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Heavy resonance searches : :
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= Boosted jet searches




Heavy resonance searches :

—

performance well understood wide jets
after only one year of data

in both experiments ) :
e :> 2&r regu

physics objects and their uncertaintie
Hadronic jets key physics objects CMS : particle flow jets

lar jets

fat jets
calorimetr level jet

Factorized calibration
based on MC truth jet energy scale (JES) and in-situ technigques

JES uncertainties :1-2% @ 100GeV,2% @ 1 TeV, 3-4 % @ 2 TeV

R"i‘
parton level jet particle level jet

Images by D. Gillberg, H. Kirschemann

ATLAS-CONF-2013-004
JINST 6 P11002 (2011)
arXiv 1112.6426

Differences in high-pT calibration and uncertainties
CMS, /|
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http://arxiv.org/abs/1112.6426
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Resonances with resolved jets
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Dijet searches

Select central dijets with high dijet mass

for deviations from smooth fit to background. If no deviation X
Set limits on benchmark models using Bayesian techniques

q/g/b

Dominant uncertainties : JES, luminosity, fitting procedure g/glb
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Dijet searches : 8 TeV limits

CMS benchmark models:

String resonance / excited quark = qg
Scalar octet / RS graviton / = gg
Heavy vector boson / axigluon /

E6 diquark = qq
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ATLAS benchmark models

Excited quark (g*) = qg
Generic Gaussian resonances
of different widths

ATLAS CONF 2012 148
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Di-b-jet and bg searches *
_ : s bbar
Similar technique to dijet mass search
Add 1 or 2 b-tag requirements Benchmark models:
deviations observed SSM heavy vector boson Z' - qq/bb
from smooth fit to background - limits RS graviton - gg/bb
Excited b quark - bg
Dominant uncertainties : JER, b-tagging CMS-PAS-EX0-12-023
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http://cds.cern.ch/record/1542405

6-jet searches

Select high-jet-multiplicity events (towards N=6)

for;
deviations from smooth fit to Mjjj distribution (CMS)
excess in data-driven background estimation
based on jet multiplicity (ATLAS)

If no deviation, set limits on benchmark models using CL. method

Main uncertainties : JES, JER, ISR/FSR and pile-up (cms), PDF, bkg estimate
CMS, 5.0 fb \s=7TeV
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6-jet searches : limits

CMS amd ATLAS benchmark models:

Pair-produced R-Parity Violating gluino
decaying in three quarks via off-shell squark

g — qq — qqq with mgz >> m;

------- Exp Limit (Resolved) Dﬂ o Exp Limit (Resolved)
—— Obs Limit (Resolved)

— — Obs Limit (CMS 2010) E
- - - - Obs Limit (CMS 2011) .§§ Cross-Section (NLO+NLL)J

[ ]#2 o Exp Limit (Resolved)

ATLAS analysis extends limit

below 200 GeV

‘Boosted approach available (next slide) All limits at 95% GL

Ldt=46fb ys=7 TeV

Limits improve when using
minimum jet p_ discriminant (ATLAS)

wrt fit to three-jet mass spectrum (CMS)
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http://link.springer.com/article/10.1007/JHEP12(2012)086

Boosted 6-jet searches

Light gluino with large boost

- merging of decay products
JHEP 12 (2012) 086
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Reconstruct 'fat jets' and use jet substructure discriminants;:
jet mass after selection of harder jet components (trimming),

n-subjettiness (T

« 3 sub-jets

ATLAS .

SR1 preselection m* > 60 GeV
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Cross-check to resolved analysis, first appf‘catlon
of n-subjettiness in LHC physics analysis
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Resonances with boosted jets
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Searches with Boosted Topologies

X = BSM heavy resonance, Y = SM heavy particle (t,W,Z,H)

Hadronic decay products of Y merge into single “fat-jets” at high
ry=M,/2M, (~v, lorentz boost) > depends on jet cone size

Use jet-substructure techniques to tag boosted hadronic decays
of top, W, Z, and Higgs

%Ex'g "@ \
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Jet substructure technigues

The reconstructed mass of the boosted particle (M, ) is the
most effective discriminant.... in addition...
Some of the tools developed

Gavin Salam
Jet Declustering fDr bDOSted W/Z./H/tﬂp
Seymoura3 reconstruction
f/"'si?”m*f Jet Shapes
Matrix—Element Illll. \ ATLASTopTagger
Mass-Drop+Filter
/ mal ‘ VERY ACTIVE FIELD
JHTupTﬂglger \ TW —— Planar Flow
Templates | I|I l o
CMSTopTagger II Pruning | \ MN-jettiness
|I I'\'l | '_,-/f
HEFTnLTagg::Immlng B *w-stj l'uL CoM N-subjettiness [Kiml/ ACE
- (+dipolarity) — ~ N-subjettiness (TvT)

I _/ \ | | /,/ J

Qjets

Shower Deconstruction — Multi-variate tagger

CMS apologies for omitted taggers, arguable links, etc.

