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STATUS – HH combinationSTATUS – HH combination
● Last Thursday, I presented HH combination on Last Thursday, I presented HH combination on 

Higgs plenary Higgs plenary and we had passed and we had passed closure closure 
approvalapproval

● https://indico.cern.ch/event/433602/https://indico.cern.ch/event/433602/
● CDS entryCDS entry

● [wwyy][wwyy]https://cds.cern.ch/record/1967498https://cds.cern.ch/record/1967498

● [bbττ][bbττ]https://cds.cern.ch/record/1967500https://cds.cern.ch/record/1967500

● [combination][combination]https://cds.cern.ch/record/1984111/https://cds.cern.ch/record/1984111/

● [paper draft]https://cds.cern.ch/record/2008753/ [paper draft]https://cds.cern.ch/record/2008753/ 

● All main issues have been solved so far, we can All main issues have been solved so far, we can 
move forward :)move forward :)

https://indico.cern.ch/event/433602/
https://cds.cern.ch/record/1967498
https://cds.cern.ch/record/1967500
https://cds.cern.ch/record/1984111/
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Recall the main issuesRecall the main issues

● Issues of:Issues of:

● p0 values @ 360 380p0 values @ 360 380
● p0 values @ 920 940 960p0 values @ 920 940 960
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Solved issues and updatesSolved issues and updates
● low mass region (260-500), we had data excess indicated by limits low mass region (260-500), we had data excess indicated by limits 

but p0~1 and mu_hat<0 @360,380but p0~1 and mu_hat<0 @360,380

● changed TS definition (signed one-sided discovery)changed TS definition (signed one-sided discovery)
● checked PLR curves, understood the destructive inference checked PLR curves, understood the destructive inference 

between bbyy and wwyy+bbtautau (thanks to Aaron)between bbyy and wwyy+bbtautau (thanks to Aaron)
● translate bbyy model from hfitter to histfactory in order to have translate bbyy model from hfitter to histfactory in order to have 

automated protection against negative pdfautomated protection against negative pdf
● high mass region (500-1000), we had p0 dropping to ~0.5 high mass region (500-1000), we had p0 dropping to ~0.5 

@920,940,960 which is not consistent with data deficit seen in @920,940,960 which is not consistent with data deficit seen in 
limitslimits

● rebinned histogram for fit in bbbb to avoid bins with zero data, rebinned histogram for fit in bbbb to avoid bins with zero data, 
zero bkg but non-zero signal (thanks to David)zero bkg but non-zero signal (thanks to David)

● understood the linear and less linear curves in bbbbunderstood the linear and less linear curves in bbbb
● interpretation on hMSSM and low-tb-high has strange structure interpretation on hMSSM and low-tb-high has strange structure 

due to jumping obs limits, after using finer theory mapdue to jumping obs limits, after using finer theory map

● properly draw disconnected obs exclusion regions instead of properly draw disconnected obs exclusion regions instead of 
manually modifying any TGraphmanually modifying any TGraph
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p0 and limitsp0 and limits
● One-sided One-sided 

discovery TS is discovery TS is 
set to 0 when set to 0 when 
mu_hat < 0mu_hat < 0

● Signed one-sided Signed one-sided 
discovery TS is discovery TS is 
notnot

● In this case, p0 In this case, p0 
values are less values are less 
than onethan one

● So now, p0<1 So now, p0<1 
consistent with consistent with 
obs limit>medobs limit>med

TSTS

360 GeV360 GeV

PreviouslyPreviously

NowNow
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PLR and limits PLR and limits 
● Obs limit > exp limit with mu_hat < 0Obs limit > exp limit with mu_hat < 0

● Observed bbtautau and WWyy interfere Observed bbtautau and WWyy interfere 
destructively with bbyy and bring the combined destructively with bbyy and bring the combined 
curve to lower -ln L values since they favor curve to lower -ln L values since they favor 
muhat ~0.6 and ~4.2, while the expected is OKmuhat ~0.6 and ~4.2, while the expected is OK

observationobservation expectationexpectation
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Change statistical framework - nosystChange statistical framework - nosyst
● bbyy originally built up its model in hfitter which bbyy originally built up its model in hfitter which 

does not have a protection against negative pdf; does not have a protection against negative pdf; 
so we translate the model into Histfactoryso we translate the model into Histfactory

