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Y55

* 125GeV Higgs discovered at LHC

* \VH is one of the four mechanism
* Decay to WW* is a big fraction

gg fusion:

ttfusion:

9
0.61[pb]

B SR WH->WWW*

WW, ZZ fusion:

Decays of a 125 GeV Standard-Model Higgs boson
q

tau/anti-tau
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WH - WWW?*

* Only HWW coupling enter the entire progress

OppsWH * Br(H—>WW*)/ Ky *KEy
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The Atlas

Tile barrel

Tile extended barrel

LAr hadronic
end-cap (HEQC)

LAr eleciromagnetic

LAr electromagnetic
barrel

chambers (RPC)
End-cap toroid
Monitored drift tubes (MDT)
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Run | analysis

 4.5/fb at 7TeV + 20.3/fb 8TeV since 2012 to 2013
« JHEP 08 2015 (137)

e Data samples

* Objects reconstruction & selection
* Events selection

* Background modelling

* Systematics

* Results



Data samples

tHH (H— WW*

Z /¥ (— £0)+jets (mge > 10 GeV)

PYTHIA v8.165

ALPGEN [32] v2.14 + HERWIG [33] v6.52

0.028, 0.019

16540, 12930

Process Generator o(xBr) [pb] Cross-section
normalisation
Higgs boson
VH (H+WW* PYTHIA [25, 26] v8.165, v6.428 0.24, 0,20 NNLO QCD + NLO EW
(| VH (H—=71T1) PyTHIA v8.165, v6.428 0.07, 0.06 NNLO QCD + NLO EW
gg —+ H (H—=WW?) PowHEG-Box [27-30] v1.0 (r1655)+ PYTHIA v8.165, v6.428 41,33 NNLO+NNLL QCD + NLO EW
VBF (H—WWH) POwWHEG-BOX [31] v1.0 (r1655)+ PYTHIA v8.165, v6.428 0.34, 0.26 NNLO QCD 4 NLO EW

NLO

NNLO

HF Z/~v*(— £f)+jets (mge > 30 GeV) ALPGEN v2.14 + HERWIG v6.52 126, 57 NNLO

\ VRBE 7{)’ r*.l’_s N‘) ('rn.. il SPTA SHERPA ['24] aval . | 53 28 LO

Top-quark
(| o POWHEG-BOX [35] v1.0 (12120) 1 PYTHIA V06428 250, 180 NNLO+NNLL
MC@NLO [36] v4.03

L tHW/z MADGRAPH [37] v5.1.5.2, v5.1.3.28 +PYTHIA v6.428 0.35, 0.25 LO
tqb ACERMC [38] v3.8 +PYTHIA v6.428 88, 65 NNLL
th, tW POWHEG-BOX [39, 40] v1.0 (r2092)+ PYTHIA v6.428 28, 20 NNLL
tZ MADGRAPH v5.1.5.2, v5.1.5.11 +PYTHIA v6.428 0.035, 0.025 LO

Dibosons

/rﬂf’Z/W'ﬁy*(% £00v) (mge > 7 GeV) POWHEG-BOX [41] v1.0 (r1508)+PYTHIA v8.165, v6.428 127, 107 NLO Y
WZ/W*(— fbfv){min. my < 7 GeV) SHERPA v1.4.1 12.2, 10.5 NLO
other WZ POWHEG-BOX [41] v1.0 (r1508) + PYTHIA v8.165 22,172 NLO
qq/qg — ZX)Z™) (= £000, €0vv) (mee > 4 GeV) POWHEG-Box [41] v1.0 (r1556) +PYTHIA v8.165, v6.428 1.24, 0.79 NLO
q4/qg — ZWZ™ (= eet, efvv) (min. myy < 4 GeV) SHERPA v1.4.1 7.3, 5.9 NLO
other qG/qg — ZZ PowHEG-Box [41] v1.0 (r1556) + PyTHIA v8.165 6.9, 5.7 NLO
gg — ZMz® gg277 [42] v3.1.2 + HERWIG v6.52 (8 TeV only) 0.59 LO
q7/qg — WW POWHEG-BOX [41] v1.0 (r1556) + PYTHIA v6.428 54, 45 NLO