09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio
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Boosted Top Searches (X—>ttbar)

Fully hadronic final state (4 light quarks + 2 b quarks)
Bump hunt in m(ttbar) spectrum

Performed by both ATLAS and CMS with 7 TeV data
JHEP(2013) 116 arXiv 1204.2488

Jet triggers (Singlejet + Multijet)

Top-tagging algorithms (jet substructure)

B-tagging selection (ATLAS only)

Data-driven estimates for multijet (MJ)) background

CMS, /!
09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio
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Top Tagging in CMS

Cambridge-Aachen (CA) jet algorithm with R=0.8

Type-1 Top : > 4 Type-2 Top ey ]
fully merged in 1 jet . ' (fails Type-1 tag): . w
» CMSTopTagger 1 jet from boosted W->jj +

> Finding 3 sub-jets by reversing last steps 1 jet from b quark

of CA clustering | | |
> Grooming: in reclustering, reject particles > Jet pruning to reject soft particles

with large angle and low pT > Mass drop cut (m1/m<0.4) to identify
boosted W, no explicit b-tag

CMS,L=5f"at \s =7 TeV
LA I L L B L L I

CMS Simulation, Vs = 7 TeV arXiv 0806.0848

N fFTTOT T

l
2
T

o ] 0 180F =
> 007+ i e ZtimMe = SN E
o 3 ® 160 mbATA = 830+ 0.7 GeV/ic? 7
O 0.06 Non-top multijet MC O C = 09U ¢ 3
To) ] To) 140 — NC 2 —
g ] g - my,~ = 82.510.3 GeV/c 3
> 0.05 = 5 120F =
S 0.04 = §100:—
S .03 E W 80 [ W+dets 3
2 - 60 [CINon-W MJ]
& 0.02 = b —Datafit ]
001 g - -= MCfit 3
— U E 20 =
: 500 250 300 350 400 0 20 40 60 80 100 120 140 160 180 20
m(top jet) (GeV/c?) m(W-jet) (GeV/c?)

ner-e
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Top Tagging in ATLAS

HEPTopTagger

arXiv 1006.2833

ATLAS-CONF-2012-065

> CA with R=1.5 (“fat-jets”)

> |dentify 3 sub-jets + grooming
> Effective for pT(t)>200 GeV

-
N
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- [IMultijet -
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» Anti-kT (AK) with R=1.0

» Compare energy flow in jet between
given top-quark decay hyp. and obs.

ng—maxexp[ ZS: 2( 2. Et”f”)z]

=1 7 AR(topo,i)
<0.2

> Jet mass requirement: m., +/-50 GeV

60

JHEP(2013) 116
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Backgrounds to boosted tops

 CMS: dominated by M| * ATLAS: dominated by ttbar events
background (no b-tag) (b-tag applied)
> Data-driven estimate using fake » ABCD method for MJ using b-tag info

rates derived in control regions > gE QT T T T T T T T
CMS, L = 51‘b1 Vs = 7TeV  Typedit 8 - JHEP(2013) 116 *Data2011 -
§ é | | . IObser:tred | | ? 8 300:__+_ DZ' (1TeV)o =13 pb_:
) L Non-top multijet . — - - .
g0k LTS c1opb 2 2500 E:\t,l ot E
T E #e O e Z'(1.5 TeV/c®) 6 = 0.18 pb 7 5 - Ut ]
0 — L Z'(2TeV/c’) 6 = 0.06 pb - > C ]
= - g -oe Z'(3 TeVic) 6 =0.03 pb L 200 ATLAS -
b 10 ' Xiv 1204.2488 = : : 1
g arAiv . = 150:_ ILdt=4.7fb _:
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12_ * * _E 100# HEPTopTagger _:
gl aETP TR I LR s 50% =
S8 2E = - ]
ES 0;_ 0 L1 TR G R
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[Pl tt mass (GeV/c?)
Cvid
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Limits (Z'>ttbar) @ 7 TeV

CMS,L=5fb"at\Ns=7 TeV 1% Wldth Assump’uon
T T T T I T T T T

3‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIII3102: o 3
= 102 —e— Obs. 95% CL upper limit e = 1+ & 1+2 (Ii:)bser\tle:((:://ogll__)) .
— xpecte Yo
= BB\ 000 e Exp. 95% CL upper limit 2 - channels +1psd Expected i
T Exp. 16 uncertainty R 10 E_ combined J_r o _E
N . 6 = I £ 2s.d. Expected =
el Exp. 2 6 uncertainty = tC -------- Z',1.2% width, Harris et al -
o 10 B LopiophobicZ (LOx1.3) £ 1R e Z',3.0% width, Harris et al =
HEPTopTagger :)o_ 10" b
1 =< L
T N arXiv 1204.2488 T,
102 o e e
1 15 2 2.5 3
T I tt Invariant Mass (TeV/c?)
s=7Te
JLdt_bei-1  Expected Z'(1.2%) mass limits comparable
T HEP(2013) 11
.|...|...|...J|..(.O|.3.).|6...|... e ATLAS starts the search below 1 TeV
6 08 1 12 14 16 18 2 L
e CMS more sensitive above 1.5 TeV
Z' Boson Mass [TeV] . .
 Room for improvements at high and low mass
Multijet triggers allow to extend for both experiments
ATLAS analysis below 1 TeV
CMS Y
09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio
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X->ttbar CMS @ 8 TeV %

- CMS-PAS-B2G-12-005

CMS Preliminary, /s = 8 TeV, 19.6 fb”

G L L L L D L
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CMS Preliminary,is =8 TeV, 19.6 fh”

 Typel + Typel topology for search
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1% Width Z'

e Typel + Type 2 topology for = & Expected Lt
validation of subjet energy scale 1 . 1o

= === Topcolor Z'x 1.3, 1% Width
= = = = Topcolor Z'x 1.3, 1.2% Width
(Harris, et. al.)
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 Limits on o x BR improved by factor
of ~2 for M>2 TeV, compared to 7
TeV analysis

* Set limits on RS KK gluon (wide), Z’
(narrow&wide), models predicting
enhancement of ttbar cross section o

A
'3 L 1 1 1 1 L 1 1 1 1 1 L L L 1 1 1 L 1 L 1 L 1 1 1 1 1 L 1 1
101000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 L
% ‘ Z' Mass (GeV/c?) E A
,‘ \r,“ S

1+1 channel

95% CL Limit ono(pp — Z' — tf) (pb)

7))
/

n



https://cds.cern.ch/record/1545285

21

Boosted W/Z Searches (X=>VV/VQq)

