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Introduction

« Di Higgs non-resonant search in multi-lepton channels

* Focus on small Br HH decay channels: VV IV, S It I I
VVyy,VVtr, ttTT, bbZZ ~ 12%. bb
* Separated to 9 orthogonal channels: ww 46%
* 2 same-sign light leptons w/wo 7,,4: 2155071y, 21SS + 113, v | 7a% | 2% § osew
* Three light leptons: 31 = [ o S
* One/Two light leptons+2 t,:1/2L+2¢  —— = | S
* 4 light leptons and 2 b-jets: bb4l. I

2 photons with light leptons and 7, (yy + ML): yy + 1107, yy + )
0llt,yy + 2L.

1027 20827, |
HH — ZZbb — 4¢ + bb

[ ]
[ e |
EEz=m

* Analysis details in Yulei’s unblinding approval talk.
* Today’s talk: combination between 9 channels.

HH — ZZbb — 2¢ + bb

2ASSIT, |

Number of light leptons
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https://indico.cern.ch/event/1305563/

Overview of workspace

« Binned fit in the signal region:
* Observables chosen by channels: mostly BDT(BDTG) score; m,,, in yy + ML channels.

* Background: MC, data-driven (for fake), normalization factors.
* Workspace building: TRexFitter.
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Normalization factors
* 13 normalization factors used in the analysis
* 7in2lss,3in3l,3in 2lss + 1t and 5 in bb4l.
* 3 are common between channels: fake factor for external converted & heavy flavor decayed
e/U.
* Treatment of NFs can influence the final fit results.

NormPFactor 2¢SS 3¢ 26SS+11haq bba¢t combined
NF IntConv_e | 2.01 £0.28 | - - - -
NF_ExtConv_e | 0.80+0.36 | 0.66 +0.13 | - - 0.79 +0.16
HHF-e 1.18+0.27 | 1.50+0.50 | 1.27 +1.14(0.87) | - 1.34 +0.17
MHF—u 1.57+0.17 | 1.51 £0.23 | 0.59 +1.03(0.75) | - 1.56 £0.12
MW Z 0.82+0.06 | - - - -

HVVjj 1.62+0.13 | - - - -

Usrw (fake) 1.24 +0.36 | - - - -

NF_VV - - 0.98 +0.42(0.94) | - -

UrF - - - 1.50+0.28 | -

Mmusiz - - - 1.27+£0.22 | -

HVV - - - 1.12+0.46 | -

MHiggs - - - 1.09+042 | -

M Z+jets - - - 1.01 £0.36 | -
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Normalization factors

* Check the performance in 2lss + 1t channel:
. NFs are fltted from 2[ss 4+ 11 CR with stat. only, and fixed in the fit in SR.

™ T T T
ATLAS wovk in pr@ress DATA 2030 -

2 ET " Frr ™
§ 200 = § 400 ATLAs work in Mress DATA 4230 =
t 180F ® {s=13Tev, 1400 ' Il HH 00 7 o [ {s=13Tev, 1400 ' Il HH 0.0 7
F HH2iSS1T ] w 08 350 HH2/SS1r || w 17 4
160 2 ] Other 42 3 E ] Other 10.7 3
F PostFit it 04 300 Pos!-Fil tt 27 4
1 tops 04 - O S q
QED 14 F m
s F e 3 250 -
100 7 200 E 3 09 -
L [ |} faker 37 1
150E B amsb 40
£ Total 4275 o
100 ~ Uncertainty 3
E ~--Pre-Fit Bkgd. E
50— =
E L f f L L B Erd ! L ! L L L L o
% iast B imst
£ 125F E £ 1251 3
S E n . E S E Y
3 1E 5 R 2 P E g
8 o75F 3 8 o7s5F E
055 0.5F
1 1.5 2 25 3 35 4 0 20 40 60 80 100 120 140 160 180 200
DRII01 HT_lep(GeV]
a .
@ ®) ATLAS work in progress
P R e e e R R RS R @ 400 T T T T T T T T T T .
® I ATLAS  workinprégress DATA 200 o 8 ATLAS  workin prégress DATA 296.0 '
@ 300 fs=13Tev, 1401 ' I HH 00 - @ 3o~ f5=13TeV, 14010 ' I HH 02 - 075 5% NF_hf_mu
[ HH2ISS1T ] w 0.1 7 HH2ISS1T O w 1369 4 i -0.08 - -
o5f 2 [ Other 29 300F- CRWV u VWV 75 4 |
£ tops 4 ] 3 e X
P QED 13 7 250 1 QED 06 ' 0.87 1o NF_hf_e
HF_e 108 7 [ ] HF_e 25.8 E '
HF_mu 28 o 200 HF_mu 277 - 0 02 04 06 08 1 12 14 16 1.8
Conv 1.0 — [ ] Conv 210 A
faker 0.6 150 W fake T 437 4
QmisID [ ] QmisiD 92 7
AAAAAAAAAA Total 2975 1
/) Ungarity— —-20 -1lo Expected +loc +20 Observed
_.......- Rre-Fit Bkgd.
50 ’ ’ .
OH H/ Stats 27.2 36.5 50.6 70.5 108.6 blinded
3 B o5t 3 l\ 7
3 b o S Sys. | 28.9 38.7 53.8 78.8 1154  blinded
3 45 D PO i ///&W/i////k HH y . . . . .
8 orsf 3 8 075F £
E — 055
0% 20 40 60 80 100 120 140 160 180 200 21 208 06 04 02 0 02 04 06 08 1
HT_lep[GeV] BDTG score

