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Maydels - Gounting jets

Tilman Plehn
@autiEs Understanding multi-jet events: W+jets, QCD, etc (englert, TP, Schumann, Schichtel]

Top taggers — DGLAP and parton densities: jet-inclusive

Rl ECR SUSY & Higgs: jet-exclusive [get o this later]
jet merging key to precision predictions  (sherpa, Alpgen, MadEvent]

— exclusive nye distribution:
expected for soft/collinear jets: Poisson scaling  [peskin & schroeder]
observed since UA2: ‘staircase scaling’ with constant R (liis, Keiss, Stirling]
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Top taggers
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Counting jets

Understanding multi-jet events: W+jets, QCD, etc  [englert, TP, Schumann, Schichtel]

— DGLAP and parton densities: jet-inclusive
SUSY & Higgs: jet-exclusive (getto this later]

jet merging key to precision predictions [sherpa, Aipgen, MadEvent]

— exclusive nje distribution:

expected for soft/collinear jets: Poisson scaling  [peskin & Schroeder]
observed since UA2: ‘staircase scaling’ with constant R giis, Kieiss, Stirling]

— testable including er

"

o

dN
(w100 Ge

o I ——

Wvariation i variation
°
o

rors: scales and as(my)

!

L I saisics weerianey

800
my [GeV]

Wvariation  agvariation

— niet helps with other critical distributions, e.g. Mg
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Top taggers — DGLAP and parton densities: jet-inclusive
Wji@CDF SUSY & Higgs: jet-exclusive (getto this later]

jet merging key to precision predictions [sherpa, Aipgen, MadEvent]

— exclusive nje distribution:

Understanding multi-jet events: W+jets, QCD, etc  [englert, TP, Schumann, Schichtel]

expected for soft/collinear jets: Poisson scaling  [peskin & Schroeder]
observed since UA2: ‘staircase scaling’ with constant R giis, Kieiss, Stirling]

— testable including errors: scales and as(myz)
— nier helps with other critical distributions, e.g. Mg

Autofocus into Mg VS Niey

— keep e free in inclusive analyses  fearly LHC analyses]

— mass of heavy states from mygg; [iike ATLAS analyses]
color charge from njet [no gluon decay]

— exclusive two-dimensional likelihood

SPSla, 1inverse fo

SPSla, squarks+squarks, 1 inv. fb SPS1a, squarks-gluino, 1 inv. o
(TeV)
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Fewer fatter jets

Fat jets from boosted massive particles decaying hadronically  [seymour, 1994]

- Starting frenzy: VH, H— bl_) [Butterworth, Davison, Rubin, Salam]

— S:large myy, boost-dependent Ry
B: large my, only for large Rpp
S/B: go for large mp, and small Ry, so boost Higgs

— implement in jet algorithm for one large Higgs jet
— but not all that many jets...
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S e Fat jets from boosted massive particles decaying hadronically  [seymour, 1994]
Top taggers - Starting frenzy: VH, H— bl_) [Butterworth, Davison, Rubin, Salam]

Wijj@CDF

— S:large myy, boost-dependent Ry
B: large my, only for large Rpp
S/B: go for large mp, and small Ry, so boost Higgs

— implement in jet algorithm for one large Higgs jet
— but not all that many jets...
...SO tag hadronic tOp jets instead [bring down number of jets by factor 1/3]
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Hadronic top tagging

HEPTopTagger sales pitch

— many taggers available for medium-high pr  (Thater & wang, etc]
- but:
there is no heavy Z’
there is no RS graviton
there are top pairs

— pr 2 250 GeV is possible
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S HEPTopTagger sales pitch

Top taggers — many taggers available for medium-high pr  (Thaler & Wang, etc]
Wijj@CDF but:

there is no heavy Z’
there is no RS graviton
there are top pairs

— pr 2 250 GeV is possible
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S HEPTopTagger sales pitch

Top taggers — many taggers available for medium-high pr  (Thaler & Wang, etc]
Wijj@CDF