● two bins, signal region and sidebandtwo bins, signal region and sideband

300GeV300GeV
NosystNosyst

AsymmptoticsAsymmptotics
hfitter:hfitter:
Median:   1.27806Median:   1.27806
Observed: 3.32702Observed: 3.32702
histfactory:histfactory:
Median:   1.27806Median:   1.27806
Observed: 3.32702Observed: 3.32702
exactly the sameexactly the same
mu_hat:mu_hat:
hfitter 1.37782hfitter 1.37782
+1.04903 -0.713787+1.04903 -0.713787
histfactory  1.37852histfactory  1.37852
+1.04833 -0.714492+1.04833 -0.714492
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Change statistical framework - allsystChange statistical framework - allsyst
● after adding all systematic uncertaintiesafter adding all systematic uncertainties

300GeV300GeV
AllsystAllsyst

Running with Running with 
asymmptoticsasymmptotics

hfitter:hfitter:
Median:   1.3046Median:   1.3046
Observed: 3.43874Observed: 3.43874

histfactory:histfactory:
Median:   1.3049Median:   1.3049
Observed: 3.44047Observed: 3.44047

In good agreementIn good agreementmu_hat:mu_hat:
hfitter 1.37813 +1.09113 -0.721945hfitter 1.37813 +1.09113 -0.721945
histfactory 1.37693 +1.09272 -0.720698histfactory 1.37693 +1.09272 -0.720698
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High mass issuesHigh mass issues

+++ nosyst ++++++ nosyst +++
-ln P(N|E) = -N*ln(E) + E-ln P(N|E) = -N*ln(E) + E
For N=0 and E = mu*S+B ~ mu*S:For N=0 and E = mu*S+B ~ mu*S:
-ln P(0|mu*S) = mu*S-ln P(0|mu*S) = mu*S

+++ syst ++++++ syst +++
-ln P(0|mu*S)*Gaus ~-ln P(0|mu*S)*Gaus ~
mu*S*(1+pull*eps) + pullmu*S*(1+pull*eps) + pull
= mu*S + pull*(1+mu*S*eps)= mu*S + pull*(1+mu*S*eps)

● Limits @ 920 940 960 show data Limits @ 920 940 960 show data 
deficit but p0 values do not, this deficit but p0 values do not, this 
is due to bins with only signal but is due to bins with only signal but 
no background in fitting templateno background in fitting template

● rebinned the histogram and rebinned the histogram and 
removed single signal events in removed single signal events in 
very high mass regionvery high mass region

● now the p0 values are now the p0 values are 
reasonably close to 1reasonably close to 1
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Limit plot (previously)Limit plot (previously)
● Previous limit plot from last Higgs plenaryPrevious limit plot from last Higgs plenary
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Limit plotLimit plot
● New limits slightly lower than beforeNew limits slightly lower than before
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Changes in low mass resChanges in low mass res
● New limits slightly lower than before afterNew limits slightly lower than before after

● correlating BR(yy) 5% in wwyy and bbyycorrelating BR(yy) 5% in wwyy and bbyy
● correlating PH_ISO 2% and PH_ID 2.5% in correlating PH_ISO 2% and PH_ID 2.5% in 

wwyy and bbyywwyy and bbyy
● changing of the statistical framework from changing of the statistical framework from 

hfitter to histfactory which a protection on hfitter to histfactory which a protection on 
negative pdf is appliednegative pdf is applied
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p0 scan (previously, last Higgs plenary)p0 scan (previously, last Higgs plenary)
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p0 scanp0 scan
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Interpretation updatesInterpretation updates
● Since last Higgs plenarySince last Higgs plenary

● improve the mA step from 10 GeV to 5 GeV in improve the mA step from 10 GeV to 5 GeV in 
the theory map filethe theory map file

● switch off any smooth algorithmswitch off any smooth algorithm
● small structures are found in obs due to the small structures are found in obs due to the 

jumping obs limits, which leads to contour jumping obs limits, which leads to contour 
making issue (wrongly interpolated contours)making issue (wrongly interpolated contours)

● lower limits now leads to fatter exclusionslower limits now leads to fatter exclusions
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hMSSM interpretationhMSSM interpretation
● By plotting disconnected exclusion area piece by By plotting disconnected exclusion area piece by 

piece, one can have the isolated islands clearlypiece, one can have the isolated islands clearly

