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Disclaimer

* | may not be completely up
to date on developments — |
was offline for the last 2
weeks

 Allltried was to give an
idea of where the jet and
E.Mss performance matters
most for Higgs analyses

— And so where improvements
would be most beneficial
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Of all things Higgsy



Why all the fuss?

Electroweak symmetry breaking/
unification and the need to
account for massive particles is
clear from experimental data

The simplest model of
electroweak symmetry breaking
predicts one Higgs scalar — the
boson mass is the only free
parameter in this model

Without the Higgs boson, some
cross section calculations would
return wrong/un-physical results
(W W, scattering)
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Higgs physics at the LHC: SM case

CERN-2011-002; arXiv:1101.0593
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SM channels explored in ATLAS

\'s = 7TeV SM

H->yy: rare channel, but the best g "
for low mass & [ F
. 3 WW — Fvqg _5§
H->tt: good signal/background, o 18
important at low mass, rare 10_1 \ W > TN

Associated prod. H-> bb-bar 27

\\
— ttH, WH, ZH i3 " !
10 ZZ — T'vw
— Contributes to discovery \\

— Very important for Higgs property ZZ — I
studies if SM Higgs is discovered VBFHott  |=e

. * H — Fvbb V= v AR
H>WWwW): ZH = I'lob q= udscb
. ! 1 '
— lvlv: very important in the %00 200 300 400 500
intermediate mass range M, [GeV]

— -2 lvqQq: highest rate, important at  Events expected with L=1 fb:
high mass
H->2z0). 120 127 1.5 43
— =2 4l: golden channel
— -2 llvv: good for high mass
— =2 llbb: also high mass 300 89 3.8 0.04
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Where we are now...

Tevatron Run i Preliminary, L<8.6 fb'1

. |LEP B clulsmn Tevatron
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* Expected exclusion: 130 GeV — 440 GeV
* Observed: 146 — 232, 256 — 282, 296 — 466 GeV
e Similar for CMS: 145 — 216, 226 — 288, 310 — 400 GeV
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What next?

Likely to have sensitivity to
exclude =125 GeV — 500 GeV until
—— Perturbativity bound

end of year! B Stability bound

[ ] Finite-T metastability bound
I Zero-T metastability bound

E n d Of Sta n d a rd M Od el H iggs ? Shown are 1o error bands, w/o theoretical errors

Or will we find something at low
mass around 140 GeV?

Tevatron exclusion at >95% CL

Even if no SM Higgs, many Mo
scenarios of “beyond SM” Higgs e s

mechanism — this was just the log, (A/GeV)
simplest case!

Electroweak symmetry breaking and particle masses will still be there — WHY?

To find the answer we rely on an excellent performance of all
parts of ATLAS — Jet / ETmiss performance crucial!
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Of Higgs and Hadronic calibration



Where jet/E,™*s really matters:

L) L) T T Ll Ll L) Ll l Ll Ll Ll Ll l L} Ll Ll L) l T Ll T Ll ] L) L)
— Exp. Obs. Exp. Obs. ]
N P P -
- N T — Hoyy(1.08t6")  m=es — H—ZZ- Il (1.96-2.28 tb") _|
| B'J?t mmme m— Hos WWo VIV (170 107) e ——— H-2ZZ-llqq (1.04 17
JV‘F -------- ~—— W/ZH,H-bb (1.04b") = =+ == H5ZZ-llvv (1.041b")

H—1t (1.061b™) -
Jets
MET

—_
o

SO L

95% CL limit on o/cg,

. ‘—“\
]

I

: ATLAS Preliminary j Ldt~1.0-2.3fb" \s=7 TeV CLs limits _|
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H->yy

H->yy + MET starting to be studied —aiming at a
confirmation channel if Higgs found at low mass

H->yy + N jets (N =0, 1, 2) being developed (standard
analysis is inclusive H->yy)

Ongoing mysteries:
— Addition of H->yy + 2 jets has very small impact — under study

— Jet multiplicity not reproduced in background MC - using a
reweighting procedure (below)



Status of H+2jets analysis

Event selection (example)

¢ Ojet-bin
(A) Pt(y1)>40GeV,
Pt(y2)>25GeV

¢ 1jet-

(A) Pt(y1)>40GeV,
Pt(y2)>25GeV

(B) Pt(j1)>25GeV,

In(j1)|<4.5

(C) M(yyj) > 250GeV

bin

Expected limit (1.08fb™)

Improved by ~10%.