- but:
there is no heavy 2’
there is no RS graviton
there are top pairs

— pr 2 250 GeV is possible
OO0 Y- T

StOp pairs Vs muIti-jet QCD [TP, Spannowsky, Takeuchi, Zerwas; + Salam] ‘7
T
— know there are top partners [Meade & Reece]
know there is dark matter  with wiMP miracle]
search for t — tpr
— multi-jet nightmare: ff* — t%9 %%
- StOp mass from mro endpoint [like sleptons or sbottoms]
— six jets as easy as bb + Er
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Tilman Plehn

Counting jets HEPTOpTagger sales leCh

Top taggers — many taggers available for medium-high pr  (Thaler & Wang, etc]
e — but:

there is no heavy Z’
there is no RS graviton
there are top pairs

— pr = 250 GeV is possible
-+ <--
StOp pairs Vs multi—jet QCD [TP, Spannowsky, Takeuchi, Zerwas; + Salam] \7
S
— know there are top partners  [Meade & Reece]
know there is dark matter  with WiMP miracte]
search for t — tpr
— multi-jet nightmare: 7f* — t%9 %%
- Stop mass from mro endpoint [like sleptons or sbottoms]
— six jets as easy as bb + Er

eventsin1fb— 1 71 ?1* tt QCD  Wijets  Z+jets S/B S/ \/Em ih—1
m;[ GeV] 340 390 440 490 540 640 40

PTj > 200 GeV, £ veto|728 447 292 187 124 46(87850 2.4 - 107 1.6 - 10° n/al[3.0 - 10—5

Fr > 150 GeV 283 234 184 133 93 35| 22452.4 - 10° 1710 2240|[1.2 . 103

first top tag 100 91 75 57 42 15| 743 7590 90 114|[1.2 . 102

second top tag 15124 11 8.4 6.3 2.3 32 129 5.7 1.4|[8.3 - 10—2

b tag 8.7 7.4 63 5.0 3.8 1.4 19 26 < 0.250.05 0.40 5.9
myo > 250 GeV 43 50 49 423212 42 <06 <0.1<0.03 0.88 6.1
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Hadronic top tagging

HEPTopTagger sales pitch

— many taggers available for medium-high p7  (hater & wang, etc]

— but:
there is no heavy Z’
there is no RS graviton
there are top pairs

— pr = 250 GeV is possible

StOp pairs Vs multi—jet QCD [TP, Spannowsky, Takeuchi, Zerwas; + Salam]

— know there are top partners [Meade & Reece]
know there is dark matter  with wiMP miracle]

search for  — tpr
— multi-jet nightmare: 7f* — t%9 %%
— stop mass from my» endpoint  fike sieptons or sbottoms]
— six jets as easy as bb + Er
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Hadronic top tagging

HEPTopTagger sales pitch

— many taggers available for medium-high pr  (Thater & wang, etc]

— but:
there is no heavy Z’

there is no RS graviton
there are top pairs
— pr 2 250 GeV is possible

Improving top taggers

— tested by ATLAS [Kasieczka & Schatzel]
include QCD parameters
include pileup rejection/filtering

— different optimization for S/B or S/+/B

Efliciency
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Hadronic top tagging

HEPTopTagger sales pitch

— many taggers available for medium-high pr  (Thater & wang, etc]

- but:
there is no heavy 2’
there is no RS graviton
there are top pairs

— pr 2 250 GeV is possible

Improving top taggers

— tested by ATLAS [Kasieczka & Schatzel]
include QCD parameters
include pileup rejection/filtering

— different optimization for S/B or S/+/B
— small dipolarity from W [Baryakthar, Hook, Janowiak, Wacker]

ZPT,/‘H,-Z

cells

— code public under www.thphys.uni-heidelberg.de/~plehn/


www.thphys.uni-heidelberg.de/~plehn/

Many Jets WJJ at C D F

Tilman Plehn

S Of course, | would love it to be new physics!
D IEREEE — SUSY only with R parity violation, sigh
Wjj@CDF

Z' too UV-inconclusive for my taste
— Wijj standard technicolor search channel

but: new physics is what is left after all SM attempts
and there are issues with the analysis...
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Counting jets Inclusive W]J analysis
Top taggers