OBS mapOBS map

Median mapMedian map
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hMSSM interpretation overviewhMSSM interpretation overview
● Thanks to Nikos, the whole picture of hMSSM Thanks to Nikos, the whole picture of hMSSM 

interpretation from various channels is producedinterpretation from various channels is produced



18

low-tb-high interpretationlow-tb-high interpretation
● By plotting disconnected exclusion area piece by By plotting disconnected exclusion area piece by 

piece, one can have the isolated islands clearlypiece, one can have the isolated islands clearly
Median mapMedian map

OBS mapOBS map

LHCHXSWGLHCHXSWG-INT-2015-004-INT-2015-004
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low-tb-high interpretationlow-tb-high interpretation
● solid masksolid mask
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Summary of HHSummary of HH
● After fixing the issues, we asked for closure After fixing the issues, we asked for closure 

approval for hh combination with the updated approval for hh combination with the updated 
contents below:contents below:

● limit plotlimit plot
● local p0 value plotlocal p0 value plot
● hMSSM interpretationhMSSM interpretation
● low-tb-high interpretationlow-tb-high interpretation

● And we got approvedAnd we got approved
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HH in RUN IIHH in RUN II
● I continue to do the combination for HH in I continue to do the combination for HH in RUN IIRUN II

● Progresses had been made in converging object definitions among Progresses had been made in converging object definitions among 
bbyy, bbtautau and bbbbbbyy, bbtautau and bbbb

● Bjets: MV2C20Bjets: MV2C20
● Jets: can use EM instead of LC for now (but bbbb would like to look Jets: can use EM instead of LC for now (but bbbb would like to look 

at also LC to compare the performance)at also LC to compare the performance)
● It is proposed that bbyy and bbtautau run with #jets<=2 since bbbb It is proposed that bbyy and bbtautau run with #jets<=2 since bbbb 

asks >=3asks >=3

● Setting up SVN repository to let individual analyzers check in Setting up SVN repository to let individual analyzers check in 
preliminary workspacespreliminary workspaces

● Building up a twiki to document combination in order to do it in a more Building up a twiki to document combination in order to do it in a more 
collaborative and efficient waycollaborative and efficient way

bbyybbyy
JamesJames
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LHC Higgs XS Working GroupLHC Higgs XS Working Group
● Working group twiki (fully public)Working group twiki (fully public)

● https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGhttps://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

● BSMBSM Higgs ( Higgs (WG3WG3) twiki) twiki
● https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3

● ATLASATLAS conveners conveners

● ATLAS Steering Committee: Reisaburo Tanaka & ATLAS Steering Committee: Reisaburo Tanaka & 
Markus SchumacherMarkus Schumacher

● WG3 (BSM Higgs) overal: Nikolaos RompotisWG3 (BSM Higgs) overal: Nikolaos Rompotis

– Neutral MSSM: Allison McCarnNeutral MSSM: Allison McCarn
– Charged Higgs: Steve SekulaCharged Higgs: Steve Sekula
– Extended scalar: Xiaohu SunExtended scalar: Xiaohu Sun
– Exotics: Shikma BresslerExotics: Shikma Bressler
– Cross WG: bbh production Matthew BeckinghamCross WG: bbh production Matthew Beckingham

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3


23

Workshop: 15 – 17 July 2015Workshop: 15 – 17 July 2015
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LHC Higgs XS Working GroupLHC Higgs XS Working Group
● I have been giving a talk on “I have been giving a talk on “Extended Scalars Extended Scalars 

Searches and interpretations in ATLAS/CMSSearches and interpretations in ATLAS/CMS””

● https://indico.cern.ch/event/350628/sessionhttps://indico.cern.ch/event/350628/session
/1/contribution/37/attachments/1126139/1607/1/contribution/37/attachments/1126139/1607
806/2HDM-ATLAS-CMS-UpTo2015.pdf806/2HDM-ATLAS-CMS-UpTo2015.pdf

● The talk covers recent results from both ATLAS The talk covers recent results from both ATLAS 
and CMS related to extended scalar searches and CMS related to extended scalar searches 
where interpretations were performedwhere interpretations were performed