* Dijet selection (AK R=0.5 jets)

> Mjj>890 GeV, n(jets)<2.5, |An(jets)|<1.3

 W/Z tagging (CA R=0.8 jets)
» 70 < pruned jet mass < 100 GeV

» Mass drop (m,.,/m,,) < 0.2 (after pruning)

CMS

250

x10

3

arXiv 1212.1910

‘-“ CA pruned R=0.8

CMS (5.0 fb) —e— Untagged data

Vs=7TeV  —°_ QCD Pythias

——————— QCD Herwig++

------- q*— qW (1.5 TeV)
q*— qZ (1.5 TeV)
W'— WZ (1.5 TeV)

..... G_, — WW (1.5 TeV)

ciein G — ZZ (1.5 TeV)
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_,.“ ||Jl||||\||||J{|||l|||||‘||||‘||||‘L|||
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Mass drop
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W/Z q
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< [ Vs=7Tev angular cuts
z ----------
S qo LTI
S F
Z - —®— data W'— Wz
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http://arxiv.org/abs/1212.1910

Boosted W/Z Searches (X=>VV/VQq)

 Dominated by QCD background

* Fit data spectrum with smooth
function (same used in dijet search)

CMS

— T T T T T T T T 1T P
% e -® Single W/z- tag data _g % 102
- — Fit i -
g 107 R = (2 -
Q - qr—=qW 3 No)
s 1 B
e 1° CMS (5.0 fb™) E c -
'C \[g = 7 TeV n -c -
< 3L |
5 10 i <2.5, IAnl <1.3 3 B 104k
S Anti-k . R=0.5 ] 3 VE
10 E -
10 R j 10° =
10°® T - qW(@2TeV), + oL
8 Lo : : ; o = 0
© C 1 i ; ©|o -2
o 1000 1500 2000 2500 3000 o

Slngle W/Z tag

do _
dm

Pg(l —H’I/\/_)Pl

(m/\/_)Per% (m/+/s)

aan/1212 1910

Double W/Z tag

2 3 Double W/Z tag data =

—Fit
-- Ggg =~ WW

G — WW (1.5 TeV)

P3=0 |

CMS (5.0 fo')
\Ns=7TeV §
ml<2.5,1Anl < 1.3 |
Anti-k . R=0.5 3

Dijet Mass (GeV)

Most stringent limits to date on gW and gZ final states (see backup)
Competitive limits for VV at high masses thanks to larger BR to dijet

7000 1200 1400 1600

1800 2000
Dijet Mass (GeV)
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Conclusions

- At LHC, new heavy resonances (RS gravitons, g*, axigluons, ...)
produced via strong interaction - jet decays abundant

- RPV SUSY also predicts new particles decaying to 2 or more jets

- No evidence for new resonances in 7 TeV and 8 TeV data so far
« 8 TeV analyses still ongoing...

- Dijet analysis will be crucial at the startup in 2015 at sqrt(s)=13-14 TeV
* Preparation should start soon
* Further coordination among experiments desirable?

- Searches in boosted regime (X - ttbar, X = VV, ..) necessary at high p_/M,
* More prominent in 13-14 TeV searches

- Jet substructure is an extremely active field
* We have ~2 years to learn from the 7-8 TeV experience
and keep preparing the ground for this type of searches

09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio




Dijet mass ~ 5 TeV!

_:"-x CMS Experiment at LHC, CERN
C MS Data recorded: Fri Oct § 12:20:33 2012 CEST

Run/Event: 204541 ¢ 52508234
Lumi section: 32

JATLAS

_Lf. EXPERIMENT

Run Numbe

-nw

M(di-jet) = 4.69 TeV

ChAS, M(di-widejet) = 5.15 TeV | N
Inclusive di-jet searches




CMS, /| UNIVERSITE (<
! DE GENEVE

Heavy Resonhances
In Hadronic Final States

Discussion

Caterina Doglioni — ATLAS, University of Geneva
Francesco Santanastasio - CMS, CERN

VI LHCpp workshop — Genova, 08-10/05/2013



26

Discussion points

13/14 TeV will happen soon for both established and new searches !

Jet energy scale uncertainties
* Jet calibration and uncertainties at high pT

—

Coherence of experiments
for future measurements

Searches and reinterpretation
* How to get the most info from CMS and ATLAS searches

Data collection in hadronic final states
* Data parking / delayed streams

* Data scouting Improvements

and

Future measurements : jet substructure future
* Choice of algorithm / techniques directions
* Use of experimental data in MC tuning

— * New directions : trigger, angular info, g/g tagqging, charge

—

09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio
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JES uncertainties for ATLAS and CMS

—h

JEC uncertainty [%]
D” I_.mml(”m”h o &~ 0 KDIF_‘J

CMS preliminary, L= 1.6 fb' s =8 TeV
= T T T T T

= Total uncertailnty E
— Absolute scale
=+ Relative scale
= Extrapolation
= Pile-up, NPV=12
= Jet flavor

= Time stability

Anti-k, R=0.5 PF
m_|=0

jet

CMS-DP-2012-012
INST 6 P11002 (2011)-

20

FI_I II:Ill\rlllllllll|IIII|IIII|IIII|IIII|IIII|

Fractional JES uncertainty

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03

0 02 A
- e

0.01
0

T T T I T T T I I T T I 1 I T I T I I 1
anti-k, R = 0.4, LOW+JES + in situ correction ~ ATLAS Preliminary -
Data 2012, {s = 8 TeV 3

n=0.0

[ Total uncertainty
=== Absolute in situ JES
* Relative in situ JES
== Flav. composition, inclusive jets
«w Flav. response, inclusive jets
Pileup, average 2012 conditions
= =1 Close-by jets, inclusive jets