— test for anomalous gauge couplings in WV production  m; = 65 — 95 Gev, 0911.4449)
Wijj@CDF

— anomaly around mj; = 160 GeV known

— obvious issue with WV shape
oﬁ\',evc""”s = 13.5+ 4.4 pb and oJiP"® = 23.5 & 4.9 pb consistent?
interesting binning effect at upper edge of peak

— systematics to-do list

—— Data (3.9 0"
[ wwwz

22 Wiz+jets
[0 QCD

£ Top

3000

Events/8 GeV/c?
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E— Inclusive Wijj analysis

Top taggers — test for anomalous gauge couplings in WV production  m; = 65 — 95 Gev, 011.4449]
Wi@CDF — anomaly around m; = 160 GeV known

— obvious issue with WV shape
oections — 13.5 £ 4.4 pb and oo™ = 23.5 £ 4.9 pb consistent?
interesting binning effect at upper edge of peak

— systematics to-do list

Second peak

— CDF strategy:
ignore issues with first analysis
focus on secondary peak instead  (m; = 120 — 120 Gev, 1104.0699]

1— subtract poorly understood continuum  m; side bands? G 4s0f ‘ 5
—— Bkg Sub Data (4.3 fo')
2— add’l problem with top background in a minute] |

ook -

3— add’l problem with jet veto [don't get me started]
4— quote statistics-dominated evidence

Events/(8 GeV/c
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MayJets - Tops plus jets

Tilman Plehn
Gounting jets Top backgrounds (TR, Takeuchi]
Top taggers — endpoint mb/' < 154.6 GeV glVIng second peak [confirmed: Campbell, Martin, Williams]
Wijj@CDF
% .
2 T py'=40GeV
35 7
L
0.1= p;“‘:SOGeV
| p=20Gev
50
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Counting jets TOp backgrounds [TP, Takeuchi]

e - endpomt Mmp; < 154.6 GeV giVing second peak [confirmed: Campbell, Martin, Williams]
Wiji@CDF

first top peak (i.e. WV) not understood
continuum Wijj merged from multiple samples iy
hear systematics alarm bells ringing?  [peak-on-peak]

increase top sample, compensate with WV

A A
ANpgs o = 475 — 2 4 137 2T
awv Ttop
Ao Ao
ANprgg 170) = 45 =2 4 244 270
owv Ttop

shift top normalization after jet veto by 40% [10% for inclusive analysis]

Events/8 GeV
T ‘g‘ T ‘S

o]
S

100F
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Tops plus jets

Top backgrounds  [Tp, Takeuchi]

continuum Wjj merged from multiple samples it

hear systematics alarm bells ringing?
increase top sample, compensate with WV

ANa4,96]

AN{120,170]

[peak-on-peak]

A
= 475 2TW | 437

A(7'Iop

owv CTtop

A
= 45 29W | oy

awv

— composition of top sample (et Menon, Sullivan]

Aaciop
Ttop

shift top normalization after ]et veto by 40%  [10% for inclusive analysis]

endpoint mb/' < 154.6 GeV glvmg second peak [confirmed: Campbell, Martin, Williams]
first top peak (i.e. WV) not understood

bW tb t | singlet tt [ top combined [ WV
loose cuts
N[28,200] 246 79.3 135 460 (19%) 2013 (81%) 2473 (100%) 1384
N[65,95] 54.8 18.1 29.8 103 (19%) 439 (81%) 542 (100%) 926
Npgo,170p | 902 231 428 | 156 (17%) 759 (83%) 915 (100%) 88
hard cuts
bW tb t single ¢ tt top combined wv
N[28)200] 575 38.5 67.9 164 (26%) 476 (74%) 640 (100%) 704
N[65795] 12.9 7.7 12.9 33.5 (24%) 103 (76%) 137 (100%) 475
21.3 13.3 25.3 59.8 (25%) 184 (75%) 244 (100%) 45

Nii20,170]
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CDF response
‘But, the answer is NO — this cannot possibly be top’ (punziin Biois]