● The relevant searches without interpretations The relevant searches without interpretations 
were not covered in the talkwere not covered in the talk

https://indico.cern.ch/event/350628/session/1/contribution/37/attachments/1126139/1607806/2HDM-ATLAS-CMS-UpTo2015.pdf
https://indico.cern.ch/event/350628/session/1/contribution/37/attachments/1126139/1607806/2HDM-ATLAS-CMS-UpTo2015.pdf
https://indico.cern.ch/event/350628/session/1/contribution/37/attachments/1126139/1607806/2HDM-ATLAS-CMS-UpTo2015.pdf
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Relevant searches in ATLAS + CMSRelevant searches in ATLAS + CMS
● Only results with Only results with interpretationsinterpretations are presented are presented
● ALTASALTAS

● A→ZhA→Zh, PLB 744 (2015) 163-183 , PLB 744 (2015) 163-183 2HDM2HDM
● H→hh→bbbbH→hh→bbbb, arXiv:1506.00285 , arXiv:1506.00285 2HDM2HDM
● SM Higgs couplingsSM Higgs couplings, ATLAS-CONF-2014-010 , ATLAS-CONF-2014-010 

2HDM, EW singlet2HDM, EW singlet
● HH±±→WZ→WZ, PRL 114, 231801 (2015) “LHCHXSWG-, PRL 114, 231801 (2015) “LHCHXSWG-

2015-001 (2015.05.05)” 2015-001 (2015.05.05)” TripletTriplet
● CMSCMS

● H→hh & A→ZhH→hh & A→Zh PRD 90, 112013  PRD 90, 112013 2HDM2HDM
● A→ZhA→Zh arxiv:1504.04710  arxiv:1504.04710 2HDM2HDM
● H/A→Z A/HH/A→Z A/H CMS-PAS-HIG-15-001  CMS-PAS-HIG-15-001 2HDM2HDM
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2HDM specification2HDM specification
● In the context of the In the context of the CP-conservingCP-conserving 2HDM 2HDM

● Yukawa coupling arrangements define Yukawa coupling arrangements define fourfour different  different 
2HDM 2HDM typestypes: : TType I, II, Lepton-specific, Flippedype I, II, Lepton-specific, Flipped

● Xsec is calculated with Xsec is calculated with SusHiSusHi version 1.3.0 (ATLAS),  version 1.3.0 (ATLAS), 
1.2.0 (CMS)1.2.0 (CMS)

● BRs calculated with BRs calculated with 2HDMC2HDMC version 1.6.4 and with  version 1.6.4 and with 
the assumption of m(A) = m(H) = m(Hthe assumption of m(A) = m(H) = m(H±±), m(h) = 125 ), m(h) = 125 
GeV and mGeV and m1212

22 = m = mAA
22 tanβ/(1 + tan tanβ/(1 + tan22β)β)

● The The widthwidth effects are taken into account, for  effects are taken into account, for 
example, up to 5% of m(A) in A→Zh and 15% of m(H) example, up to 5% of m(A) in A→Zh and 15% of m(H) 
in H→hhin H→hh→bbbb→bbbb (ATLAS) (ATLAS)

● b-associatedb-associated production is considered and  production is considered and 
contributes in high tanβcontributes in high tanβ
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ATLAS AATLAS A→→ZhZh
● Look for a CP-odd Higgs boson A decaying to ZhLook for a CP-odd Higgs boson A decaying to Zh

Three channels including Z→ll,Three channels including Z→ll,
hadronic and leptonic tau decayshadronic and leptonic tau decays

Two channels includingTwo channels including
Z→vv/ll with h→bbZ→vv/ll with h→bb

lltautaulltautau

ll/vvbbll/vvbb
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ATLAS AATLAS A→→Zh Type II 2HDMZh Type II 2HDM

Type IIType II
m(A) = 300GeVm(A) = 300GeV

Type IIType II
cos(cos(ββ-α) = 0.10-α) = 0.10
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ATLAS HATLAS H→→hhhh→bbbb→bbbb
● Look for a CP-even Higgs boson H decaying to Look for a CP-even Higgs boson H decaying to hh→bbbbhh→bbbb

