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The case study ....

Search for high mass WV resonances (V = W or Z)
http://cds.cern.ch/record/1546778

CMS HIG-13-008

«—Used to
trigger
For W pr > G e ev%gnts
200 GeV, m W
generally a Q
merged jet. A °
Use substructure High mass Higgs as bench
tools to identify mark for a generic WW
hadronic W (or Z) resonance of M > 600 GeV
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Why the boosted analysis?

Because the signal events have boosted Ws

CMS Preliminary/19.
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Also, otherwise the background becomes overwhelming

Events

4000

CMS Preliminary, 19.3 fb" at /s = 8 TeV, W — ev

5000

ata
. WWw/Wz/zz . tt
. W-jets % MC Stat + Sys

= ggH x 75, 600GeV === qqH x 75, 600GeV

pt of the hadronic
W candidate

¢1ﬂt¢

T T o

200 250 300 350 400 450 500 550 600
pT" (GeV)

Kalanand Mishra, Fermilab 3/13



A quick summary of the event selection

Both leptonic and hadronic W pt > 200 GeV

e Exactly one lepton with pt > 30/35 GeV for p/e

e MET > 50/70 GeV

e At least one CAS jet with pt > 200 GeV

* VVeto presence of any b-tagged AKS jets in the event

Additional cleaning cuts
e AR;; > m/2; distance between the lepton and the jet

o ADy > 20; azimuthal separation between jet & MET
¢ ADy;>20;  azimuthal separation between the two Ws

| will discuss some aspects of this selection at the end
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Use of jet substructure

e Jet substructure can be

. o 161 - ~qq
used to reconstruct hadronic St —Vijets
decays of boosted “heavy > M —wo
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Have developed tools for W (and 2Z)
tagging for the present analysis
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The tools used in this analysis are ...

will

arbitrary units

- Groomed jet mass cMS Simulation

I
—— SM Higgs, m = 600 GeV

----- ungroomed jet mass

W+Jets, MadGraph+Pythia6 |

A

----- ungroomed jet mass
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----- SM Higgs, m = 1000 GeV N

W+Jets, MadGraph+Pythia6 —]
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T,/ T,

These two essentially gave the max discrimination. Tried additional
observables, e.g., mass drop & MVA, but w/o much gain. Why?
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How do we know if all this works in data?

Look in the top control region by requiring =21 b-tag

CMS Preliminary, 19.3 fb"' at s =8 TeV, W— u v CMS Preliminary, 19.3 fb" at V's = 8 TeV, W — uv
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Worse resolution in data. Also find that for W tagging
data/MC scale factor = 0.95+0.10 (0.86£0.10) in the p(e) channel
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Data sideband can help to estimate background

CMS Preliminary, 19.3 fb" at (s =8 TeV, W— e v
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*Perform a template fit to
the data SB to estimate
contribution of W+jets

*Top background (ttbar +
single top) estimated using
b-tagged CR in data

*Other backgrounds taken
directly from simulation

All shapes parametrized
using guidance from MC
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nally, look at the WW invariant mass
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previous slide
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95% CL limit on o/o

A high mass Higgs state with SM couplings

CMS Preliminary, 19.3 fb™ at s = 8 TeV, e+u
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e Use high mass Higgs
state with SM couplings
as the benchmark signal
for WW resonances

*The idea of an SM-like
Higgs gets fuzzy at high
mass b/c its width ~ mn

-S0, also present the
result in terms of a
narrow particle with
modified couplings
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BTW, combination of all unboosted channels

CMS Preliminary ys=7TeV,L<5.1fb" ys=8TeV,L=<12.21fb"
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*No heavy Higgs or VV
resonance up to 800 GeV

*The boosted WW
channel alone more
sensitive than the

combined unboosted
result above 800 GeV
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Oggoy, X BR,,w (Pb)

A more generic BSM interpretation
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In the BSM interpretation,
search for an electroweak
singlet scalar, where a
heavy Higgs boson mixes
with H(126)

C2+C%2=1

The heavy Higgs cross
cross-section and width
are modified as

u' = C?*(1 - BRoew)
CI?.
(1 — BRuew)

" =Tgy x

12/ 13



Possible improvements and other issues for future

[4 In the current iteration used b-tagging on AK5 jets

e Well-supported & understood, but not a happy situation
e Possible to (anti) b-tag the CAS8 subjets directly

e Requires investments: operating points (loose, tight, ..),
efficiency & fake-rate, ... Some effort underway.

[4 In the very high pt regime (W pt > 500 GeV)

e Bkgd from (semi) boosted top not very constrained
eCan veto a 2"9 CAS8 jet of pr > 100 GeV, but ....?
e Other ideas to reject boosted top, “anti-tagger™ ?

[ High efficiency quark-gluon tagging for subjets ?
e Main challenge is to define control & calibration data

[ Most of these manageable. Other ideas, feedback, ... ?