ATLAS-CONF-2013-004
arXiv 1112.6426
Approved plots

f oy

UTn
aaaaa
||||||||
|||||||||||||||||
||||||||||||||||
i

’
L ]
[ PN Rl 8 e e 6 "

10°  2x10°
Py [GeV]

20 30 40 10°  2x10°

Differences between methods, similar uncertainty sources:
ongoing discussion on

correlation and coherence of ATLAS & CMS JES uncertainties
precision measurement, still interesting for searches

CMS

09/05/13
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http://arxiv.org/abs/1112.6426
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013JESUncertainty
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JES uncertainty coherence: high-pT

| Both experiments employ propagation of single particle uncertainties to jets |

CMS: ATLAS:
Assume flat 3 % shift for particles *Increase uncertainties for particles
of all pT, from E/p and CTB beyond TB range (conservative
(up to 2-300 GeV) estimates of calorimeter non-linearities)
CMS simulation Ns= 7TeV - -
2 T ' - 2 " total uncertainty —a— CTB response
©1.04— "'SPH + 3%, calo s 1.03 e —e— expected shift + global energy scale
(TJ = ~SPR £ 3%, jpt o - ATLAS E/p response 0 clustering effect
= i - SPR + 3%, pf 2 1.02f- v Elpacceptance  * neutral hadrons -
91.02- T koA o :
O s " . ¥ LI i :
) i : . : o g ¥ 7 E 1.01 = = H_\_ == =
I:{I]:J e : E *t’*ﬁ'tt-'“*i- |
1— e e eeeae] = 1= e o W N
Lo o
L ; . L] L] ﬁ g H
L ° o a 0.99- -
o9g " 't PR & 2 =
: 7 % 0-93_— ............................................. f
- CMS-PAS-JME-10-008 1 = n '
0.96 anti- k R = 0 5, ml <1.3 - 0'97: an’u k R=0.6, TDpDC|UStEI’ .............................. . -
E ! ! . . L
30 """500 2005000 20 30 700 200 1000 2000
- jet
P, (GeV) arxiv 1203.1302 P [GeVl >

Q : Homogenize approach by using similar assumptions
and more motivated uncertainties ?



http://cds.cern.ch/record/1279141
http://arxiv.org/abs/1203.1302
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Definition of limits on resonances

New resonances could be around the corner with 13/14 TeV
- first search, as exciting as LHC startup!
Q: coordinate resonance definition/limit presentation?

CMS. ATLAS:
-narrow width approximation - full generator-level cross section
used for cross section calculation - Use of full template in limit setting
-only core of template used in limit setting " Inclusive limit (W/Z/gamma
- Limit expressed as o x BR ('dijets only') g* decays included)
CMS-PAS-EXO-12-059 ATLAS-CONF-2012-148
5~103§'|'L_'\‘|"‘w""|'"'|""|""|""|""|""|'é 3103;' I e
o . ., cMs Preliminary -+ String 2 f ——— g*MCi2 :
< 10 3 . \ \=s=a're\f',L=19.5§m-1§ -+ Excited Quark 3 < 102 L —e— Observed 95;% CL upper limit |
X 10f— U el B B X S — Expected 95% CL upper limit 3
: @ ¢ © 68% and 95% bands
X e N 105\ =
5 . E \\ ]
S - 1N ATLAS Preliminary -
n - AN - frar=130f" 3
% E 107] N §s=8TeV .
O 10° =
| 1 0-2 j ....
SR W s SN I SR IS I PO BTN RO IO 103 L—L NI IR S U Y e
1000 1500 2000 2500 3000 3500:4000 4500 5000 5500 2000 3000 | 14000 5000
qg Resonance Mass (GeV) 7 Mass [GeV
CMS Small effect seen on 'comparable’ search (g* with 8 TeV data),

‘narrow width' effect noticeable for wider resonances (see backup)
reinterpretation and Gaussian templates could be more difficult near kinematic limit

Q: is there a preference for theorists? How to quantify errors?



http://cdsweb.cern.ch/record/1493487
http://cds.cern.ch/record/1519066
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Dijet searches : 7 TeV lower mass limits

Rare low-mass resonances can still be excluded in dijet mass spectrum
Problem : increased luminosity = cannot record all data online
store reduced format (data scouting) or analyse data later (delayed/parked data)
Reduced data storage also useful to collect more of the unexpected ‘at runtime'

CMS : data parking (from 2012) ATLAS : delayed triggers commissioned
data scouting (from end of 2011) ATLAS-CONF-2010-093 Starting from 2012
E‘\ CTTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT Iilll.‘alrl T | TTTT] 3 J: | T T T T ‘ T T T T | T T T T ‘ i
£ ek B _ = L — —— 9" MC09 i
<T c z 3 <>E 1 04 E_ q* Perugia0 E
X C 7 o) E - q* MCo9’ ]
(8] B n L N ———e—— Observed 95% CL upper limit ]
é rL 3 10°E ‘x\\\ ---------------------- Expected 95% GL upper limit = arXiv 1210.1718
o 10:_ s — E \\\\ Expected limit 68% and 95% bands E
= E PN [Lat=sapp’ TS
% - 1 1 02 3 \\\\ Ns =7TeV 3 ]
P i 1 E N Dserved 95% CL upper limit_|
8 —=— Observed 95% CL Upper Limit B n _pected 95% CL upper limit %
s 1. - Expected 95% CL Upper Limit = 10 —=% and 95% bands
O 5 Eoected Limit < 1o CMS Preliminary (0.13 fb™) F : E
- ) fs=7TeV ] L o X, ]
I Expected Limit = 2c Wid:jats | 1t IATLAS Prel‘lmlnary | \\% < 4
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII ‘ . . ‘ L L L L L . . L 1 1
550 600 650 700 750 800 850 900 950 1000 105 500 1000 1500 2000\ [Lar=48fo” 3
qq Resonance Mass (GeV) Resonance Mass [GeVj \s=7TeV E
I CMS-PAS-EXO-11-094 ATLAS 2011 data: L |
CM last two days of 2011 data Initial data (low-mass) -~ ¢ N>
using data scouting Full dataset (high-mass) S ATEAS N
10 1000 2000 3000 4000