L
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Inclusive

/1/2]ets

N
TTT

TIE T B RR R B
135 140

mH (GeV)

€ 2jet-bin
(A) Pt(y1)>40GeV,
Pt(y2)>25GeV
(B) Pt(j1)>40GeV,
Pt(j2)>25GeV
(In(jet)|<4.5)

Klery loose selection \

for 2 jet-bin at present,
in order to obtain

sufficient statistics.

- Optimization is not yet

!inalized. /




Jet distributions | (after inclusive selection, 1.6fb")

¢ data/MC comparison - By applying the reweighting w.r.t N(jet), basic
<N(jet)>
i distributions for jets are in good agreement
w m:_
2500f- data between data and MC.
2000— — MC
1500F- - Detailed studies are not yet done...
e S (NLO effect, pileup effect etc.)
500F —
00: 1 2 3 4=.=5 6 7 8 9

‘ Apply reweighting
to MC w.r.t. N(jet)

<N(jet)> <pr(jet)> <n(jet)>
= : -
F o 0 "t ‘7% dat
W 3000 ‘ - _‘_¢ & ata
2500 ¥ <00 + F MC
2000 " 400F ¥ t
1600 1 ok ; %
1000 10" 2006 s *i
500 10° 100F **' "'#
1T 2 38 4 5 6 78 10° 50 100 150 200 250 4200 350 400 O.; 4 3 2 1 0 1 2 3 4




H->bb
* Two channels: WH and ZH

— Obviously very dependent on jet reconstruction performance
— Both analyses use E™ss for cut or veto

* Analyses select good W or Z and then search for Higgs in m,, spectrum
— ZH relatively clean, but lower xsection

— WH has twice higher xsection but also higher backgrounds
* In particular, 3-jet bin dominated by ttbar
* Need to cut on number of jets => need JVF

e CMS has published better H->bb results than us (although later ;-)

— The difference mostly from better optimized analyses and the inclusion of
ZH->vvbb
— But there are hints of differences in performance:
* Better di-jet mass resolution using energy-flow jets (and higher-p; jets)
* More agressive JES and b-tagging uncertainties

e E.g.:similar systematics except JES (1%) and b-tagging (10%) — 9% and 16% for us,
respectively (note this is partly due to higher jet p; cut)



Entries / 10 GeV
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I\/I(bb) spectra and systematics
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Source of Uncertainty

Effect on the signal

my = 115 GeV

my = 130 GeV

Electron Energy Scale < 1% < 1%

Electron Energy Resolution < 1% < 1%

Muon Momentum Resolution 1% 3%

Jet Energy 9% 7%

Jet Energy Resolution < 1% < 1% E
__Missing Transverse Energy 2% 2% i

b-tagging Efficiency 16% 17% —

b-tagging Mis-tag Rate < 1% < 1% 8__

Electron Efficiency 1% 1%

Muon Efficiency 1% 1%

Luminosity 4% 4%

Higgs Cross-section 5% 5%

Source of Uncertainty Effect on the signal

myg = 115GeV  mpy = 130 GeV

Electron Energy Scale 1% 1%

Electron Energy Resolution 1% 1%

Muon Momentum Resolution 4% 1% E

Jet Energy 1% 3% T

Jet Energy Resolution 1% 1% {

Missing Transverse Energy 2% 3% =
| _b-tagging Efficiency 16% 17% 8'_

b-tagging Mis-tag Fraction 3% 3%

Electron Efficiency 1% 1%

Muon Efficiency 1% 1%

Luminosity 4% 4%

Higgs Cross-section 5% 5%
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Alternative to inclusive channels: search for high-pT Higgs to bb:

— J. M. Butterworth, A. R. Davison, M. Rubin, and G. P. Salam, Phys. Rev. Lett. 100
(2008) 242001, arXiv:0802.2470 [hep-ph]

p:7>200GeV = 5% of inclusive cross section but improved significance

Select W—|v events-and

g b i ' S | O~
search for a H—bb jet el R
1.  Searchfor high-p; jet Thdos drop iter