● Sensitive in high mass regimeSensitive in high mass regime

● Width effects are taken into account up to 15%*m(H) and moreWidth effects are taken into account up to 15%*m(H) and more
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ATLAS HATLAS H→→hhhh→bbbb Type II 2HDM→bbbb Type II 2HDM

Type IIType II
m(A) = 500GeVm(A) = 500GeV

Type IIType II
cos(cos(ββ-α) = -0.20-α) = -0.20

width/m(H) width/m(H) 
within 15% for m(H)=500GeVwithin 15% for m(H)=500GeV
up to 23% for m(H)=1000GeVup to 23% for m(H)=1000GeV
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ATLAS SM Higgs couplingsATLAS SM Higgs couplings to be updatedto be updated

● Indirect constraints on BSM physics via SM Higgs Indirect constraints on BSM physics via SM Higgs 
couplings including h→γγ, ZZ, WW, ττ, bbcouplings including h→γγ, ZZ, WW, ττ, bb
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ATLAS HATLAS H±±→WZ→WZ
● Search for a charged Higgs boson produced in the Search for a charged Higgs boson produced in the 

VBF Mode with decay of HVBF Mode with decay of H±±→WZ (tree level), W→qq →WZ (tree level), W→qq 
and Z→ee/μμand Z→ee/μμ

● The data are compared with the Georgi-Machacek The data are compared with the Georgi-Machacek 
Higgs triplet model (GMHTM)Higgs triplet model (GMHTM)

LHCHXSWG-2015-001LHCHXSWG-2015-001
This May!This May!
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CMS H/A→multilepton/diphotonCMS H/A→multilepton/diphoton
● Inclusively search final states with three or four Inclusively search final states with three or four 

charged leptons and a resonant pair of photon + at charged leptons and a resonant pair of photon + at 
least one leptons, for H→hh or A→Zhleast one leptons, for H→hh or A→Zh

2HDM Type II2HDM Type II
m(H)=m(A)=300GeVm(H)=m(A)=300GeV

2HDM Type I2HDM Type I
m(H)=m(A)=300GeVm(H)=m(A)=300GeV
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CMS ACMS A→→ZhZh
● Look for CP-odd pseudoscalar A to Zh→llbbLook for CP-odd pseudoscalar A to Zh→llbb

2HDM Type II2HDM Type II
m(A)=300GeVm(A)=300GeV

2HDM Type I2HDM Type I
m(A)=300GeVm(A)=300GeV
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CMS H/A→Z A/HCMS H/A→Z A/H
● Search for H/A→Z A/H →llbb or llττSearch for H/A→Z A/H →llbb or llττ

2HDM Type II2HDM Type II
(llbb)(llbb)

2HDM Type II2HDM Type II
(llbb)(llbb)

m(H)=350GeVm(H)=350GeV
m(A)=150GeVm(A)=150GeV
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Summary of the workshopSummary of the workshop
● WG3 domainsWG3 domains

⋄ ⋄ Neutral MSSM: Neutral MSSM: flagship!flagship! in xsec and BR in xsec and BR

⋄ ⋄ Extended scalarsExtended scalars: singlets, doublets, triplets; : singlets, doublets, triplets; 
LHCHXSWG-2013-001 (2HDM), LHCHXSWG-2015-001 LHCHXSWG-2013-001 (2HDM), LHCHXSWG-2015-001 
(triplet); currently identify benchmarks for 2HDM and (triplet); currently identify benchmarks for 2HDM and 
centrally produced numbers, width and interferencecentrally produced numbers, width and interference

⋄ ⋄ NMSSMNMSSM

⋄ ⋄ Exotic Higgs decaysExotic Higgs decays

⋄ ⋄ bbH production (with WG1): 4FS and 5FSbbH production (with WG1): 4FS and 5FS
● Currently an huge effort to explore benchmarks in the Currently an huge effort to explore benchmarks in the 

NMSSM and the 2HDMNMSSM and the 2HDM

● https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Lhttps://twiki.cern.ch/twiki/bin/view/LHCPhysics/L
HCHXSWG3Benchmarks2HDMHCHXSWG3Benchmarks2HDM

● NEW May 2015, Low tanβ scenarios, NEW May 2015, Low tanβ scenarios, LHCHXSWG-LHCHXSWG-
2015-001 public note2015-001 public note

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3Benchmarks2HDM
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3Benchmarks2HDM


