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Compact Muon Solenoid

Analysis Strategy

» SM H — invisible only possible viaH —» ZZ*— vvvv (~0.1%) > Data from 8TeV collision corresponding to an integrated luminosity

» Despite the observation of 125 GeV SM Higgs boson, the of 19.5 fb-1 was collected by dedicated triggers requiring jet pair in a
possibility for non-SM properties remains loose VBF-like topology and MET (missing transverse energy)

> Visible SM decay modes constrain BF(H — BSM) < 64% > Signal extraction : -

pr;> 90 GeVand |n| <4.7
Njs*Njz < 0

Inj1=n;5l > 4.2

M, > 1100 GeV

» Significant BF(H — Invisible) would be a strong sign of the <- Leptons (e,u) veto p;> 10 GeV
BSM theories, e.g. H —» 2LSPs in SUSY, Graviscalars Iin the <> Tighter selection of VBF tag jet pair —
ADD model, Dark matter and etc. p p < MET > 130 GeV
» VBF production has larger cross-section than <~ Central-jet (n;;<n.<n;,) veto p; > 30 GeV
> AD;;, < 1.0

» Perform a single-bin counting experiment using the observed yield

VH and ttH - potentially better sensitivity
» Major challenge in backgrounds estimation

Feynman diagrams of VBF production In signal region and estimated backgrounds by data-driven method

Data-driven Backgrounds Estimation

» The dominant backgrounds arise from V+jets processes, Z(vv)+jets and W(lv)+jets when the charged lepton is outside acceptance or not
identified, contributing similar topology to VBF (H — invisible) production

» Data-driven for V+jets : identify background rich control regions and extrapolate to signal region using factors derived from MC simulation

» The background from QCD multijet processes is also estimated from data due to lack of MC statistic

Z(vv)+jets Background W(lv)+jets Background QCD Background
{ Define Z(pp) control region as signal region but : W(uv)+jets and W(ev)+jets < Effectively reduced to small level by MET, CJV and A®
v require p*y, each pr, > 20 GeV and 60< M,,,<120 GeV < Define smgle-lepto.n control reglons:. | < “ABCD” method of MET vs. CJV, assuming they are
< The number of W+jets background is estimated from uncorrelated
v veto any additional leptons not from Z S . Nipye S\ from Wolv v A fail MET selection, fail CJV selection
v redefine MET to exclude Z and require > 130 GeV N = (Nigbs ~ Nig) Némc > MC events v B: pass MET selection, fail CJV selection
<> The number of Z(vv) events is predicted from : " Results: NS, =675 (stat.)* 16 (syst.) v C:fail MET selectio.n, pass CJV selectio.n _
o(Z 5 ) s NSy ey = 63 % 9 (stat.) + 18 (syst.) v’ D:pass MET se-lectlon, pass CJY selection -- Signal
NS, = ( ;ﬂobs _ Nl(;kg) : SZI7 s ) : CZMC. < Numbers of region A,B,C are estimated from data
HR) Ezmc W(rv)+jets -- tau decays hadronically subtract electroweak backgrounds from MC
= MC factors <> Define control region as signal region and require one centrﬁl-jet E;
Ratio of BF = 5.651 £ 0.023 (MCFM) E 8°§V°§M=38Te“=195fb_1 = Observed hadronic tau p; > 20 GeV |n| < 2.3 but without CJV to < Number of QCD background
£5,,c = (1.65 £ 0.27) x 10~ 2 ZZ;‘VBFHanV’)za.)e;mhfg E:"t“"'v’\'n: increase the yield, therefore : is therefore given by : Ny = NgN¢/N, E
€ = (1.11 £ 0.17) x 1078 I o s /nTC c ECIV \_from W—T,, 30
from DY(uu)+jets, EWK Z(up) B No, = (Nzobs - kag) e ’> MC event; d { Results : E
= Results : N3, =53 18 (stat.) + 18 (syst.) NSqcp = 31 £ 2 (stat.) £ 23 (syst.) 130 MI?T
= Results
NC .. =12 events
et 3 | _ (Resuts
NS =99 + 29 (stat.) + 25 (syst.) °
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Invariant mass of dimuon pair » The main sources of uncertainty are statistics from control samples in data and MC samples

» Systematic uncertainties include jet/MET scale/resolution, leptons efficiency, CMS cross-

Signal VS. Backg rou nds section measurements in minor backgrounds, PDFs and factorization/renormalization scale
In signal yields and etc.
» Signal of 125 GeV Higgs boson with 100% BF(H — inv) » Limits are set using an asymptotic CL, method
ia VBF luon-fusi s [ S - L hviai
produced via _and g uon-fusion processes are > Results : for m,, = 125 GeV at 95% CL (% s 95% CL limits CMS VBF H InVISIbl-?
based on POWHEG simulation ST Observed limit ls=8TeV, L=1951fb
» Minor backgrounds are estimated from MC simulation Ob d limit = 0 65 Q> -l Expected limit
serve Imit = V. Zz Expected limit (10)

Process Event yields . e - £ ted limit (2

Z(v)+jets 99 T 29 (stat.) £ 25 (syst.) Expected limit = 0.49 i F xpected limit (20)

W(uv)+jets 67 + 5 (stat.) &= 16 (syst.) m L

W(ev)+jets 63 & 9 (stat.) & 18 (syst.) s £ =
W(mv)+jets 53 + 18 (stat.) + 18 (syst.) . e

QCD multijet 31 + 2 (stat.) £ 23 (syst.) 2 10°E cms e observed = 1oL cMs . o - T

Sum (tt, single top quark, V'V, DY) 20.0 & 8.2 (syst.) (g "~ (s=8TeV,L=195fb" — Bei-m=toon O 7 F ecBTeVL=105/m" — someion B

Total background 332 + 36 (stat.) 4 46 (syst.) N 103;‘ VBF H(inv) [ vsiets 5103? VBF H(inv) I veiets 05 T

VBF H(inV.) 210 £+ 30 (SYSt.) 0 102i ~ ’ I ¢, tw, DY(sjets, v -

ggF H(inv.) 14 £ 11 (syst.) g S o T e T e e w0 s 0
Observed data 390 L 10¢ o m, [GeV]
S/B (%) 70 i

. Expected and observed 95% CL upper limits on the production
| I . I cross-section times invisible Higgs branching fraction normalized
150 200 250 300 350 400 450 500 1500 2000 2500 3000 3500 to the SM VBF production cross-section, as a function of m,
ET'° [GeV] M, [GeV]

MET and M distributions in signal region
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