(Cambridge-Aachen

aI Orithm’Rzl.z > III|III III|III|III|III|III|II.I|I.II|III|I__
ok ) & 160 ATLAS Preliminary -
2. Search jet clustering g .
history in reverse and look =~ — 140 "'\[/’Ve:/t\f‘
for large mass drop % :
_ w5 120 it
3. Re-cluster with small R = 1 Il W+jets

parameter-to find sub jets 100 .
fL dt =0.61 b

Peak consistent with
W —*jj in tt events

Proof of principle for
future jet substructure

analysis
See talk by Adam Davison next %O 40 60 80 100120140160 180200 220
Ricardo Goncalo Hadronic Calibration Workshop - SLAC Jet Mass [GGV]

September 2011
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Jets in HHWW-=lvqgqg

JES uncertainty enters the
signal efficiency systematic via
— Tight cut on the invariant mass

of the W—>qqg candidate (see
plot)

— Missing E; measurement

Large JES systematic
uncertainty: =17%

Note: the background
uncertainty is not a big issue in
this analysis, since the
background comes from a fit

%16000__|||| LU LI | IIII|IIII|IIII|IIII__
O - ignal (x ]
S14000F g oo
~ B | - ¢ Data ]
_,(21 2000_ : top —
= C - W/Z+jets ]
C Multi-jet .
IJ>.I1 OOOO:_ i - ] Dibossjons _:
S000F FHER, Ho vjj+O0jet 3
o000 = L ATLAS -
4000 & [Ldt=1.041" 3
- fe, \s=7TeV -
2000 *0‘%* -
OZ*LA_A-!J_:-'LJILMII‘*?‘W

0 50 100 150 200 250 300 350 400

Dijet Mass [GeV]



Jets in HH>WW-=lvlv

9 LI ) 1 I T 1 1 I 1 LI | I 1 T 1 I T 1 T I T 1 T I T LI | I LI | 1 I T T 1 I 1 1 1
10_E ATLAS Preliminary o paa 2 s sysosiay
10 L Eww [ wzizzwy
Vg = 7 TeV, L dt = 1 70 fb E] tT I:I Single Top

H-WW-puvuyv Z+jets [[] WH+jets

Events are binned in jet
multiplicity (H+0j and H+1j), but
jets are not used for

Entries / 4 GeV
S}

{ 6
reconstruction of masses, etc 105 4 I H{150)
184 ‘ Pythia Z MC
Jet uncertainties affect 10°E ‘ (Analysis default is Alpgen)
migration between jet bins 102 ESmm
10

Control samples attempt to

-1
mitigate effect of jet 10_2
systematics on the background 102 . —
estimates = |
-.c\g 1 5 ............................................................................................................................ :E
Jet calibration can affect the a 1 T 1
METI and a CUt On MET 05 |||I...l...l...[...T...Ill.]. B lllllll—:
suppresses the Z background by 0 20 40 60 80 100 120 140 160 180 200
a large factor in this analysis miss
ET,reI [GGV]
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H->Z7Z -> llqg/llvv

 Two relevant channels: H->7Z ->llgg and H -> ZZ -> llvv

* H->ZZ->llqq § | FATLASTRctal T L
— Anl'l-kT R=0.4 (EM+JES) 2 Lo — TouiMc
- ijet 2 25 GeV g 104 — giboson
L —— Multijet
- | n jet | <25 10° — Signal (m =300 GeV)

— |JVF| >0.75
— E,Miss <50 GeV

— Calculation uses “signal” muons for MET _ : [ [

muon term e _ JJ”Ml il

— B-tagging used to create event categories 02040 60 80 100120140160180200220240
* H->ZZ->llw Ef [GeV]

— Anti-k; R=0.4 (EM+JES)

— B-jet event veto

— py®t>20 GeV (25 GeV for b-tagged jet veto)
— [Nl < 4.5(2.5 for b-tagged jet veto)

— E;™ss calculation using only “signal” muons for MET muon term
* Cut threshold depends on Higgs mass hypothesis
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H->Z7Z -> llvv/llgq

Impressions:
* Pileup:

— Suppressing pileup is essential
* See e.g. joint jet-tracking meeting contribution on JVF:

ttps://indico.cern.ch/getFile.py/access?
subContld=3&contribld=1&resld=0&materialld=slides&confld=147426

* E.MsS reconstruction:

— Systematic uncertainty recipe seems to overestimate
true uncertainty — MC/data agreement much better
than estimated uncertainty

— Moving towards using METRefFinal in this analyses
would be welcome (status?)