37

backupbackup
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our exclusion exists lower than tb=2our exclusion exists lower than tb=2
where width < 2.0% mHwhere width < 2.0% mH

the best mass resolution is from bbyythe best mass resolution is from bbyy
which is ~5%which is ~5%

width does NOT effect our limitwidth does NOT effect our limit
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hMSSM BR(H-hh)hMSSM BR(H-hh)
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our exclusion exists lower than tb=2our exclusion exists lower than tb=2
where width < 2.0% mHwhere width < 2.0% mH

the best mass resolution is from bbyythe best mass resolution is from bbyy
which is ~5%which is ~5%

width does NOT effect our limitwidth does NOT effect our limit
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low-tb-high BR(H-hh)low-tb-high BR(H-hh)
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TS distributions (combined)TS distributions (combined)

360GeV360GeV 380GeV380GeV 400GeV400GeV

400GeV400GeV360GeV360GeV 380GeV380GeV

TS distributions from p0 calculationTS distributions from p0 calculation

TS distributions from limit calculationTS distributions from limit calculation

TS(data)=0TS(data)=0 TS(data)=0TS(data)=0 TS(data)=0.0524729TS(data)=0.0524729
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TS distribution (combined)TS distribution (combined)
● ts distributions at 300 GeVts distributions at 300 GeV

300 GeV300 GeV
obs ts value: 3.03275obs ts value: 3.03275
obs p-value: 0.0052399obs p-value: 0.0052399
obs significance: 2.55958obs significance: 2.55958
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1000 PLR (combined)1000 PLR (combined)
● Scan PLR for 1000 (a point with consistent p0 and Scan PLR for 1000 (a point with consistent p0 and 

limit) from mu 0 to 0.1limit) from mu 0 to 0.1

● mu_hat (1000) in data = -0.00463018mu_hat (1000) in data = -0.00463018

1000 GeV1000 GeVPLRPLR

mumu
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ChannelChannel limits [res] limits [res]
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The issue at 360/380The issue at 360/380
● At 360 380, limits show data excess but p0 value At 360 380, limits show data excess but p0 value 

do not seem sodo not seem so

This is actually due to the This is actually due to the 
definition of test statisticdefinition of test statistic
with which p0 values are with which p0 values are 
calculatedcalculated one-sided discoveryone-sided discovery

*** http://arxiv.org/pdf/1007.1727v3.pdf*** http://arxiv.org/pdf/1007.1727v3.pdf
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mu_hatmu_hat
● mu_hat values are plotted as function of mHmu_hat values are plotted as function of mH

360 & 380 have mu_hat <0360 & 380 have mu_hat <0
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P0 valuesP0 values
● Now, using a non-zero ts definition (“signed Now, using a non-zero ts definition (“signed 

discovery”) when mu_hat<0, we have p0 values discovery”) when mu_hat<0, we have p0 values 
< 0.5 at 360 380< 0.5 at 360 380

p0<0.5p0<0.5

0σ0σ
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TS distribution (combined)TS distribution (combined)
● ts distributions at 360 and 380ts distributions at 360 and 380

360 GeV360 GeV
obs ts value: -0.065745obs ts value: -0.065745
obs p-value: 0.293564obs p-value: 0.293564
obs significance: 0.543002obs significance: 0.543002

380 GeV380 GeV
obs ts value: -0.000746296obs ts value: -0.000746296
obs p-value: 0.175806obs p-value: 0.175806
obs significance: 0.931465obs significance: 0.931465

● In general, ts distributions is asymmetric; so even In general, ts distributions is asymmetric; so even 
when ts(data) goes to negative, p0 value can still when ts(data) goes to negative, p0 value can still 
remain below 0.5remain below 0.5
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The issue at 920/940/960The issue at 920/940/960
● 920 940 960 have data deficit in limit plot but p0 values 920 940 960 have data deficit in limit plot but p0 values 

seems to be 0.5 ~ 0 sigmaseems to be 0.5 ~ 0 sigma

● by now, we have checked with David and have by now, we have checked with David and have 
consistent bbbb p0 valuesconsistent bbbb p0 values
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920 PLR920 PLR
● mu_hat in obs is mu_hat in obs is positivelypositively close to zero 7.28235e-10, giving  close to zero 7.28235e-10, giving 

p0 values ~0.5p0 values ~0.5

● obs PLR is narrower than expected, this leads to lower limits in obs PLR is narrower than expected, this leads to lower limits in 
datadata