‘ no special triggers

Mass [GeV]


http://cds.cern.ch/record/1461223?ln=en
http://cdsweb.cern.ch/record/1299108
http://arxiv.org/abs/arXiv:1210.1718

Jet substructure tools

—
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* Jet substructure will be a necessary tool for heavy resonances

at 13/14 TeV (high p_/M,)

* Many techniques already available, overlap among them

 Different approaches in use by ATLAS/CMS
* In some cases historical reasons / availability of calibrations

* During LHC shutdown, time to study/understand optimized approaches

and implement them in time for the start-up
- more theory/experiment interaction and groundwork needed
- strategy will help with improvements in MC modelling

Q: Try to agree upon benchmark techniques among two experiments

(starting e.g. from jet algorithms)?

CMS: AK5, AK7, CAS, ...

ATLAS: AK4, AK6, AK10, CA12, ... g

CMS /|
09/05/13

arXiv : 0810.1304
i h:.lﬁ-u.a | -
Oy 4g = 152 GeV

r k, R=1.0
Oy .43 = 80 GeV

Y

[ S15Cone, R=1.0,1=0.75 7
Qg3 = 58 GaV

1900 2000 2100
dijet mass [GeV)

PR IS T T [T
1900 2000 2100
dijet maszs [Gel]

PR IS T ) [ T N
1800 2000 2100
dijet mazs [Gel
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http://arXiv.org/abs/0810.1304v1%20
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Substructure and MC tuning

 MC description of jet substructure needs improvements
— Example: jet mass description by Herwig/Pythia
* Q: Tune MC parton shower parameters using the same unfolded
distributions provided by both experiments? Agreement?
'G{”E L L L
"|$ - ATLAS —_m 2010 Da'.u..J--SlS i E
CMS, L=51t"at {5 =7 TeV, Trlmmed AKT Dijets Bl £ GGM: Cambridge-Aachen R=1.2 Statistical Une. E
..E 1%;::1_ = wmnmp ﬂﬁ_ﬂ_ﬂﬁev 'r,',.fi, fé—:- = ,_!Eﬂ 012 fs;‘f:tie:n*:giuﬁ”ﬂ Tatal Une. —
g S = 0.01F- Ny, = 1.yl <2 F:ﬂ"m =
= 2 = 0.008F o =
03 = : .+ QCD events 1
0 = 0.006F o -
1_% 3 ﬂ.nmf— —f
%3 = ﬂ.nnzf— _f
I:I Statistical Uncertainty . i g: : :
" [ e vy W/Z+]et events g1 i
: PTG, Tune 22 arXiv : 1303.4811 g F5
CMS iz :----P\"THIM.TunEdc gg;: :;
i ........ HERWIG++, Tune 23 09/05/13 ﬂ‘zﬂz Ei} 1tf]ﬂ 15'EI EthD EEID ' BDE
Jet Mass [GeV)

ner-p»


http://arxiv.org/abs/1303.4811v1
http://arxiv.org/abs/1203.4606

NeW dlreCthnS Only a few ideas
for searches with substructure leutefmany.

Deploy substructure-aware triggers

> If tagger performance known offline, can use specific triggers online
- performance studies should start now

Use internal jet properties in '‘plain' resonance search:

* Quark/gluon tagging for lower-mass resonances
> Need to carefully avoid shaping backgrounds
> Discrimination from data templates, but still sensitive to non-perturbative effects

Search for (and discriminate) resonances with substructure

* Angular resolution within jets

» What is the angular resolution of subjets within a fat jet?
» Can we measure W polarization in boosted topology

(e.g. for Bulk gravitons)? 7" s qu
= Useful for WW scattering at very high Vs, M. Schwartz, BOOST 2012
to Separate transverse and |Ongitudina| mn%e_t p_T-weighted charge, min p T = 50 GeV, Zprime1000 uu_d_at
polarizations in semi-leptonic final states 2500} : 21;
* Jet charge as example of new observable 7] '
CIMS 71> recent theoretical studies for g k=1
heavy boson resonances .

—1.0 -0.5 0.0 0.5 1.0
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4-jet searches

Events per 40 GeV

Pulls

Select events with N, > 4, close values
of paired dijet masses

X
for deviations from fit to paired dijet mass distribution
X If no deviation, set limits on benchmark models
using CL, method
Main uncertainties : JES. IER. luminositv. backaround fit

g oof I Ldt-4615" ATLAS pT[fi'* o> 135Gev
cms.Vs=7Tev _ __ _  50fY & FE\B-rTev + Data; Region A ]
10° 1 F Dai = 2 - I ABCD result B
- T oD Smiation J : - -! [ 1C sgluon; Region A
10 b Coloron (400 & 800 GeV) _ 600 - me - 50 Gy -
= I Fulls E L Moguen = = _
o2 = B wof-  Wm -
: iy :
10 - . 0= W arXiv 1210.4826 ... =
: F : . T

== e :
e = S TT

EL—_—.—..—_—-.—rﬂz E i : I f I t i
C 7 g i
350400 500 600700 800900 1000 1100 1200 £ 1}_--_-'_.—'-._'--_-F
m,,, (GeV) 5 -2 - | | | | | | —

