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| MOtivation Study Higgs self coupling x;, and Higgs boson-Vector boson coupling €,
' N\ Unique features of VHH production
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HH production at 14 TeV LHC at (N)LO in QCD 1
My=125 GeV, MSTW2008 (N)LO pdf (68%cl) _
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A, 24n  ~ 2 1 As 3rd largest Higgs pair production modes. VHH is demonstrated to provide competitive
| V(d) = Z A2n (‘DT(D — vZ) = Ag (d’hb — 172) + O (F) upper bounds. [3][4]
I n>0 — VHH channel is sensitive to positive k; [2]
{2
Di-Higgs SfUd)’ can contribute to Higgs pofential Sl'Ud)’. [1] The charged lepton and invisible neutrino from W- or Z-boson decays in the VHH e
production provide a good trigger of signal events. ]
Lagrangian can be written as the following form: VHH can directly distinguish ZZHH and WWHH by numbers of final states leptons. 13
A3 and 1, corralated to 3H and 4H vertices respectively. 482 a0 s
1 mé mé . ——
h h < SprrrrTTrTTTTTTTT B TABLE III: The sensitivity to Aggg = KA in several
L —_— - hz + A.3 — h3 + }.4 _2 h4 f: 7— %TfffTZL?";?';‘f"%,w EE%ozéaeHié%gss—i production channels of Higgs boson pairs at tﬁg II{IL-LHC.
2 2V 8V | 6? E;pfifi (KK.A==K:)=Kb=1 [3] — [4] SM 50 discovery 20 exclusion
» H 5- -, . (k=1) potential bound
@ N I WHH 1290 [k < =77, k> 4851 <k 2.2
P R ! ZHH 1.320 |k < —8.1, k> 4.8|—5.4< k < 2.2
/7 o T GF(bbyy) [66]| 1.190 |k < —4.5, & > 8.1|—-0.2 < k < 4.9
) S | /7S GF(bbyy) [67]| 1.650 |k < —2.6, k>6.3| 0.5 <k <4.1
O;??T/T.(?L.l...,_.w.’.’..1..1....5 VBF [43] 0.590 |k < —1.7, k>5.0/-04 <k <3.5
=0 SIaSi0 See (E 20 R Kf‘  THH [44, 45]| 1.380 |k < —11.4,5 > 6.9| -T2 <k < 2.5

Events Selection

4 analysis channels: based on the decay of vector bosons
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: Bring extra sensifivity over KI

Double Leptons; Single Lepton; MET; Full Hadronic : T Ki Categorization ;03_:,”::0 ; ;03 P
| Deeplet and ParticleNet are used for Jet tagging '3 [0 Signal (fest sample) | - Signal (training sample) | [ tosl ) j
| % 1.4 ; ‘ Backgroun.d (test sample) - Background (training sample) 0.1 ' 0.1
pregE g 1.2;_ og : sig ground) probability = 0.905 (0. - e .
. (77w High Coupling Cats | SM Coupling Cats £ K ‘ R L
o e | E ol 7 : ® Samples used for training is K| =20 vs KI =0
,wm*fzkf”fi;f/g; N -_H \ = : ® 3 year MC are combined for training
o 1)?‘\ R < S S ‘ L ® Variables and BDT models are optimized in all channels
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- i SvB Classifiers{ | SvB Classifiersi { SvB Classifiers Trained separately in High KI/SM Kl regions |
S, - | WivSvB BDTI T TiE Wiy SvB BDT2 ® |n V-Lepl'onic channel | i
w gﬂ ] ® 3 channels X 2 K| Cats = 6 SvB BDTs
b\? H l
S VS T S CEN T ® In V-Hadronic channel
LY - (- N . . e
/f A /;j % : pait| | 4 N ® An ResNet based SvB Classifier is trained
) g A 1 D i ® Optimized (inputs, models) in each channel.
MEINISE,  Resolved and Boosted topologies [+ AOoNTR - g B, DeNT i . . |
BER ] il § el SvB Classifier scores will be used as the observables for template fit
® Signal Region(SR) : rHH < 25GeV e High Purity (HP) : Dhb > 0.94 — R — - = = Jsaiaor - O A AR
® Control Region(CR) : 25GeV<rHH<50GeV e Low Purity(LP) : 0.90<Rhb 777 2\ Resu It
e SideBand(SB) : 50GeV < rHH ® Failed Region(FR) : 0.80<Dhb<0.90 | WH %}‘i HM  *First search for VHH production in CMS, published on Moriond 2023

. *Complementary to previous analyses, strong sensitivity at k; around 5: 43(22)

simulated ZHH > Ibbbb event

— — T T *Report observed 2.60 excess @ SM, the observed (expected) upper limit at 95% CL is
Background Modelling |1294(124) times the cross section from SM prediction
Novel Machine Learning based background modelling technology is adapted a
l . o .
| | | | *The observed (expected) allowed intervals from the search at 95% CL are:
w
*In 2L channel (and Boosted topology), we use 2b-tagged MC events(failed selection events) Weight, = bin, Pass
o o o o o bin i .
to mimic the background events in reseaching regions. Whin. Inverted R — T,
] KA Kyv Ky Kzz Kww s R -
Observed (—37.7,37.2) (—122,135) (-37,38) (—174,185) (—14.0,154) . 5
. | Expected (—30.1,289) (=72, 89) (=3.1,31) (—105116) (-102,11.6) '
. BDTsareusedinthe ||  ows wewlgetey _ oMs  qsswl(sTey) _ oMs  imp'(3Tev) .
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" "B I ek = 68% expected 41 I 100k == 68% expected 4 I 10* 3 o = 68% expected 3 C 1 10
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* In Hadronic channel, ResNet based NN is used to realize the data-driven BGs 5 S S { |
| mOde”ing for QCD process from 3b-fdgged data. .  SMSinternal HH Signal Region Pass #M ,  CMSntrmal HH Signal Region Pass #M(i] H i 10;—
' g eo_:_— [ﬁ] ho‘:t';.;‘am', Runll g 250/— [ﬁ ;z:j;am; Runll ] 40 20:_
w 70:_% ng_ Uncertainty = B E:m. Uncertainty 4 138 fb™ (13 TeV, 138 fo™ (13 TeV) :
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1.Jet Combinatoric Model(JCM): A weight only based on jet £ Bt — 10 5y Separate measurements on
multiplicity (pseudo-tag rate fitted in the data minus TT) o L, - | notusve| | e 145 (sta) * (syst K,, and K.,
| 20E- I o *Upper is expected
2.FvT Classifier: A weight mostly based on kinematic, derived = : ' e - " ) s (5180 4 (V50 Bottom is observed
by a ResNet which has the same architecture as the SvB : N : e S L
CIGSSiﬁer. % - : | ' ! l % 3 'Upper I!m!t @ SM iS 2.94(]24) 1L ___ 12_*79:(stat)f35:(syst) oThe besf ﬁf signql sh-engi-h is
s 1 ' ; | oL s F |||| l *Upper limit @ K,=5.5 is 43(22) L o e e | *Observed excess is 2.6 with SM signal
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