● but the non-parabolic structures seem strange, we further on but the non-parabolic structures seem strange, we further on 
check signal/bkg templatescheck signal/bkg templates

920 GeV920 GeVPLRPLR

mumu
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Check bbbb sig&bkgCheck bbbb sig&bkg
● David checked the signal and background David checked the signal and background 

templates used in the fittemplates used in the fit

● There are bins with only signal but no There are bins with only signal but no 
backgroundsbackgrounds

signal 920signal 920 signal 940signal 940
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after smoothing, obs shrinksafter smoothing, obs shrinks

no smoothingno smoothing smoothingsmoothing

Current status – low-tb-highCurrent status – low-tb-high
● low-tb-high interpretation:low-tb-high interpretation:

● use full resolution in map file: use full resolution in map file: 5 GeV vs 0.15 GeV vs 0.1
● before, we use mA 10 GeV with smooth, did before, we use mA 10 GeV with smooth, did 

not notice the fine structures in obsnot notice the fine structures in obs
● compare no smoothing and smoothingcompare no smoothing and smoothing

* smooth algorithm: the * smooth algorithm: the DelaunayDelaunay triangles (TGraph2D) triangles (TGraph2D)
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Excl. mapsExcl. maps
● Exclusion map Exclusion map 

before plotting before plotting 
contourscontours

● Bins are filled with Bins are filled with 
theo/limit, so once theo/limit, so once 
the bin content >1, the bin content >1, 
this bin is excludedthis bin is excluded

● plots only show bins plots only show bins 
with theo/limit >1with theo/limit >1

EXPECTED excluded regionsEXPECTED excluded regions

OBSERVED excluded regionsOBSERVED excluded regions

Only bins that are Only bins that are 
excludedexcluded are  are 
shown hereshown here

The numbers and The numbers and 
colors in each bin colors in each bin 
give how much give how much 
theoretical xsec is theoretical xsec is 
larger the our larger the our 
limitslimits

valley is not excludedvalley is not excluded
but contour is notbut contour is not
interpolated correctlyinterpolated correctly
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Excl. map (expected, mH)Excl. map (expected, mH)
● Map before contour making: filled with mHMap before contour making: filled with mH

EXPECTED excluded regionsEXPECTED excluded regions

expect limit has a dropexpect limit has a drop
at 260 due to bbtautauat 260 due to bbtautau

Only excluded bins are Only excluded bins are 
shown hereshown here

The numbers on top of colors The numbers on top of colors 
are mH, one can see at are mH, one can see at 
which mH the exclusion which mH the exclusion 
happenshappens
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Excl. map (observed, mH)Excl. map (observed, mH)
● Map before contour making: filled with mHMap before contour making: filled with mH

OBSERVED excluded regionsOBSERVED excluded regions

@305, obs is stricter@305, obs is stricter
than exp limitthan exp limit

@300, obs limit is weak@300, obs limit is weak
data excess is observeddata excess is observed

300300

305305

@325, another large@325, another large
data excessdata excess

325325
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What we have now on low-tb-high 1/3What we have now on low-tb-high 1/3
● No smoothingNo smoothing

We would prefer to We would prefer to 
have have NONO smoothing,  smoothing, 
right?right?

There should be a There should be a 
valley in the “island” valley in the “island” 
region, shall we region, shall we 
manually change manually change 
tgraph to recover tgraph to recover 
that? since the that? since the 
smoothing does not smoothing does not 
do good work on do good work on 
that, either.that, either.
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What we have now on low-tb-high 2/3What we have now on low-tb-high 2/3
● Delauney interpolationDelauney interpolation

Delauney smoothing Delauney smoothing 
destroys the original destroys the original 
structurestructure
and it does not and it does not 
recover the valleyrecover the valley
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What we have now on low-tb-high 3/3What we have now on low-tb-high 3/3
● Bilinear interpolation (#iteration=5)Bilinear interpolation (#iteration=5)