O

100 200 300 400

(m,+m, )2 [GeV]

ner-a»


http://arxiv.org/abs/1302.0531
http://arxiv.org/abs/1210.4826

4-jet searches : limits

CMS benchmark models:

stop pairs = qqbar pairs
coloron = qqbar / gg pairs (through S8)

CMS, \s = TV

'|\|

3
o
18

—— Observed Limit (95% CL)
-------- Expected Limit (95% CL)
O + 1o

1 +20

— coloron to qJ onlg

— - - coloron to gqQ or 5,5,
----- stop to qf only

—

o x Br? x Acc (pb)
S

—
=
o]
+

10" EarXiv 1302. 0531 N

Lol
300 400 500 600 700 800 900 1000 1100 1200

Resonance Mass (GeV)

s |
| i 09/05/13

| 4 ‘\\;Ji\?\
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ATLAS benchmark models:
scalar gluon (SUSY) - gg

hyperpion = gg

E‘ T I T T T T I T T T T I T T T T | T T T T | T
=3 B 4 —a— Observed
% 1 n4 i_ ATLAS I Ldt=46fb Expected _i
< - \ Vs =7TeV Mo ]
o I + 2 ]
= N
£ 10°L 2 222 Sgluon (NLO) _|
:: = \ - - - Hyperpion =
O u — ATLAS 2010
2 _ -
2| _
o 10°E =
10 arXiv 1210.4826 T
- LT

I 1 1 1 1 I 1 i 1 1 I 1 1
100 150 200
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http://arxiv.org/abs/1302.0531
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Eight-jet searches (CMS)

Events

Select high-jet-multiplicity events (N=38) R
looking for vector bosons decaying in gluons :

~C2o. g

neural network g2 S

to exploit correlations between kinematic variables -
of signal producing jets with similar pT " 2000, g

37

If no deviation, set limits on benchmark models (colorons) using CL. method

Main uncertainties : JES, simulation, PDF, bkg estimate, JER, lumi, modelling

CMS-PAS-EXO-11-075

-y
o

— E T T T R L

1U5'§'"|""|""|""|""|""|""|""|""|'"'§' 'g_ = A M= M4 w = 10% =

= CMS Preliminary « Data (5.0 fb) § < B —8— Observed 7

10° = Is=7TeV l:l QCD Multijets = X 1 = — - Expected Median IE

E 3 c = Expected 1o -

L Signal - m i Expected 2 ]

10° & (M = 80O GeV, m = 267 GeV, w = 10%J S é 10" & ----- Coloron Model =

102 4 E - :

= -_— -2 L —

3 o 107E 5

1 © = CMS Prelimi -

10 — o C reliminary 7

3 % 10° & fs=7TeV —

1 + - - L=5.0fb" -

||||||||||||||I||||I||||||||||||||I||||I|||||_||||: — —

31:] 4[} 51:] ED ?ﬂ BG gD 1ﬂ[i 11[' 12[} 13[‘ 10‘4 | | 1 1 | | 1 1 1 | | 1 1 | | | 1 | | | | | 1 | | |
Jet8 p_(GeV) 400 600 800 1000 1200 1400 1600
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https://cds.cern.ch/record/1482131%20
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Limits (X=>VV/Vq) @ 7 TeV

* Most stringent limits to date on gW and gZ final states

* VV limits competitive with (or better than) correspondent semi-
leptonic searches at very high mass (thanks to higher BR to jets)

Single W/Z-tag arXiv 1212.1910 Double W/Z-tag

3 1 _l I ‘|“‘I | I I I T | i i T I | T i I T | i i I_ 3 T | T I I | T i i I I T T | T I I | i T :

a I CMS (5.0 fb™) o CMS (5.0 fb™)
<C C \s=7TeV <C \s=7TeV

x 1 ceee QW X 10T E ™ N oo G, — WW (M, =0.1) 3

m 9 q m RS TR ]

x 107 X 1

o) . o} .

10-2:_ 102_ ‘\'\ /_:

- —«— Observed 95% CL Upper Limif\ - | —e— Observed 95% CL:Upper Limit ]

ool " Expected 95% CL Upper Limit B - — . - Expected 95% CL Uppet Limit .

g Expected Limit = 1o : 10° Expected Limit = 1o ) B

B Expected Limit + 20 ] - Expected Limit = 20 e. .

—| | | | | | | | | | | | | | l | | | | | l = C I | | | | | | | | | | l | | | | | l | | |~~b 1

1000 1500 2000 2500 3000 1000 1200 1400 1600 1800 2000
CNIS gW Resonance Mass (GeV) WW Resonance Mass (GeV)
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N-subjettiness

First identify k subjets in the event by forcing J. Thaler, BOOST 2012
e.g. kT algorithm to return k subjets only Distance between subjet and constituents
145 GaV =m < 205 GaV
1 0.08 — T3/T2
T™N = = > prxmin{ARy 1, ARy, ..., ARy N} =
0 k %G.Un‘l - -.
Normalisation factor, sum_k (pT_k * R) gnuz
e e Generalization of jet width S oozl
IR to multiple (sub)jets! oot
.‘;‘ " %
= L '.'!E;i‘i’ i Flexible cut to adjust
I SN Jet shape “counts” number of subjets! signal acceptance vs.
. r background rejection
45 # subjets: < N > N

n I

T3/T2: Boosted Tops

Axes from exclusive ki /TNI 0 |
iation ali i iet directi /Ti: Boosted W/Z/H
Radiation aligned with subjet direction \ L T2/T1: booste
Radiation

Adapted from N-jettmeslsl ,used to define exrl.:luswe jet 1I:ms away from subjet
[Stewart, Tackmann, Waalewijn: 1004.2489; see lain Stewart’s Talk]

CIvVId /¢
g 09/05/13 VI LHCpp workshop

C. Doglioni, F. Santanastasio
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Jet trimming and pruning  sms.conr2o2-065

jet
/PJ < feut
’;'o ( o
k.orC/A 1@ ! o _ ‘1[
—— =
I‘\ _ -'f::' ;’
\ ’
“ O Y e
\\" . ’,
ags 1 o ' i1+ 72 .
Initial jet ®) p—;?/pg’[ I% > zeut or AR;j, i, < Reut Pruned jet
Veto large-angle radiation
09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio



http://cdsweb.cern.ch/record/1459530

HEPTopTagger

ATLAS-CONF-2012-065

or
no clustering history

m; < Mgt szl?structure
objects

(a) Every object encountered in the de-clustering process is considered a
‘substructure object” if it is of sufficiently low mass or has no clustering
history.

