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Decays to bottoms
{tH production
Higgs in cascades
Analysis errors.
Higgs couplings

Higgs hypotheses

Higgs decays to bottoms

H — bb as of 2007  [2/3 of all Higgses at 120 GeV]

gluon-fusion: killed by QCD background (cms: s/8 ~ 1/80]

WBF H: no trigger, killed by QCD backgrounds  (wH, ~H might work]
VH: killed by low rate and NLO background

ttH: killed by combinatorics etc
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Higgs decays to bottoms

H — bb as of 2007  [2/3 of all Higgses at 120 GeV]

— gluon-fusion: killed by QCD background [cms: s/8 ~ 1/80)

— WBF H: no trigger, killed by QCD backgrounds  (wH, ~H might work]
— VH: killed by low rate and NLO background

— ftH: killed by combinatorics etc

Changing everything [Butterworth, Davison, Rubin, Salam; Seymour...]

— S:large my, boost-dependent Ry,
B: large my,, only for large Ry
S/B: large my;, and small Ry, so boosted Higgs

— fat Higgs jet Rpp ~ 2my/pr < 1
— qq — VgHp viable [or > 300 GeV, few % of rate]
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Higgs decays to bottoms

H — bb as of 2007  [2/3 of all Higgses at 120 GeV]

— gluon-fusion: killed by QCD background (cms: s/8 ~ 1/80]

— WBF H: no trigger, killed by QCD backgrounds  (wH, ~H might work]
VH: killed by low rate and NLO background

ttH: killed by combinatorics etc

Changing everything [Butterworth, Davison, Rubin, Salam; Seymour...]

— S:large myp, boost-dependent Ry,
B: large my,, only for large Ry,
S/B: large my, and small Ry, so boosted Higgs

— fat Higgs jet Rpp ~ 2my/pr < 1
- qE] — VgHb viable [pT Z 300 GeV, few % of rate]
= non-trivial challenge to jet algorthms

| os/fo | osffb | S/VBso

C/A, R =1.2, MD-F 0.57 0.51 4.4
ki, R=1.0, yeu 0.19 0.74 1.2
SISCone, R =0.8 0.49 1.33 23
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Higgs decays to bottoms

H — bb as of 2007  [2/3 of all Higgses at 120 GeV]

VH production

combined channels V — ¢4, vv, bv

[bbV notorious, not from data alone]
Z peak as sanity check

confirmed to 20%
subjet b tag excellent  [70%1%]
charm rejection challenging
my + 8 GeV tough

— improvements possible  [soper, Spannowsky]
= crucial for Higgs sector studies

sNB=21
14Ein 112-128Gev

Events / 8GeV / 30ft

Events / 8GeV / 30fb"

gluon-fusion: killed by QCD background (cms: s/8 ~ 1/80]
WBF H: no trigger, killed by QCD backgrounds  (wH, ~H might work]
VH: killed by low rate and NLO background
ftH: killed by combinatorics etc
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Doeeys (e LS Long death of ftH, H — bb  (Cammin & Schumacher, CMS-TDR and Atlas-CSC worse]

{tH production — trigger: t — bW* — betv EOQA
Higgs in cascades reconstruction and rate: T — bW~ — bjj H
Analysis errors — continuum background ﬁb[_), ﬁjj [know at NLO] E”
Higgs couplings

— no chance:

Higgs hypoth ; i j
10gs hypotheses 1— combinatorics: myy, from pp — 4bag 2j Lv

005}
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Associated top-Higgs production

Long death of ftH, H — bb  [Gammin & Schumacher, GMS-TDR and Atlas-GSC worse]

- trigger: t — bW+t — blty ~
reconstruction and rate: t — bW~ — bjj
— continuum background {tbb, ttjj  know atNLO]
— not a chance:
1— combinatorics: my in pp — 4byag 2j Lv
2— kinematics: peak-on-peak
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Long death of ﬁH, H— bB [Cammin & Schumacher, CMS-TDR and Atlas-CSC worse]
Decays to bottoms

{tH production — trigger: t — bW+ — bttv § M?
Higgs in cascades reconstruction and rate: t — bW~ — b]] s
Analysis errors — continuum background ﬁb[_), ﬁjj [know at NLO] E
Higgs couplings — not a chance:
Higgs hypotheses 1— combinatorics: my in pp — 4bgag 2j Lv
2— kinematics: peak-on-peak
3— systematics: S/B ~ 1/9 (s/VEBirelevany ol b ben B ks

Number of choices

5
8

[JttH(120)
Rt

[l ttbb (QCD)
Ettbb (EW)