SHERPA v1.4.1 (for 2/-DFOS 8 TéV only) 34 NLO

g9 —+ WW ge2WW [43] v3.1.2 + HERWIG v6.52 19,11 LO
VBS WZ, ZZ(— L008, £lvv) (g > T GeV), WIW SHERPA v1.4.1 1.2, 0.88 LO

\ Wy (p} > 8 GeV) ALPGEN v2.14 +HERWIG v6.52 1140, 970 NLO

27 (pT > 8 GeV) SHERPA v1.4.3 960, 810 NLO A
| Tribosons
[- WWW* ZWW*, ZZZ* WW~* MADGRAPH v5.1.3.33, v5.1.5.10 + PYTHIA v6.428 0.44, 0.18 NLO
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Objects reconstruction & selection

* PriVtx with maximal pt2 from tracks >= 0.4GeV
* Medium muons pT>15GeV ( combined from MS to ID )

e Electrons pT>15GeV upon likelihood identification
e 3L :very tight low pt & loose if pt > 20 GeV
e 2L : very tight low pt & medium if pt > 25 GeV

* dR = 0.2 isolation in both traker and Calo for muon & electrons

* AntiKt4 jet from topological cluster
e 25GeV pt cut within |eta|=2.4, JVF cut against Pileup

 Leptons overlap ( dR~0.1 ) and lepton-jet overlap (dR~0.3) are removed
* Calo-based MET is compensated with possible track pt



Events selection

Channel 3£ 2¢
Category 3SF 1SFOS O0SFOS S552jet S551jet
Trigger single-lepton triggers lepton & dilepton triggers
Num. of leptons 3 3 3 2 2
PT 1eptons [GeV] > 15 ~ 15 > 15 > 22 15 > 22,15
Total lepton charge +1 +1 +1 =2 +2
Num. of SFOS pairs 2 1 (0] 0] 8]
Num. of jets <1 <1 <1 2 1
Prjets [GeV] | = 25 (30) = 25 (30) = 25 (30) > 25 (30) > 25 (30)
Num. of b-tagged jets 0 0 0 0] 0
Emiss [GeV] 230 > 30 _ ==2a 1y > 45
PR [GeV] > 20 > 20 — - -
|rree — mz| [GeV] > 25 > 25 — > 15 = 15
Min. g [GeV] > 12 > 12 > 6 > 12 (ee, uu) > 12 (ee, pet)
> 10 (epu) > 10 (epu)
Max. 1riee [GeV] << 200 < 200 << 200 == .
mae [GeV] — — — - -
Pr.4¢ [GeV] — — — = ==
Mrr [GeV] — — — — —
AR p, < 2.0 < 2.0 — —— —
Ay, [rad] T — - T T
e :GC‘T\; — —_— — = > 105 (_?ﬂ__l'ga.d)
Min. me, ) [GeV] — — . < 115 < 70
Min. ¢g,;; [rad] — — — < 1.5 < 1.5

FANTIE

| — 85| [GeV]

B SR WH->WWW*
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* Split signal regions
* Signal characteristics
* Optimization

e Xcheck
* Divide & govern

* BDT adopted for 3|

Imiss
(mfgha mfofg)a ARE@KU ET ) and P



Events / 10 GeV

Background modelling

:I T T ‘ T T ‘ T T T ‘ T T T ‘ T T | T TT | G | T T \:
- 4 Data // Bkg. Uncert.
- AiTLAS W HH-ww) Il wzwy
C 1s=8TeV, 20.3 fy’ W4 " s ]
- 3leptons (WZ CR) [] Others [ Top B
- 02 ;
40 60 80 100 120 140 160 180 200
m, , [GeV]
0"

(hannel 4 3 A
Category | 25FQS, 1SFOS | 35F, 1SFOS, 0SFOS | DFOS ~ SS2jet, SS1jet
Process
Wz | — L0t — 094010
A i 5 - -
03 Wiy : : — 080403
W - - — L6002
I - D
Iy — | 080°% (uemisid) | 090%F 086200
033107 (e-misid)
Top - LTS | L0 L04£008

Backgrounds seem well understood, estimated and controlled

B SR WH->WWW*
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Systematics

Uncertainties on the signal strength pyg (%)

Signa.l theoretical uncertainties AN‘VH / vy Experimental uncertainties
Jet 14 9
W ) EDiss goft term 3.4 2.3
VH acceptance 11 i Electron 4.8 2.9
X . . Muon 4.8 2