BR(h)

10

10

|
o

Going beyond the SM Higgs

In the MSSM, 2 Higgs doublets give 5 physical particles
— Three neutral: h, H (CP-even), A (CP-odd); two charged: H*

Important parameters: m,, tan = v1/v2

As tan B increases, Higgs decays to b quarks and tau leptons enhanced
over vector bosons

Analyses below looking for charged Higgs — clear sign of new physics...

= | I [ T 1 { || I_ I T 1 I | L I I = l = T T1 I T T T T T 1713 ]. F |
g bb 19 . F b I
" BR(h) 1 < [BRA n T
'IOB:‘%O . E —tUB_gO . E -
| © . - WW—, 4 [=a) sP =~ o i
TT i .
A -1 + - -1
=3 = 10 — 1 — 10 = =
: —gg 7 - - : :
i 774 ] B i i ]
| «—cC | i i L b 1
2 s 2 I——
3 E 10 & = 10 E s =
- : - - F :
B oo N - oo i - i
~ “~-..058 - » NGl _ - -
B T R Gl 4 A i pN ] g i
SN ~.
||||||||||||||~||(| 10'3 Loy \r vl 10'3 |
60 80 100 120 140 50 100 200 500 1000 100 500

M, [GeV] M, [GeV] M, [GeV



Events / 20 GeV

+
H ‘> ThadV

18F -
16 — m,, =130 GeV =
14+ — JES down —
12 :_ [ — JESup _:
10F — =
8 -
6 =
4r 3
2 =
0 - e b b e b T s L =
0 50 100 150 200 250 300

m, [GeV]

Production channel: tt -> bWbH*-> bqq br, v

Final discriminant: transverse mass m{(t+MET)

Jet Energy Scale systematic uncertainty up/down variation
Shows strong dependence
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H*->1,,,v hadronic top channel

Production channel: tt -> bWbH*-> bqq bt v

Jet Energy Scale systematic uncertainty up/down variation
Left: signal 130 GeV, right: dominant background ttbar
Final discriminant: generalized m(H*)

180_I LI L L LI L LI L IIIIIII III_ : :
160~ ] 9003— _f
- — signal ] F — tibar =
140~ — signal_up — 800 yipar vES down =
- — signal_down ] E — tibar JESu =
120 |— ] 7OOE . " =
100] m 600 E
B ] 5001 —
80_— —_ = 3
- 7 400:— =
o0 3 E
401 E 200F- =
3 E 1001 = -
O——.—..|...|—.—..|........|...|...|;|.|..— O_ P IR R AR AR A B
0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

F
T
[0
)
S
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Jet Energy Scale and Jet Resolution



Jet energy scale

Top:

* mjj for W->jj in top events

* Cuts used: pTjet > 25 GeV, n <
2.5

 The JES uncertainty seems
overestimated

Bottom:

e Effect of JES uncertainty on
WH->lvbb analysis expected
limit (1fb-1)

* Note CMS quote 1% rather
than our =7%

e B-tag efficiency systematic is
still dominant (=16%) — can we
improve on it?

Entries / 5 GeV

B cxpected, no systematics

[ T T T T T T Il T R I T T T T T I T T T T _]
- ATLAS Preliminary e data .
7005_ f L dt=2.05 fb" —xta' MC
600 —Top ]
C Diboson
500 —— Multjet
- E —Z ]
400 o —
3001 =
200 =
100 if —
O_ " | h |
0 250
MJ'J'
ES
© L
S 18
E [
Zg! 16—
14:—
ol L
10 :_ ____________ I <xpected, all systematics

8

IR cxpected no JES systematics
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B-jet energy scale

H->bb Monte Carlo

Dashed line shows JES-
corrected m,, peak

B-jet energy scale set
through p-dependent scale
factor

Used in WH/ZH->bb and H-
>ZZ->llqq analyses

Not perfect, can still be
improved!...