8

Events / 10 GeV
& 3

3

200 250 300 350 40

m,, (GeV)
£ e ToR
Z | % wiktons resonsrucien
» 7| LH high lumi
| 3 CH reaistic fow lumi)
o
e
e
1 p
!
o 100 110 120 13

140
m,, (GeV)



Higgs news

Tilman Plehn

Decays to bottoms
ttH production
Higgs in cascades
Analysis errors
Higgs couplings

Higgs hypotheses

Associated top-Higgs production

Long death of ﬁH, H— bB [Cammin & Schumacher, CMS-TDR and Atlas-CSC worse]

- trigger: t — bW+ — blty ~
reconstruction and rate: t — bW~ — bjj
— continuum background {tbb, ttjj know atNLO]
— not a chance:
1— combinatorics: my in pp — 4bag 2j tv
2— kinematics: peak-on-peak
3- systematics: S/B ~ 1/9 (s/vBirelevant]

New analysis

— tagged (boosted) top and Higgs
trigger on lepton

— add’l continuum b tag [remove Higgs' as t; — bplus QCD]

— side bin in continuum {tbb

per1fb! signal fiZ tibb  fi+jets
events after acceptance 241 6.9 191 4160
events with one top tag 10.2 29 704 1457
events with mp, = 110 — 130 GeV 29 | 044 126 116
corresponding to subjet pairings 3.2 | 047 138 121
subjet pairings two b tags 1.0 | 0.08 23 1.4
including a third b tag 0.48 | 0.03 1.09 0.06
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Associated top-Higgs production

Long death of ﬁH, H— bB [Cammin & Schumacher, CMS-TDR and Atlas-CSC worse]
- trigger: t — bW+ — blty ~
reconstruction and rate: t — bW~ — bjj
— continuum background {tbb, ttjj know atNLO]

— not a chance:
1— combinatorics: my in pp — 4bag 2j tv
2— kinematics: peak-on-peak
3- systematics: S/B ~ 1/9 (s/vBirelevant]

New analysis

— tagged (boosted) top and Higgs 06 | dojdmyg (/5 Gev] HH -
trigger on lepton AN

; X ttjg v
— add’l continuum b tag

[N\

— side bin in continuum {tbb 02 Ny
my | s s/B  S/VB A\ &\W\\
115 | 57 1/21  52(57) 06 | do/dmyg (/5 GeV] T —
120 | 48 1/2.4 45 (5.1) HZ oo
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[N\

my; [GeV]



Higgs news

Tilman Plehn

Decays to bottoms
ttH production
Higgs in cascades
Analysis errors.
Higgs couplings

Higgs hypotheses

Higgs and top tagging

Higgs tag for busy QCD environment (TR, salam, Spannowsky]

— uncluster one-by-one: j — ji + jo
1-unbalanced m;, > 0.8m; means QCD; discard j»
2—soft m;, < 30 GeV means QCD; keep ji

— double b tag [possibly add balance criterion]
three leading J = pr 107,2(ARs2)* vs mii}
no mass constraint — side bin
— jets everywhere; underlying event and pileup deadly
filter reconstruction jets [Butterworth—Salam]
decay plus one add'l jet at Ry ~ Rj/2
reconstruct masses w/ QCD jet
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Higgs tag for busy QCD environment  [1r, salam, Spannowsky]

Decays to bottoms

{tH production — uncluster one-by-one: j — ji + jo

Higgs in cascades 1-unbalanced m;, > 0.8m; means QCD; discard j»
Analysis errors 2— soft m;, < 30 GeV means QCD; keep j

Higgs couplings — double b tag [possibly add balance criterion] )

Higgs hypotheses three Ieading J= pT,1PT,2(AR12)4 Vs mg'})

no mass constraint — side bin

— jets everywhere; underlying event and pileup deadly
filter reconstruction jets [Butterworth-salam
decay plus one add'l jet at Ry ~ R;/2
reconstruct masses w/ QCD jet

Standard Model top tag (TP, salam, Spannowsky, Takeuchi]

— known for heavy resonances [Johns Hopkins, Stony Broot)(,QPrincelon, Washington, Michigan, Atlas,...]

— testable top tagger?