Kalanand Mishra, Fermilab 13/13
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A variation of the above analysis
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Events /10 GeV

Again, my in the top CR and signal region
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o(W/ZH—W/Zinv)/c__ (W/ZH)

Probing Higgs invisible decay & dark matter

arXiv:1309.4017
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Started probing the Higgs invisible
decay “directly” in the associated

production mode.
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The best limit on WIMP DM
mass 1-5 GeV. Comparable

to mono-jet limits.
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Just for completeness .... CMS EXO-12-024

Events with 2 boosted jets. Hope to reco WW, W/Z, ZZ.

x10° 2900x10°
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Swamped by QCD. Apply some W/Z tagging requirements on one/
both jets, then set limits on BSM using dijet invariant mass.
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Best limits on low mass WIMP DM particle
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Best limits on low mass WIMP DM particle
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[Latest result from LUX
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Jet energy calibration: overview

Required Corrections

—

A Factorization facilitates the use of data-driven corrections

- Breaking the correction into pieces that are naturally
measured in collider data:

e Offset: pile-up and noise measured in zero-bias events.
eMC: jet response vs. n, Pt using MC truth.

eResidual: jet response vs. 1, Pt using dijet balance and
v/Z+jet in data.

In CMS the most widely used jet is anti-kt 0.5 (0.7 for QCD
measurements). Jet substructure studies done with anti-krt
0.5, 0.7, 0.8 with various grooming techniques.

Kalanand Mishra, Fermilab 22113
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Pileup contribution to jet energy

4+Pileup (PU) measured with

CMS preliminary @=|8TeV ZeI’O BiaS data
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0.8

Jet pr response for groomed jets

Groomed jet response within a few % of ungroomed case.

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets

CMS Simulation, L = 5fb™ at \'s = 7 TeV, AK7 V+jets
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Performance versus pileup

CMS Preliminary, L = 5fb " at Vs = 7 TeV, AK7 W+jets

by jet size
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pronounced as the jet
Size increases
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worse effect than AK5
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CMS Preliminary, L = 5fb”" at \'s =

Performance versus pileup for groomed jets

7 TeV, AK7 W+jets
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Fraction

Jet mass for groomed jets in background

Ratio of the groomed to ungroomed jet mass

CMS Preliminary, L=5fb"' at \'s = 7 TeV AK7 Duets
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arXiv:1303.4811

Comparison of
grooming
algorithms at
particle level
(GEN),
reconstructed
simulation
(RECO) level,
and in data
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Unfolded distributions, W+jet (AK?7)

CMS Preliminary, L= 515 at V& = 7 TeV, Ungroomed AKT Wajets
AL S i s p S S s b B E

——0" ]
Em, | Pythiss, 22 + 125150 GeV (x 10°) |

=" | v Herwiges, 23 B
gg I - + 150-220 GeV (x 109 |
S I [ Total Uncertainty ©  220-300 GeV (x 10°)
1w 4 300-450 GeV (x 10

R

A
AL S, .
. -m-‘ =

m, (GeV)
, CMS Preliminary, L = 5i5" at VE = 7 TeV, Fillered AK7 Wets
— LN B S B R S R L
= F ]
8 L T Pythiss, 22 + 125150 GeV (x 10°) |
10E s Herwiges, 23 i}
P p + 150-220 GeV (x 109
E | [ stat uncertainty i
S | [ rol Uncertainty e 220-300 GeV (x 10 -
w0 & 300-450 GeV (x 109
P TLA o TT
i A ]
2 R T T
wh ey,
5 § ?.,”.“ :...._'
-l T
i § N \'.‘h--;
- E - ‘:lﬂq

e

150
m, (GeV)

MC/Data

MC/Data

m, (GeV)

50

AK7, UNGR

AK7, FILTERED

28/13




= Pythis, 22
L eenene Herwiges, 23
| [ stat. Uncertainty
% I [ Tetal Uncertainty

CMS Preliminary, L= 515 ' at V& = 7 TeV, Trimmed AK7 W+jets

+ 125150 GeV (x 10°) |
4 150-220 GeV (x 10%) |
o 220-300 GeV (x 10%) 1

10t & 300-450 GeV (x 10 -
P C .
- . -
il AT, ]
BT
3 S
10 See ]
a
Saneg
i
150
m, (GeV)
, CMS Preliminary, L = 5f5 " at VE = 7 TeV, Pruned AK7 Wjets
—0 LENEL B S B L S R L
= F ]
3 L T Pythies, 22 + 125150 GeV (x 10°) |
e wiees Herwiges, 23 J
P p + 150-220 GeV (x 109
E | [ stat uncertainty i
5 | [ rotwl Uncertainty ©  220-300 GeV (x 10%) -
w0 & 300-450 GeV (x 109
"2&!"0\‘_
- “.“:'.""\.h...o.“.m ) -
. Wi
100 LA -t
..’ 'nnL””‘
- e, -
’-Q-g.,‘..“‘.\ -
L 11 &
- e
-
[~ ;'.“""'5----
I ey
Ty
10 3
. s
Teoey
1.0..."“.
A S
o 50

MC/Data

MC/Data

Unfolded distributions, W+jet (AK?7)

< L
15F 300 <450 Gl — E
. s E
0.8 ccccecsnisnnssnssnsidosssssnssnssasssnssnsss e
0 5] o0 50

m, (GeV)

AK7, TRIMMED

AK7, PRUNED

29/13



Unfolded distributions, W+jet: comparison
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