Entries / 10 GeV

o
9]
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

L JR—

ATLAS Preliminary

T | T T T T
ZH — llbb (scaled)

ZH — lIbb (unscaled)
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50

L
100
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Jet resolution effect on di

* Focusing on the WH -
> lvbb example

* Very large di-jet mass
resolution (=20GeV)

* Any improvement
would lead to better

significance

-jet mass

WH m(H) = 110GeV signal [ WH m(H) = 115GeV | signal
= Entries 21 —~ F Entries 21
s F s F
14 Mean 101.4 207~ Mean 105.5
2 RMS 19.97 2 RMS 20.97
g1.2[— 20.6
[T Constant 1.425 = 0.687 [T Constant 0.7237 = 0.6755
1 Mean 101.8 = 10.1 Qs Mean 107.420.7
o Sigma  18.13: 10.16 F Sigma 19.31:21.13
0.8 04f
06 03f
04l 02fF
o2 0.1
0 E L L 0 E fi ol L L —
200 250 50 100 150 200 250
GeV GeV
WH m(H) = 120GeV signal [ WH m(H) = 125GeV | signal
—0.7 Entries 21 -~ F Entries 21
27 e @ |t
 F Mean 109.5 =~ F Mean 1171
YN 205
£0.6— RMS 20.82 £°°L RMS 20.97
s s
frr o Constant 0.6389 + 0.6785 I r Constant 0.5533 + 0.6608
osE Mean 112.2: 235 @4 Mean 118.9+ 27.0
F Sigma 19.25 = 23.91 [ Sigma 19.6 = 26.3
0.4 L
F 03
03 E
F 02
02 [
C 01
0.1 [
ok PP M| 1 — oE s P IR | 1 —
50 100 150 200 250 50 100 150 200 250
GeV GeV
WH m(H) = 130GeV signal [ WH m(H) = 140GeV | signal
~ F Entries 21 — Entries 21
s F @25
-~ F Mean 118.2 - I Mean 129
935 =S e
2 F RMS 23.91 2 r RMS 26.53
§ F 5 |E
u>.|o_3 :— Constant 0.3854 = 0.6190 no.2— Constant 0.2488 = 0.5829
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025~ Sigma 22.25 + 38.95 o5 Sigma 25.09 + 58.97
02F [
0.15F 01
0.1 r
E 0.05—
0.05F r
oE 0

50 100

150

200 250
GeV

200 250
GeV




Attempt at conclusions



Missing Energy

Feeling is it would be good to use METRefFinal

Major drawback is that it depends on definitions
of many objects — muons, electrons, jets

Not clear How to deal with analysis-dependent
object selections

There’s a feeling that the systematic uncertainty
is overestimated



Jet reconstruction

* JES systematic uncertainty also seems to be
over-estimated

* Can we optimize jets for kinematic region of
interest? How?

 CMS uses energy-flow jets — could we benefit
from something similar?



Finally...

 What is clear is that good ATLAS physics can
only come from good reconstruction
performance! We're all in the same boat!

e ...aslsaid in the beginning, this is not the end
of the discussion, just the beginning (the end
of the beginning?)



Backup slides



Including the Tevatron...

Tevatron Run Il Preliminary, L < 8.6 fb'1

95% CL Limit/SM

100 1101120 136”iro 150 160 170 180 190 200
mH(GeV/c )

115 130 140

=115 GeV: CMS and ATLAS see small excess — inconsistent w. Tevatron
=130 GeV: Tevatron and ATLAS see some excess

~140 GeV: Tevatron, CMS and ATLAS see some excess

Though CMS, ATLAS prefer very small signal (CMS best fit is 0.6*SM)
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Backup info for H->yy

e H->yy+ N jets:

— See e.g. talk by Taiki Yamamura here:
https://indico.cern.ch/conferenceDisplay.py?confld=152120

— Jet selection:
* |Njeel<4.5
 jet variables (D3PD):
* AntiKt4TopoEM
* jet_AntiKt4TopoEM_pt [E,eta,phi]
— Njet reweighting:
* MC used is yy and yj from Alpgen and Pythia