— start like Higgs tagger (=15 ] "
kinematic selection (atter fitering] 015 45
mie¢ = 150...200 GeV
myf = 60...95 GeV
additional Mip constraint  fieam from single tops] 0.05

— no side bands to check )

60 80 100 120 140 160 180 200 220

miy m}
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Higgs tag for busy QCD environment  [1r, salam, Spannowsky]

Decays to bottoms

{tH production — uncluster one-by-one: j — ji + jo

Higgs in cascades 1-unbalanced m;, > 0.8m; means QCD; discard j»
Analysis errors 2— soft m;, < 30 GeV means QCD; keep j

Higgs couplings — double b tag [possibly add balance criterion] )

Higgs hypotheses three Ieading J= pT,1PT,2(AR12)4 Vs mg'})

no mass constraint — side bin

— jets everywhere; underlying event and pileup deadly
filter reconstruction jets [Butterworth-salam
decay plus one add'l jet at Ry ~ R;/2
reconstruct masses w/ QCD jet

Standard Model top tag (TP, salam, Spannowsky, Takeuchi]

— known for heavy resonances [Johns Hopkins, Stony Brook, Princeton, Washington, Michigan, Atlas,...]

— testable top tagger? 40°

— start like Higgs tagger r-15] s
kinematic selection [after filtering] g
miec = 150...200 GeV »

myf = 60...95 GeV
additional my, constraint fieam from single tops]

— no side bands to check

10°
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Higgs tag for busy QCD environment  [1r, salam, Spannowsky]

Decays to bottoms

{tH production — uncluster one-by-one: j — ji + jo

Higgs in cascades 1-unbalanced m;, > 0.8m; means QCD; discard j»
Analysis errors 2— soft m;, < 30 GeV means QCD; keep j

Higgs couplings — double b tag [possibly add balance criterion] )

Higgs hypotheses three Ieading J= pT,1PT,2(AR12)4 Vs mg'})

no mass constraint — side bin

— jets everywhere; underlying event and pileup deadly
filter reconstruction jets [Butterworth-salam
decay plus one add'l jet at Ry ~ R;/2
reconstruct masses w/ QCD jet

Standard Model top tag (TP, salam, Spannowsky, Takeuchi]

— known for heavy resonances [Johns Hopkins, Stony Brook, Princeton, Washington, Michigan, Atlas,...]
top inside R=1.5
— testable top tagger? -

inside fatjet
e

— start like Higgs tagger (r-1.5) ol I,__r——'“
kinematic selection (atter fitering] r—‘
mie¢ = 150...200 GeV oo |

mise = 60...95 GeV S

additional my, constraint fieam from single tops]
— no side bands to check

: ‘ ‘
200 300 400 5
p,lGed]
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Beeas BEEES Higgs in cascade decays (kribs, Martin, Roy, Spannowsky]

{tH production

idea: find Higgs in cascade decays [cambridge]
BSM sample after missing energy or hard ~ cut
Higgs tag over the remaining event

Higgs in cascades

Analysis errors

Higgs couplings

Higgs hypotheses — side bin analysis in Mpp Bb invariant mass, L = 10 fb",\5 = 14 TeV |
—_ Wt + jets
more to follow... & =w+'§:
. Z +bb
= What about in real data...? 3 ;v}li;;
§ Wsusy
2
H
s
b
£
2

100 120ME‘:0 160 180 200
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Analysis errors

Worries about H — ~+ etC  [Anastasiou, Dissertori, Grazzini, Stockli, Webber; Anastasiou, Melnikov Petriello]

following Andy’s talk...
used to be easy: double side-bin analysis

learning from Tevatron H — WW: pr 1, ¢¢¢ and Nigts in NN
combine ‘slices’ of side-bins

typical tool to improve 3o to 50

NN training tool for signal/background and theory uncertainties?

sensitive to pr resummation tricky S

sensitive to first jet challenging 7 \ \ \
sensitive to n jets a nightmare ‘ MESTR00 VL0 ]

Mr = Mp = my
my = 160 GeV

" (1/GeV)

1/0 do/dp!
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Analysis errors

Worries about H — ~+ etC  [Anastasiou, Dissertori, Grazzini, Stockli, Webber; Anastasiou, Melnikov Petriello]

following Andy’s talk...
used to be easy: double side-bin analysis

learning from Tevatron H — WW: pr 1, ¢¢¢ and Nigts in NN
combine ‘slices’ of side-bins

typical tool to improve 3o to 50

NN training tool for signal/background and theory uncertainties?

sensitive to pr resummation tricky o5 o H e

sensitive to first jet challenging : w w w
Sensitive to n jets a nightmare resummed MRST2001 LO, MRST2004 (N)NLO

My =y = my
my = 160 GeV

T (1/GeV)