0- ‘implies huge error in previous top cross section measurement’
10% for the inclusive rates state of the art for theory [anrens et al, yesterday]
40% for jet veto definitely not conservative
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CDF response

‘But, the answer is NO — this cannot possibly be top’ (punziin Biois]

0- ‘implies huge error in previous top cross section measurement’

10% for the inclusive rates state of the art for theory [anrens et al, yesterday]

40% for jet veto definitely not conservative
1— ‘there is no significant tagged component’

first, the CDF tops should show one  (endpoin
second, what is the statistics of this statement?

third, does CDF understand central b vs forward light-flavor? (single top]

t-channel Cross Section o, [pb]

&
.

35

25

15

05

SD + MJ Combination
5 T T

o COF Data |
[ 68.3%CL
O 955%CL
[ 99.7% CL
[ SM(NLO)
B SM(NNNLO)

<
1 15 2 25 3 35 4 45 5
s-channel Cross Section o, [pb]
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S ‘But, the answer is NO — this cannot possibly be top’ (punziin Biois]

Top taggers 0- ‘implies huge error in previous top cross section measurement’
Wijj@CDF

10% for the inclusive rates state of the art for theory [anrens et al, yesterday]
40% for jet veto definitely not conservative

1— ‘there is no significant tagged component’

first, the CDF tops should show one  (endpoin
second, what is the statistics of this statement?
third, does CDF understand central b vs forward light-flavor? (single top]

2— ‘top-enriched control samples agree with simulation’
‘the top background does not peak at the right place’

good news: inclusive peak is moving down

serious issue: how does the detector shift a peak by 20 GeV?
are we looking at the same ‘simulation’?

possibly the key to the puzzle (et campbel, Martin, Wiliams]
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Top taggers 0- ‘implies huge error in previous top cross section measurement’
Wijj@CDF

10% for the inclusive rates state of the art for theory [anrens et al, yesterday]
40% for jet veto definitely not conservative

1— ‘there is no significant tagged component’

first, the CDF tops should show one  (endpoin

second, what is the statistics of this statement?

third, does CDF understand central b vs forward light-flavor? (single top]
2— ‘top-enriched control samples agree with simulation’

‘the top background does not peak at the right place’

good news: inclusive peak is moving down

serious issue: how does the detector shift a peak by 20 GeV?

are we looking at the same ‘simulation’?

possibly the key to the puzzle (et campbel, Martin, Wiliams]

= | would love to be, but | am not convinced
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P— ‘But, the answer is NO — this cannot possibly be top’ punziin Biois]

Top taggers 0— ‘implies huge error in previous top cross section measurement’
Wii@CDF 10% for the inclusive rates state of the art for theory  (anrens etal, yesterday]

40% for jet veto definitely not conservative
1— ‘there is no significant tagged component’

first, the CDF tops should show one  (endpoint
second, what is the statistics of this statement?
third, does CDF understand central b vs forward light-flavor? singie top]

2— ‘top-enriched control samples agree with simulation’
‘the top background does not peak at the right place’

good news: inclusive peak is moving down

serious issue: how does the detector shift a peak by 20 GeV?
are we looking at the same ‘simulation’?

possibly the key to the puzzle (et campbel, Martin, Williams]

= | would love to be, but | am not convinced

Lessons | take home
— why do new physics guys have to play advocatus diaboli???
— forget about jet vetos until we really understand them
— systematics hurts more than statistics



Maydes [ Jnderstanding jets for the LHC
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S Jet counting in V+jets, QCD jets

Top taggers — do not call it Berends scaling [gtis, eeiss, tiriing]
Wjj@CDF

— described by modern Monte Carlos
— key to QCD and other SUSY backgrounds
— key to jet vetos?

Top tagging
— mature field by now

— testable by the end of the year
— applications: heavy resonances or top partners

W+jets at CDF

still got doubts

forget about jet vetos for now

DO should comment, but CDF needs to clean up

please prove me wrong and find new physics  (but do it right]
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New physics at the LHC
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[arXiv:0912.3259, Morrissey, TP, Tait]




	Counting jets
	Top taggers
	Wjj@CDF