2023/9/11




Normalization factors

=

- Considering UHF—e and puyp_, are also used in 21lss and 31:
* Float them in SR fitting:

NormPFactor 2¢SS 3¢ 20SS+11had bb4at combined
NF_IntConv_e | 2.01 £0.28 | - - - -
NF_ExtConv_e | 0.80+0.36 | 0.66 +0.13 |~ N - 0.79 +£0.16
HHF-e 1.18 £0.27 | 1.50 £0.50 | 1.27 +1.14(0.87) || - 1.34 + 0.17
MHF-u 1.57 +£0.17 | 1.51 £0.23 || 0.59 + 1.03(0.75) || - 1.56 £0.12
KW Z 0.82 +0.06 | - - - -
HVVj 1.62+0.13 | - - - -
Lerw (fake) 1.24+0.36 | - - - -
NF_VV - - 0981&@@9@1— -
Lt - - = “11.50+0.28 | -
Mmusiz - - - 1.27+£0.22 | -
HVV - - - 1.12+0.46 | -
MHiggs - - - 1.09+042 | -
M Z+jets - - - 1.01 £0.36 | -
Impact on the fitted upper limit:
Channel fix NFs (individual value) | fix NFs (combined value) | float NFs
2¢SS 30.91‘2“2"?7) 34.81‘2‘2'§é
20SS+17haa | 53.855 53.3645°%¢ 63.52,227

Treatment of NFs influence
the upper limit.

For conservative all NFs are
floated in the combination.
Any suggestions?
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Systematics correlation scheme

=
* Use TRexFitter, so 100% correlation (same NP) or 0%.
NPs 2lss 2lss1tau 3l 112tau 212tau bb4l yyml Treatment
: LUMI_Run2
Lumi.+PRW PU PRW DATASF correlated
RES_ALL, RES ALL RES_ALL
EGamma SCALE_ALL, SCALE AF2 SCALE_ALL | correlated
SCALE_AF2 - SCALE_AF2
EFF_ID
Photon - - - - - - EFF_ISO -
EFF_TRIGGER
Lepton
Tau
Common ATLAS NPs correlated
Jet+MET
Flavor
: ggHH signal :
HH signal : HH signal Mostly
Theory backgrounds \i)zili_lgt'oiggil Single Higgs | correlated
Others QMisID Fake tau Backgrqund uncorrelated
modeling
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Results

« Upper limit fit
* 95% CL expected upper limit on ugyy: 9.74.
* MC statistics limitation shows impact in all channels except yy + ML.

ATLAS |Internal

ATLAS Internal

{s =13 TeV, 140 b {s=13TeV, 140 b

o T e e (o T T T Channels | Stats. Only Stats. + MC syst.  Stats.+ full syst.
2r2r i aror| ] 2£SS 30.705317 31.6255-1 34.8152-54
2LSS 2LSS 3¢ 23.8237:03 25.5831-9 28.1350
2LSS ttau 2188 1tau bb4¢t 27.2470- 5 27.6275708 28.7150 ¢
3L 3L 16+2Thag 34.645, o 38.315%-33 4121555
boaL obaL Wl | 3282054 334600 33.9930%9
YY2(4 4 Ti) el o 26SS+1Thaa | 50.507%5 62.37,; 55 63.52,521
yy1£01, + jets B Expected + 16 yy1£0t, + jets +1£07 25.4336.95 25.4336.95 26.6839-3
yy0£ 11y, + jets _ """" Expected * 2c yy0£1t, + jets Expected £ 1o | 7Y had : %2 g% : %g :35% : 2%(9) %g
" - . Expected +20 | YY+0l17ha | 52.58374 52.503759 54.5030
Combined Observed Combined AR L 37 055486 37 055486 38213716
R R T Ty 0 80 100 Y -Y926.70 *Y926.70 “127.53
. : 12.69 13.22 T3.01
Fu I I Syst. 95% CL limit on SigXsecOverSM Stat. on Iy 95% CL limit on SigXsecOverSM Combined | 893644 9'296.70 9.747-02
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Results

* NP Pulls: no obvious strange NPs.
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Results

* NP correlation matrix
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Summary
* We derived the combined results in HH multi-lepton channels.
* Combined workspace is built, and preliminary results are done.
Still need to decide: treatment of NFs.
Comments or suggestions on NP correlation scheme?
Workspace: /afs/cern.ch/work/f/faguo/public/HHComb_ML_ws/ws_combined.root
K is working on in individual channels, will have the combination when mature.
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Summary

* Feedback from meeting:
* For the NFs: both fixing and floating are reasonable, this should be decided as analysis

strategy and can be discussed with EB. But when fixing them we should add a gaussian
constrain to include the uncertainty of the fitted NFs.

* For the results in slide 8: normally people call the 2nd row (stat. + MC) as stat., and don't
show 1st row. This can be discussed with EB and stat. group.

* For the HH theoretical uncertainty in page 7: normally people have ggF HH and VBF HH
separately as bb4L channel did, so it's better to separate them, and correlate them between
channels. It would be easier for the further HH combination.

* HHComb convener care about the kK, results. Maybe it’s good to give them a timeline.
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