1/0 do/dp!
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Analysis errors

Worries about H — 7y elC [Anastasiou, Dissertori, Grazzini, Stockli, Webber; Anastasiou, Melnikov Petriello]

following Andy’s talk...

used to be easy: double side-bin analysis

learning from Tevatron H — WW: pr y, ¢¢r and Nigts in NN
combine ‘slices’ of side-bins

typical tool to improve 3o to 50

NN training tool for signal/background and theory uncertainties?
sensitive to pr resummation tricky

sensitive to first jet challenging

sensitive to n jets a nightmare

combination of scale uncertainties [revatron]
AN 5% 24% 491% 420.0%
- = 60%: (79%) +29% - (43%) +11%- (744%) = (715.9%)

adding stat’l significance at high pr
pull degrading from theory error
dangerously small individual S/B

advanced analyses finally getting me scared... iil?]
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Decays to bottoms Higgs-sector analysis [Zeppenfeld, Kinnunen, Nikitenko, Richter-Was; Diihrssen et al.]

{tH production

optimistic LHC scenario: everything working and good data
Higgs vs. scalars? SM vs MSSM? doublet vs. general Higgs?
light Higgs: 10 main channels (o x BR)

measurements: GF : H — ZZ, WW, ~~
WBF : H — ZZ, WW, vy, 17
VH: H — bb [Buﬂerwonh,_Davison, Rubin, Salam]
ttH : H — v, WW, (bb)...

parameters: couplings W, Z,t,b, 7,9, plus my)

Higgs in cascades

Analysis errors.

Higgs couplings

Higgs hypotheses

8

5 ra=amt L i

£ (no K-factors) A Ho.zZ0 Lol
5 ATLAS H o~ ww® iy
2 w07 qoH - gqww®
5 4 qgH - qqm

@ Total significance
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Higgs coupling analysis

Higgs-sector analysis [Zeppenfeld, Kinnunen, Nikitenko, Richter-Was; Diihrssen et al.]

optimistic LHC scenario: everything working and good data
Higgs vs. scalars? SM vs MSSM? doublet vs. general Higgs?
light Higgs: 10 main channels (o x BR)

measurements: GF : H — ZZ, WW, ~~
WBF : H — ZZ, WW, vy, 17
VH: H — bb [Buﬂerwonh,_Davison, Rubin, Salam]
ttH : H — v, WW, (bb)...

parameters: couplings W, Z,t,b, 7,9, plus my)

Total width and gppy

— degeneracy o BR o (g5/+/Th) (95/vVTH) = C >0
— bad scaling , .
g

. g .
C=1lm ==1Im —————— =0
@2—0 Tn  g2—o 92(Tvis/9?) + Tx

means constraint: 3" T;(g?) < Ty — T4lmin
- WW — ww Unitarity: IWwwH S gsV’\cVH — rHlmax
— fornow 'y = 3" T, s0 H — bb crucial
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Errors

Sources of uncertainty

statistical error: Poisson
systematic error: Gaussian, if measured
theory error: not Gaussian

LHC rate 10% off: no problem

LHC rate 30% off: no problem
LHC rate 300% off: Standard Model wrong

means theory likelihood flat centrally and zero far away

profile likelihood construction: RFit [ckwmFiten
—2logL=x*=x} C' Xa
0

pr theo,
Xa,i = { 6 = &i| — o

(exp)

g

useless if statistics dominated

theory errors — same initial states

systematic errors — same final states
27?7

d; — al| < U;theo)

ldi — d| > 0",
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Higgs couplings

SFitter analysis [Diihrssen, Lafaye, TP, Rauch, Zerwas]

all couplings varied around SM values gnxx = gf,)“ﬂx (1 4+ dpxx)

duxx ~ —2 means sign flip gy > ofied

need assumption about loop-induced couplings gggr, 9~ H

likelihood map and local errors from SFitter

experimental/theory errors on signal and backgrounds  (do not ask theorists!]

luminosity measurement

detector efficiency

lepton reconstruction efficiency
photon reconstruction efficiency
WBF tag-jets / jet-veto efficiency
b-tagging efficiency

T-tagging efficiency (hadronic decay)

lepton isolation efficiency (H — 4¢)

5%
2%
2 O/O
2 0/0
5%
3%
3%
3%

o (gluon fusion)

o (weak boson fusion)
o (VH-associated)

o (ft-associated)

13 %
7%
7%
13 %
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Higgs couplings