Initial jet

e ,u"Mjm < frac

(b) The mass-drop criterion is applied iteratively, following the highest

subjet-mass line through the clustering history, resulting in N; substructure
objects.

Y N

09/05/13

" Gompact Muon S

substructure objects

_,“".-1'\ "'"-“.‘
1]
| r B
] L !
L o

T

Keep the hardest N(=5) subjets

o
"’.f-* o \‘\‘ ",-0 \‘\'.‘
¥
{ o) uarr -* ‘-.
\00, »°)=—> —> 00 !
\ / \ !
'L\'CJ {( '\\ d"
'\_\_ ': - J(

“-l—.' “

) AR; ;. AR
Ry = min[0.3, —5-2, 12”‘,

(¢) For every triplet-wise combination of the substructure objects, recluster into subjets
and select the Ny, leading-py subjets. with 3 < N = N; (here, Ny = 5).

Top candidate

Make exactly
- . pETEEy
P “a, three jets P “u,
il \ ‘ \
] LY i %
! - A —_— A
~y 1
Bes ‘Yo &3] — &
1\%} [ \i“' ",' 1 N
1 ) 1 .r
\\ L ;J' 't‘. ‘1
\‘ "; \‘ ’J

mﬂb:M“r{l:l:{].ls:l (ﬂ¢b:jllj35j3}

(d) Recluster the constituents of the N, subjets into exactly three subjets

to make the top candidate for this triplet-wise combination of substructure ob-
jects.

VI LHLPP WOrksnop
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Absolute, relative and residual JES

CMS-DP-2012-006 CMS:
JINST 6 P11002 (2011) Required Corrections Data
A\
'8 N\
Reconstucted L2L3
Jets Residual: n
From in-situ MPF/Z-jet, flat in pT
ATLAS-CONF-2013-004 ATLAS: ©
arXiv 1112.6426 )
- - Calorimeter jets
Calorimeter jets Pile-up offset Energy & Residual inisitu EM+1JES
Eﬁﬁiﬂﬂﬂ> Crl D D A
Corrects for the energy Changes the jet direction to Calibrates the jet energy Residual calibration derived
offset introduced by pile-up. point to the primary vertex. and pseudorapidity to the using in situ measurements.
Depends on u and Ney, Does not affect the energy. particle jet scale. Derived in data and MC,
Derived from MC. Derived from MC. Applied only to data.

From in-situ MPF/Z-jet/Multijet balance combination

Note: reference scale for both experiments is truth jet (stable particles) energy scale
D|fference muons included in truth jets for CMS (particle flow) and not for ATLAS (calo Jets)

09/05/13 Vi LHCpp workshop
C. Doglioni, F. Santanastasio




JES uncertainties for CMS

CMS:
JINST 6 P11002

44

CMS-DP-2012-012

JEC uncertainty [%]

—
[]

o o N W kB O 3~ 0 W

CMS prellmlnary, =16fb" s=8TeV

CMS prelimlnary, L=16 fb”’

10C =8 Tev
T T LI I I I 7] L C | I 4
=Total uncertainty ] .35 C ITotaI uncertainty ]
— Absolute scale > 9 - — Absolute scale E
~Relativescale 4 < gE -+ Relative scale =
= Extrapolation . < - = Extrapolation =
= Pile-up, NPV=12 — o Vi -« Pile-up, NPV=12 —
= Jet flavor 1 2 &b = Jet flavor E
- Time stability ] S - - Time stability .
_ 4 O 5 =
Anti-k; R=0.5 PF . L - Anti-k; R=0.5 PF .
M o, =0 E = 4 3 p,=100 GeV E
= 35 S

3 2

_ I.

0 4 0 4

P, (GeV) Moy

JEC uncertainties dominated by Pile-up uncertainties at low pt,
relative scale in endcap/forward

09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio



http://iopscience.iop.org/1748-0221/6/11/P11002
https://cds.cern.ch/record/1460989

ATLAS: 45
arXiv 1112.6426

JES uncertainties for ATLAS ats-conr-2013-004

Approved plots

o
-

>‘ - ' ' ' ! ! r I ' ' ' ' ' ' T I ‘ - 0 1 T T L I T L I T UL T 17T T 17T T 17T T 17T T 17T T
= — . . . . — == SAET I I I I I I I 'y
.% 0.09 :_antl-kt R =0.4, LCW+JES + insitu correction  ATLAS Prehmmary_: *,;' 0 095 anti-k, A = 0.4, LCW+JES + in situ correction ~ ATLAS F‘reliminaryE
— - - g — ] 1] . — ’ -
= F Data 2012,15=87TeV E - = Data 2012, (s = 8 TeV -
o .UogEn=0. i = = i —
< 0.08 E N 0.0 [ Total uncertainty 3 © 0.08Fpl" =40 Gev [ Total uncertainty -
o 0.07 — Absolute in situ JES — > = = Absolute in situ JES =
0 = =+ Relative in situ JES 1 9 0.07 -+ Relative in situ JES
— 0.06 === Flav. composition, inclusive jets = > 0.06 “ ==+ Flav. composition, inclusive jets
g = « Flav. response, inclusive jets = = ' . Flav. response, inclusive jets
e 0.05 Pileup, average 2012 conditions = 5 0.05 Pileup, average 2012 conditions t
G - - CIOSE’by jets, inclusive iets E '43 ‘a,‘ - Clﬂse-by iEﬂS, inclusive jetS ‘;‘
© 0.04 = © 0.04 s
= i L
0.03 - 0.03 " e
“, &
0.02| . J 0.02 - L (_"
e A
0.01 ' == 0.01 o, v ,:
0 8 2 e g vt 18 B v e 0::'.'::.'.'.'.'.'.'.'.'.'.'.'..'.':..'-'-'-:-'-'-:-'-'-}-':-;'-'---'-':-:‘-'-'--'-'-'--'-'-'--'-'.'..'.'.'..'.'.'.'.'.'.'.'.'.'::'.".':
20 30 40 102 2x10° 10°  2x10° 4 -3 2 - 0 1 2 3 4
jet
P2 [GeV] .