* See e.g. talk by Olivier Davignon here:
https://indico.cern.ch/conferenceDisplay.py?confld=152120

* Initial H->yy + MET study:
https://indico.cern.ch/conferenceDisplay.py?confld=143672

Hadronic Calibration Workshop - SLAC
September 2011
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Backup info for H->bb

/H:
* Trigger:
— e (p:>20GeV) or u
(p*>18GeV)

— 2e/2u trigger (p;>12GeV)

* Exactly 2 leptons p; >
20GeV

— Opposite charge for u

* Zmasscut: 76 <m; <106
GeV

* E,Mss <50GeV
 Two leading jets b tagged

Ricardo Goncgalo

WH:

Hadronic Calibration Workshop - SLAC
September 2011

Trigger: e (p£>20GeV) or
L (p;">18GeV)

Exactly 1 lepton — p; >
25GeV

M;= V2p;'p;Y(1 - cos
A, ) > 40 GeV
E,Miss > 25GeV

Exactly 2 jets (anti-k; 0.4;
E; > 25GeV) to reduce top
background

Both jets b tagged
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Comparison with CMS H->bb Note

CDS record: http://cdsweb.cern.ch/record/13766367?In=en

Subjective impression: i
. & [ —e— Observed (CLs) “
— Looks as clever as our own analysis but better 31200 L Expected (CLs) det=1.04 tb”, \s=7 TeV
optimized §1002 N VHL Hos bb
. - . e =< '
Some different strategic choices: = T ATLAS Preliminary
— Included ZH->vvbb — best significance channel (S/V(S s &
+B) =0.25 @ m=115GeV) 8 60:_
— B-jet selection: C
» 1 tight b-jet & 1 loose b-jet a0
* Used sum of b-tag weights to select H->bb jet pair (Zp, F e
for (Y 200 [ e
— Selected a more boosted topology (but no jet :"‘I | .. o
substructure analysis): 110 115 120 125 &
* Cut on vector boson and Higgs p; allows cut on Ad(V,H) %
— Used m(H)-dependent m(bb) cuts 40 — I
— Used BDT: 10-20% improvement in each channel wrt $ . CMSPreliminay | E
c - Ne§=7TeV,L=141fb" ; m
cut-based S E  VH(bb), combined : .
. 3 . pe D . E 30 _e— CL  Observed ]
According to note some significant differencesin = b = CLs Expected E
performance: S eeeazz0 g
— Better di-jet mass resolution s | | -
— Better JES and b-tagging uncertainties BE E
10— =
0™ ‘11iO‘ = ‘1‘;5‘ = ‘1é0‘ = ‘155‘ = ‘11;0‘ — ‘135‘

Higgs Mass [GeV]



Comparison between CMS’ LP2011 results and our EPS2011 CONF note

Channels Included ZH->vvbb channel (best significance)

Multivariate Boosted Decision Tree: = 10 — 20% improvement in each channel
Monte Carlo Hwg++/Powheg (NLO) for signal; Madgraph for some backgr
Trigger: Used particle flow for MET triggers & # triggers for # run periods

some work spent  WH: mul7, e22 2j30 j25 xel5
optimizing this, Z(IH: mul7, el7i_eS8i

esp. e triggers Z(vv)H: j20 OR xe150

Missing energy Particle-flow based MET and MET significance

Jets Particle-flow jets: p;> 30 GeV (WH), 20 GeV (lIbb), 80/30 GeV (vvbb)

Pileup rejection JVF-like algorithm plus calo-based algorithm

Leptons p# > 20GeV, p;2>20(ZH)/30(WH)

B-tagging Similar to IP3D+SV1; 1 tight (e=50%) b-jet & 1 loose (e=72%) b-jet
Used sum of b-tag weights to select H->bb jet pair (2p/®t for WH)

Other cuts Cut on Ad(V,H) in conjunction with p;¥ and p;*® (= 100-160 GeV)
m(bb) window cuts: m, + 15 GeV

m(H) Efficiency of m,, window cut (m,+15GeV) =75-80%

reconstruction If normal distr. => 1.2xco(bb), i.e. o(bb)=13 GeV (20GeV for us)