SFitter analysis [Diihrssen, Lafaye, TP, Rauch, Zerwas]

all couplings varied around SM values gnxx = gf,)“ﬂx (1 4+ dpxx)
duxx ~ —2 means sign flip gy > ofied

need assumption about loop-induced couplings gggr, 9~ H

likelihood map and local errors from SFitter

experimental/theory errors on signal and backgrounds  (do not ask theorists!]
error bars for Standard Model hypothesis  [smeared data point, 30—

coupling without eff. couplings including eff. couplings
Tsymm Oneg Opos Tsymm Oneg Opos
SWWH +0.23 —0.21 +0.26 +0.24 —0.21 +0.27
OzzH +0.50 —0.74 +0.30 +0.44 —0.65 +0.24
Oty +0.41 —0.37 +0.45 +0.53 —0.65 +0.43
OpbH +0.45 —0.33 +0.56 +0.44 —0.30 +0.59
Or7H +0.33 —0.21 +0.46 +0.31 —0.19 +0.46
Oy H — — — +0.31 —0.30 +0.33
SggH — — — +0.61 —0.59 +0.62
my +0.26 —0.26 +0.26 +0.25 —0.26 +0.25
mp +0.071 —0.071 +0.071 +0.071 —0.071 +0.072
mg +1.00 —1.03 +0.98 +0.99 —1.00 +0.98
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One-dimensional distributions to check....

Decays to bottoms

{tH production 1— noisy environment preferring profile likelihoods o effective couplings, 30 11

Higgs in cascades

Analysis errors
Higgs couplings
Higgs hypotheses
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Higgs couplings

One-dimensional distributions to check....

1— noisy environment preferring profile likelihoods o effective couplings, 30 11
2— higher luminosity quantitatively different o effective couplings, 30 vs 300 1]

1 o0 1 2 35 3 1 1 35 -3 -1 1 3
HWW Hit Hbb
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Higgs couplings

One-dimensional distributions to check....
1— noisy environment preferring profile likelihoods o effective couplings, 30 11
2— higher luminosity quantitatively different o effective couplings, 30 vs 300 1]
3— but not saving Bayesian statistics  no effective couplings, 300
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Higgs couplings

One-dimensional distributions to check....
1— noisy environment preferring profile likelihoods o effective couplings, 30 11
2— higher luminosity quantitatively different o effective couplings, 30 vs 300 1]
3
4

but not SaVing Bayesian statistics  [no effective couplings, 300 1]

theory errors not dominant for 30 fb—!  jwitn eftective couplings, 30 1o~ ']

-1 0 1 2
HWW Hit Htautau

= profile likelihood promising for 30 fb—!, errors a mess
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Refining Higgs hypotheses

Strongly interacting Higgs at LHC  [Espinosa, Grojean, Mahileitner]

looking like fundamental Higgs
all couplings scaled g — g+/1 — ¢
one-parameter fit in SFitter [sFitter + Bock, P Zerwas]

— 30 fb—! and 120 GeV Higgs: Ag/g ~ 10%
best around my ~ 160 GeV: Ag/g ~ 5%

-
|
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Refining Higgs hypotheses

Strongly interacting Higgs at LHC  [Espinosa, Grojean, Mahileitner]

looking like fundamental Higgs
all couplings scaled g — g/1 — ¢
one-parameter fit in SFitter [sFiter + Bock, P Zerwas]
— 30 fb—! and 120 GeV Higgs: Ag/g ~ 10%
best around my ~ 160 GeV: Ag/g ~ 5%
2- gauge couplings g — g/1 — ¢
Yukawas g — g(1 —2¢)/\/1—¢

— sign change of Yukawas, g,y correlated

-
|
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Refining Higgs hypotheses

Strongly interacting nggS at LHC  (espinosa, Grojean, Miihlleitner]

— looking like fundamental Higgs
1— all couplings scaled g — g/1 — ¢
— one-parameter fit in SFitter (sFitter + Bock, P Zerwas]
— 30 fb~! and 120 GeV Higgs: Ag/g ~ 10%
best around my ~ 160 GeV: Ag/g ~ 5%
2- gauge couplings g — g/1 — ¢
Yukawas g — g(1 — 2¢)//1 — €

— sign change of Yukawas, g, correlated

Higgs portal

universal scaling /1 — £ = cos x

— invisible Higgs decay measurable  (eboli & Zeppenteld]
two-parameter fit, project out IMyig

challenge to 30 fb—!
to appear soon...

0.1 0.4 0.7 1
2
€08 Xqata
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Outlook

Trying to understand Higgs@LHC

Higgs still an exciting field

decay to bottoms observable

analysis techniques and backgrounds?

parameter analysis the goal; what question to ask?
unfortunately, 30 fb—! still needed in SM
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