_INon-w MJ i
= ingle Top = B : _
400 - . — Datafit . 200 ] Z-.|-jets B
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Hadronic W Jet Mass (GeV/c?) Reconstructed Top Quark Mass (GeV/c?)

—data agree well with simulation
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adapted JHU top-tagging algorithm
[PRL 101 (2008) 1420011
* CA jets with distance parameter 0.8
* reverse clustering sequence, examine
clusters pairwise
e continue until separated clusters found
V(A7)2+ (Ap)2 > 04— A x pS
where p7¢ is the parent cluster

e check momentum fraction criterion

: hardj
peester > Gp x pr for

to ignore low prsubclusters

e variables used for top-tagging:

140 < miey

N, subjets

M min

=
b

>

250GeV / c?
5
50GeV / c?

min pairwise mass
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top-tagging
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CMS

top-mistag (QCD) vs.
efficiency in simulation

efficiencies and mistag

mistag from data using top-
depleted sample:

2 | L | L | L | L | L | [ I_l | _I_ . °
§ | oo [ V0 : *two high-pr jets, p>400GeV
VO™ _ 300<p_<400 = . . . . .
g - ...400<z:<5oo . °invert min palrwise reqUIrement of
2 0.07]| - 500<p <600 — . .
= UE L ooeperoo - top-tag algorithm for one jet
o 0 06—_ -.-.700<pT<800 s R . R . .
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— 900<pT<1000 : R ,~' JRAN .
0.05[—|-..- 1000<p <1100 R mlstagged
~ |.... 1100<p_<1200 ; SRR N
0.04 Ton Tagging 1 o 008 CMIS Prefiminary, is =8 TeV. 196 fi'_ _
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- R ] & - + - =
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Jet P, (GeV/c)
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event displays

i | Subjet 2
Subjet 1, :
pt J= 206.00 /i pt = 562.50
eta = -0.203 ' > eta =-0.021
- ' hi = -2.101
phi =-1.965 pni Subjet 3.
pt =270.70
eta=0.156
Top jet phi = -2.095
pt = 1090.42
eta = -0.020

phi = -2.082
mass = 2345,

—
( ‘.\“S./ l ‘
CMS Experiment at LHC, CERN /
Data recorded: Wed Aug 15 20:21:18 2012 CEST i

Run/Event; 200991 / 5660
Lumi section: 1
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CMS

application in analysis

flagship for boosted search for new physics: t t resonances
evarious models: RS KK gluon, narrow (F/m =0.01) and wide (I'/m=0. I) VA

[CMS PAS B2G-12-005]

all hadronic final state:
otwo back-to-back jets
eboth top-tagged

CMS Preliminary, \'s = 8 TeV, 19.6 fb
1 1 1 1 | 1 1 1 1 | 1 1

o |
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O i . B su i
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session Higgs and new Physics

more details: R. Kogler, today 14:30,
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other search analyses

substructure techniques applied in several BSM searches,
example: top partners with charge 5e/3 [cMs PAS B2G-12-012]

Z-|—

It v g 0 H=1274Gev CMS,
\/ CA Top Jet — - \
W b pr = 633 GeV |
g W "
“0
“‘ q T5/3
“ 0000
.\‘ >
Q 153
o D 7
g |44 t Electron
. W= A AK5 Jet ! pr =69 GeV
selection: pr = 66 GeV n=01
/ _
_q v n= -1.0
*? leptons 7 o AKS Jet
. q pr = 352 GeV Muon
*top-tagging n=0.2 p, = 154 GeV
. DR o 0 BB, 1 055147 2012 COT n=-0.3
d recoraed. oda ec . . '
'W—taggl ng RuN/Event: 208357 / 25787738

Lumi section: 26
Orbit/Crossing: 6689606 / 1102
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CMS
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results from T3 search

*|imit calculated from event yield in
various channels
* data-derived backgrounds

L||IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II||||J.

CMS Prellmlnary
19.6 fb'at \s =8 TeV

10°c « Observed Limit
o Expected Limit
- [_]Expected Limit + 1o
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- — Signal Cross-Section

'4||||||||||||||||||||||||||||||||||||||||||||||||||
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M., (GeV)

*|imit: expected 830, observed 770 GeV

more details: D. Majumder, today
15:00, session Higgs and new Physics
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and more

CMS preliminary (s=8TeV 19.6 fb"
BR(bW)

I800

=750

WV tagging applied in search for

vector-like T" quarks [cms pas B2G-12-015):

*final states with one or more leptons
*soon to come: all-hadronic final state

—700

—650

—600

1

[A9D] 1w sSe YIBn) I, pAAIdSqQ

BR(tZ) BR(tH)
I e LA B A L B
1 l-r - Single W/Z -tag data _gl
p — Fit .
10 =
-~ q*—qW

<
()]
Q)
search for resonances in W/Z 2
&
3

107 CMS (5.0 flo™
tagged dijet mass spectrum w0 N2y <13 -

[PLB 5 (2013) 040]: oY E
*resonances decaying into qW, gZ, WW, 12? ,,,,,

WL, ZZ, each decaying hadronic .
olimits: 2.38 (2.15) TeV for qW (qZ) et = -

Dijet Mass (GeV)
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CMS

jet mass

study of jet mass as an SM phenomenon [HEP 05 (2013) 090]:

everify grooming techniques

(reducing UE, PU, soft radiation,...)