Systematics Similar except: JES (1%) & of b-tagging (10%) — (9% & 16% for us)



Alternative to inclusive channels: search for high-pT Higgs to bb:

— J. M. Butterworth, A. R. Davison, M. Rubin, and G. P. Salam, Phys. Rev. Lett. 100
(2008) 242001, arXiv:0802.2470 [hep-ph]

p;">200GeV = 5% of inclusive cross section but |mproved S|gn|ﬁcance

Select W—Ilv events and
search fora H—bb jet ass arop e
1.  Search for high-p; jet
(Cambridge-Aachen

algorithm, R=1.2)
2. Search jet clustering

ATLAS Preliminary
140 -e- Data

160

Jets /10 GeV

history in reverse and look Ww
120 Nt
for large mass drop 1 B W-jets

3. Re-cluster with small R 100

parameter to find sub jets fL dt =0.611b™

. Peak consistent with
W—jj in tt events

Proof of principle for
future analysis

See talk by Adam Davison next %O 40 60 80 100120 140 160 180200220
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H->WW backup info

H->WW->lvqq cuts:
Leptons:
— p;'®* > 20 GeV (isolated)
|Niep| < 2.47 (e, excl. crack) / 2.4 (p)
Jets & MET:
— Anti-k; R=0.4 (calibrated topoclusters, EM+JES)
— p{t>25GeV
— |r]jet|< 4.5
— E,™>30 GeV
H->WW-=Ilvqq
— JES systematic uncertainty important
H->WW -> |vlv
— Jets & E;mss:
— Anti-k; R=0.4 (calibrated topoclusters, EM+JES)
— Uses B-jet veto

— Does not use JVF cut in current results — but will use soon )(see Haifeng Li’s
contribution to JVF session)

— Uses E;™ projection (E; ™)



H*->1,,,v semi-leptonic top channel

‘ tTIl_mt2_Hside1 |
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Production channel: tt -> bWbH*-> blv bt v
Jet Energy Scale systematic up/down variations
Left: Final discriminant: generalized mT2(H+)
— Top: signal 140 GeV; bottom: dominant background ttbar

Bottom: cos*6 Important discriminating variable, also
used for background normalization

— Center: signal 140 GeV, right: dominant background ttbar
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m, (H)

UNI
FREIBURG

Novel method for the 3-neutrino-case:
H+ -> v with T->1lvv

Maximize (u#)? - max [(p + p™issy2]
. I pn\le le\
(1 constraint, o2 , }
. l(l) +I)+,7)—"f|'l‘ >1400’—IIVIIIIIIII[ll:ll.lll'l'll.llllll']lllllll
2 Varlables) 8 - ATLAS Preliminary (Simulation)

12001 === Br(t — bH*) = 0 (SM)
- = Br(t — bH") = 15%

By construction:
m(W) <m_(H)<m(top) [background], 200

m(H+)<m_ (H)<m(top) [signal]

Illllllllllllllllllllllllll

)
) =1000- o qe
Solution: s mMH)=130GeV
800 Part :
4 . 2 5 C arton
(Hl?)z — ( \/"'Fop + ‘ﬁ?{ + P ) 4+ I’ mnss [.”7)') - ([7 + ]’ mlss) 600}
400

=

20 40 60 80 100120140160180200
Transverse mass m} [GeV]
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5 =
cos 0 =
_9_
.. . 4,
For W — lv, angle of lepton momentum wrt the helicity axisin  Du
the W rest frame:
Y m?2 11l .
Cogg*:#_lzw—'p_]
[ ’,Ilz()]—”l:la/ l"ﬁ) _l”%‘; 81200]I'lIIIllllllllll.l"lllll]II'I]IIII.IIII‘I
I P S ATLAS Preliminary (Simulation)

== Br(t — bH") = 0 (SM)

mm Br(t — bH') = 15%
m(H") = 130 GeV

Event

* Here, discrimﬁnatory power

1s mostly a mass (H+ vs W) effect
* Also suppresses direct Parton level

lepton wrt T — lvv

FU TN TN N T N N T T T N T T T N T T N N

Q1 -0.8-0.6-04-0.2 0 02040608 1

cose}
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