00S hos o ;

Higgs boson branching fraction 7 4 Trigger officiency 1%
QCD scale 1.6 0.7 b-tagging efficiency 4.7 3.2
PDF and ag 33 1.5 Fake factor 14 123
" g . : Charge mis-assignment 1 0 | 1.0
VH NLO EW corrections 2.9 1.2 Photon conversion rate 0.8 0.7
Backeround theoretical uncertainties Pile-up S0 19
) Luminosity 54 3.3
QCD scale 109 MC statistics 8 8
PDF and ag 28 20 CR statistics 18 15
. : ; ggl' SR statistics 5.5 4.4
VVV K-factor 3_0 3. VBF SR statistics 1.9 15
MC modelling (9 09 ogF+VBF CR statistics 10 9

The variation in signal strength is proportional to that of event yields => relative rank

BB WH->WWW*

Aug 22, Hefei
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Results -- Event vields

B SR WH->WWW*

Process 3L 2F
Category 3SF 1SFOS OSFOS SS2jet SS1jet
Higes boson
VH (H— WW?*) 0.734-0.10 1.61-+0.18 1.43-40.16 1.04+0.18 2.044+0.30
VH (H— 0.057+0.011 0.15240.023 0.24840.035 |0.03630.008 0.2740.04
gol 0.076=0.015 0.085+0.018
VBF
ttH
Background
Vv 0.2210.16 1.940.6 0.37+0.15 814 1545
vV 1943 2844 4.71+0.6 112421 26+4
VvV 0.84+0.3 2.207 2.9340.29 0.474+0.05
Top 0.91+4+0.26 2.4-1-0.6 3.74+0.9 0.7540.19 1.3-4-0.5
Others 0.714+0.30 0.60+0.24
Total P o | 3446 I1. 718 21=E5 4446
Observed events 22 38 14 25 62
Aug 22, Hefei 12




Result -- distributions

_C _I T T | T ‘ T | T | | | T | T | | e ‘ T ‘ T I_ 'O L T T T T ‘ T T T T T T T T | T T T T | T T T T | T T T T | I_
5 u © ul =
= 30: ATLAS —4- Data 7/, Bkg. Uncert. = 16: ATLAS : Dvi:a;H_) e |i| glt(ﬁlerU::;ZZ ]
i  \s=8TeV. 203" B v+ (Howw#) [ ] Other Higgs 0 - \5-8TeV 20.3 b .
£ o5b 5 20 —1 = = 14— \s=8TeV, 20. R Y
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1% - ] vw N v ~  q2= O ww
= - C
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155
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MC simulation and Bckg-estimation agree well to data |

B E K WH->WWW* Aug 22, Hefei 13



Results — significance & strength

L2 (e, M)

* Likelihood fit : Bl = R e
e Signal strength pw e — 2.1713 (stat. ) 152 (sys.)
* Significance Z, = 2.1(0.66) with my = 125. 36 GeV
T T T
* Also with ggF and VBF combined = 16i e N -
* As backgrounds 145 ,,""irﬁ—fvﬁ'ﬁf = Z’Qfé‘f_v T Bt
* strength correlated o e hE
. - 10 1
* experimental uncertainties correlated i £
Br(H— WW*) = — __ Tl SRPIG % £
sLsm(H = ff) + s30sm(H = g9) + 67 Tsu(H = VV) 4i 3
o E
0:“-""4. i ‘%M \ \ LS -
-1 0 1 2 3 4 5 6 8



12 1 measurement of Higgs coupling ?

BB WH->WWW*

Aug 22, Hefei

e ky —1€ [0, 1]

* Uncertainties
* Statistical ( luminosity )
* Experimental
* Theoretical
* 50% ~ 20% at LHC

15



118 : more precise measurements at CEPC

-—-but neither NP model ruled out nor unigue NP model established ?

* If sufficiently big deviation observed

* kx —1€ [0, 0.5] * Which model is demanded ?
* Uncertainties e SUSY ? Little Higgs ? ... ?
* Luminosity e Uniquely ?

* Detectors/softwares

* Theoretical
e 50 at CEPC?

* If sufficiently small deviation confirmed

 Which model will be ruled out ?
e SUSY ? Little Higgs ? ... ?

Some theoretical explorations or summary are expected as a guide