everify modelling of internal

jet structure by MC simulations

grooming methods:
epruning: explained in slide 3
*mass-drop/filtering:
*find symmetric splitting by
reclustering with CA3
*new jet defined by 4-vector
sum of three hardest subjets
etrimming:
*recluster with kt algorithm
with R=0.2
*accept only subjets with
PTsub” fout Ahard Where Anard is
chosen equal to prjet

Alexander Schmidt, Univ Hamburg
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0.02

groomed AK7 jet mass compared
to PYTHIA in a dijet sample

CMS, L = 5fb at \s =7 TeV, AK7 Duets
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jet mass
results for pruned AK7 dijets

average jet mass ratio simulation/data

o CMS L=5 fo' at \B 7 TeV, Pruned AK?7 Dijets , CMS, L =5 fb"at Vs = 7 TeV, Pruned AK7 Dijets
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many more distributions (ungroomed, other
grooming algorithms etc...) in backup slides
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CMS

jet mass

results also obtained for V+jets events:

*V+jets preferably initiated from quarks

*multijets preferably from gluons

CMS, L = 5fb 1 at \'s = 7 TeV, Pruned AK7 Z+jet
| | | | | | | | | | |

} complementary
parton flavor content

—10® | T | ] o 2F : -
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~— 0 T Herwig++, Tune 23 . oT =150-220 GeV (x 102) . 5 1;'“1 .... Ry v S m.n] ------------------------------- —g
-8‘% i |:| Stat. Uncertainty ] " 2 05; ......................................................... _;
~|o R |:| Total Uncertainty o ij = 220-300 GeV (x 10%) | oE
10° A pT =300-450 GeV (x 10°%) o _ _
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[ A N 15 ................. _g
103 B 0 A R . 0.5 S S e —=
N oE
| hiag 2 T
. 15E...... pT =220-300GeV . . . L
or 0 ~ 1P i
B . o | 0.5E
- - O =
107~ o= ] ] 2F
» 1.5E
- 101 T 3 _ 1;
103 1 | | | s ] l'l'ﬁ',gt hreeih | O'5§ ; : I
0 50 100 150 % 50 100 150
. m, (GeV)
V J
(more in backup) m, (GeV)
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another dimension

two collinear b-jets with two reconstructed collinear vertices:
= jet substructure does not really help to identify this

IS
D |? e =

(™=
L |
LT ]
L2

/Secondary Vertex
/ with its Tracks

B candidates

| Tracks from Secondary Vertex

bcandidates

pt phi theta | efa rapidity| vy VX vy vz pdgld| sta
18.00968]0.71230[0.87865[0.75512] 0.74514[0.74514]0.17103[0.07122]-5.93304 0
24.61214[0.824410.89924]0.72859| 0.72377(0.72377]0.393480.33633[-5 66985 0
Secondary Vertex =

Primary Vertex

x xError| vy yEror| 2 zError| tracks| chi2| ndof] Mass

0.17103]0.00794|0.07122|0.00679]-8.9390410.00863 6] 6.896 6 3.217

0.39348|0.01036|0.33639|0.01141|-8.66385|0.01210 7| 5.528 3| 3.080

CMS Experiment at LHC, CERN
Data recorded: Mon Aug 2 08:31:15 2010 CEST
Run/Event: 142137 / 12470592

Lumi section: 21
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CMS,

* CMS pioneered an
interesting new tool:

* inclusive vertex

reconstruction:

= sceded from tracks with high
Impact parameter (instead of jets)

=»no jets required

=»angular resolution is amazing:
o(AR)=0.02

= used to probe b-(jet)
production at small angles

Alexander Schmidt, Univ Hamburg

another dimension

applied in analyses:

*bb angular correlations
JHEP 03 (2011) 136]

*bb angular correlations in

Z+bb events [CMS PAS EWK-11-015]

(soon to be submitted to journ
CMS prellmlnary 5. 15 fb’

al%:
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0.15— o ® | | T —
1 e
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g O i 3 { -
2 1 :.-..I.:.I..-.I.;.I.:.I..-.!.i._..;.i.;.i.;.i.;.i.;._..;;.I.;.I.;.I._..I.;.I.;.I.;..._..I.._..I.._.§_...._....._..I.'.:.._.:.;.:.;EI;.:.::.;.:.;.:._..:.;.I..;.:.;.:;:
2 ot - - - . . .
0 0.5 1 1.5 2 3 3.5 4
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s,

Summary / Outlook

*substructure techniques widely used in CMS
*reasonable description by simulation

eapplied not only in typical Z'—t t search
*|ot’s of ongoing activity right now
*expect major new results to be released for

BOOST 2013 (e.g. b-tagging in subjets, more
top-tagging algorithms)

Alexander Schmidt, Univ Hamburg EPS-HEP 2013 Stockholm Jul 18th, 2013
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CMS

backup slides
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CMS

Probability

Number of Jets
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CMS
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Probability

Probability

commissioning of VW-tagging
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s CMS, L=5fb" at \E 7 TeV, Ungroomed AK? Dijets
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