Bilinear smoothing Bilinear smoothing 
also destroys the also destroys the 
original exclusion original exclusion 
and cannot recover and cannot recover 
the valley eitherthe valley either
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Current status - hMSSMCurrent status - hMSSM

old map fileold map file new map filenew map file

need a margin below tb=1need a margin below tb=1
for the sake of good interpolationfor the sake of good interpolation

● hMSSM interpretation:hMSSM interpretation:

● Allison and Nikos produced a new map file with Allison and Nikos produced a new map file with 
55 GeV on mA step ( GeV on mA step (10 10 GeV previously); but the GeV previously); but the 
map file did not have phase points below map file did not have phase points below 
tb=1.0 which causes interpolation issues in tb=1.0 which causes interpolation issues in 
TGraph (closed contours are drawn @ tb~1). TGraph (closed contours are drawn @ tb~1). 
We asked for a margin below tb=1. We asked for a margin below tb=1. <- just got <- just got 
the file after our informal meetingthe file after our informal meeting

Don't worry Don't worry 
now we have now we have 
better new better new 
map filemap file
margin is margin is 
down to down to 
tb=0.8tb=0.8
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Exclu. map (expected, mH)Exclu. map (expected, mH)
● Plot the exclusion maps before contour makingPlot the exclusion maps before contour making

Using Using newnew map file with step(mA)=5GeV map file with step(mA)=5GeV

EXPECTED excluded regionsEXPECTED excluded regions
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Exclu. map (observed, mH)Exclu. map (observed, mH)
● Plot the exclusion maps before contour makingPlot the exclusion maps before contour making

@325, a large@325, a large
data excessdata excess

@305, obs is stricter@305, obs is stricter
than exp limitthan exp limit

Observed excluded regionsObserved excluded regions
Using Using newnew map file with step(mA)=5GeV map file with step(mA)=5GeV

the islandthe island
is checked inis checked in
next pagenext page
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Exclu. map (observed, theo/limit)Exclu. map (observed, theo/limit)
● Again I put theo_xsec/limit in each binAgain I put theo_xsec/limit in each bin

Observed excluded regionsObserved excluded regions Using Using newnew map file with step(mA)=5GeV map file with step(mA)=5GeV

the the 
islandisland
1.041.04
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hMSSM interpretationhMSSM interpretation
● By plotting disconnected exclusion area layer by By plotting disconnected exclusion area layer by 

layer, one can have the isolated islands clearlylayer, one can have the isolated islands clearly

250250 260260270270
280280

290290300300

350350

previouslypreviously
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low-tb-high interpretationlow-tb-high interpretation
● By plotting disconnected exclusion area layer by By plotting disconnected exclusion area layer by 

layer, one can have the isolated islands clearlylayer, one can have the isolated islands clearly

250250260260
270270

280280
290290

300300
305305mh122mh122

previouslypreviously
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305 GeV305 GeV
● @ 305GeV, we used to have obs limit 1.24, while @ 305GeV, we used to have obs limit 1.24, while 

now we have 1.36now we have 1.36

● Anyway, their PRL curves are quite similar, both Anyway, their PRL curves are quite similar, both 
indicating obs limits at 1.3~1.4indicating obs limits at 1.3~1.4

NOWNOW PreviouslyPreviously
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Investigations from AaronInvestigations from Aaron Likelihood curvesLikelihood curves
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Investigations from AaronInvestigations from Aaron Likelihood curvesLikelihood curves
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Investigations from AaronInvestigations from Aaron
Obs limit > exp limit with muhat < 0Obs limit > exp limit with muhat < 0



72

Investigations from AaronInvestigations from Aaron
Obs limit > exp limit with muhat < 0Obs limit > exp limit with muhat < 0
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Investigations from AaronInvestigations from Aaron
Obs limit > exp limit with muhat < 0Obs limit > exp limit with muhat < 0



74

Investigations from AaronInvestigations from Aaron Other bbyy issuesOther bbyy issues
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Investigations from AaronInvestigations from Aaron Other bbyy issuesOther bbyy issues
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mu_hat NEWmu_hat NEW
● Previously we had 360 380 mu_hat < 0Previously we had 360 380 mu_hat < 0

NowNow
@360 mu_hat = 9.92759e-10@360 mu_hat = 9.92759e-10
@380 mu_hat = 8.72088e-07@380 mu_hat = 8.72088e-07
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