JES uncertainties dominated by baseline/PU-uncertainties at low pt,
eta intercalibration modelling at high eta

Differences between methods similar uncertainty sources:
ongoing discussion on

correlation and coherence of ATLAS & CMS JES uncertainties
precision measurement, still interesting for searches

CMS
09/05/13 VI LHCpp workshop
C. Doglioni, F. Santanastasio
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Definition of resonance
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* Narrow width approximation (CMS) vs using full / chopped
template (ATLAS) for cross section definition in '‘bump searches '

Axigluon Calculations from ATLAS and CMS

arXiv:1110.5302

— 5 i | T | T T T T | T T T T | T T T T | T T T T | 1]
< - -
é 45 | Numerator: =
% 4 - ATLAS (s + t-channel, MRSTO07) ]
o B - Only s-channel, MRST07 a
— 35 =
— N Only s-channel, CTEQ6L -
i 3 - . Breit-Wigner, CTEQ6L B
© o250 e
% ~ Denominator: CMS using * -
— 2 ;— narrow width approximation ] . —;
< [ andCTEQ6L -
15 __ e . ]

- e e e v @ _
e | | | i

1000 1500 2000 2500 3000 3500

Axigluon Mass (GeV)

Case of axigluon
(2010)

ATLAS:
- calculate cross section
by integrating the signal
In window under the pole
0.7*M < m < 1.3*M
- use 'chopped' template

CMS:

" use narrow width approximation

- use 'chopped' template



http://arxiv.org/abs/1110.5302

The narrow-width approximation

arXiv:1110.5302
width, even for resonances normally considered narrow. The extreme end of this tail

due to the PDFs is sometimes suppressed in the searches by requiring the partons
to be have mass close to the pole mass, within a few standard deviations on the dijet

mass resolution. This is generally a reasonable solution for the shapes, as the QCD

background overwhelms the signal at low dijet mass. However, the way that this
tail from PDF's is handled can significantly affect the total resonance cross section

quoted for specific models, as we discuss in [Appendix A

Narrow width approximation:

Approximate the true resonance shape with a delta function
This avoids low-mass tails as PDFs will act only in the surrounding of the peak

1 dL(Ymin. U I'r
Ohad (mR) — 16?1-2 X N X ACUS 6= X BR X - (Jrnln? JTR&I) X _‘j (44)
S dt 2 /s MR
T—'TTLRXé
where the parton luminosity fi—i’ is calculated at 7 = m#%/s, and constrained in the

kinematic range [Umin, Ymaz)-


http://arxiv.org/abs/1110.5302

Data SCOUting CMS-DP-2012-022

Special strategy to look at the data that CMS
cannot normally record on tape due to trigger
rate constrains

— explore new physics channels that need very
low trigger thresholds

— possibility to extend the standard trigger setup

48

Test Feasibility of Data Scouting in 2011:

Dijet Resonance Search (0.13 fb"")

-------------------------

for core physics or data parking in case E W o CMS Preliminary (0.13 ')
something interesting shows up in the data g 10 : B
N - QD Pyihin
scouting analyses g 1 ! .
. - - - - o w0 .-‘. 5
First implementation: new physics searches in EXO-11-094 PAS
. . . 0~
hadronic final states at “low jet p; / H,”
107
Novel trigger and data acquisition strategy ok !
applied to physics analysis i " Scouting approach extended
. ) the dijet search below 1 TeV
— Trigger: H;>250 GeV, high event rate (~103 Hz) I ; i
— Reduced event content (i.e. store calo jets : aF v | |
reconstructed during High Level Trigger online 00 1000 1500 2000 . ass (Gev)
processing, no raw data from CMS detector,
no offline reconstruction of data possible) In 2012, we can benefit from almost

— Bandwidth (rate x event size) under control

the full integrated luminosity (>15 fb1)



http://cds.cern.ch/record/1480607

Data Parking (CMS) cusoraize i
Delayed Streams (ATLAS)

* “Core” physics program of ATLAS and CMS at 8
TeV is realized using data collected at average event
rate of few hundred Hz (average lumi~4E33 cm2s)

* The “core” data is promptly reconstructed (few
days) and available during data taking

* “Extra” data (~ factor of 2) has been collected by
both experiments to extend physics program (SM
measurements and BSM searches)

* These new triggers are a looser version of the
“core” triggers or brand new triggers with small- b
overlap with the rest At LAY D
» This extra data started to be reconstructed after the 1220 BOARDIN G
end of 8 TeV _data taking (i.e. delayed re_construction) 1325 DELAYED

when computing resources became available

CMS, 1

= R
|| 04/22/13 VI Workshop Italiano sulla Fisica p-p a LHC - 49 s
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Caterina Doglioni, Francesco Santanastasio
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