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Abstract

The couplings between Higgs and the second generation of quarks are sensitive to some BSM models, which predict that the couplings between Higgs and charm/strange
quarks are larger than they are in the SM. A search for SM Higgs boson decaying to a J/{ and a photon, with subsequent decay of the J/{ to u+pu— 1s presented. The analysis
is performed using data recorded by CMS detector from pp collision at center-of-mass energy of 13 TeV corresponding to an integrated luminosity of 36.42 th™!. We put a
limit on H— J/$+y decay branching fraction at 9.17x%10*, which is about 327 times the SM prediction.

Introduction Muon ID/Isolation & p-y trigger efficiency

T'he process H—=]/{p+y, with the subsequent decay J/p—>u+u—, 1s a promising but Since this analysis uses non-standard L.oose Muon 1D, the scale factors for both

challenging channel in studying the Higgs-Charm coupling at LHC[1, 2]. Muon ID and Isolation are derived independently using tag-and-probe method.
The continuum decay of the Higgs with the same final state occurring through the e T B
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TSP for‘ pr<15 GeV‘ Use J/{p—pp events
‘ pr> 15 GeV‘ Use Z—up events
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loop diagram, H—y*y— uuy, reterred to as Higgs Dalitz decay, 1s considered as a
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part of background and 1s subtracted when deriving the limat.
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The trigger ethciency 1s measured using Z—upuy events in Single muon datasets and

. + B - | . .
Direct process K v ATLAS:CMS 1s applied to MC as a global factor.
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The search for the process H—(]/})y has been performed in CMS and ATLAS with B

Vs=8 TeV pp collision. Both show that no significant excess of events is observed Fig. 7: 118 as function of pr¥ (left) and ErPhoton (right)
above the background.
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Systematic uncertainty

Table 3 shows the full List of systematic uncertainties used 1n this analysis. A
procedure to ensure that the fits are unbiased 1s performed. The pull distributions of

Events/2.0 GeV

(psig(Fit) - Psig(True))/ Osigrir) Obtained 1in different combinations of true and fit functions are
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Fig. 3: The lett plot 1s the result of CMS [5], while the middle one 1s of ATLAS
[6]. The rnight table shows the expected and observed branching fraction limits at
95% C.L. for Vs=8 TeV.

fitted with Gaussian, and the mean values are used to 1dentity if the function used 1s
unbiased. We use Bernstein 2" order polynomial as background shapes for both

Catl and Cat2.

Source Uncertainty

Category
Catl ‘ Cat2

. . Integrated luminosity 6.2%
Event selection & Event yields Theoreical unceriainiies
. . . . o . SM Higgs production cross section (scale) 3.0%
Table 2 below summarizes the baseline selection criteria in the analysis. SM Higgs production cross section (PDF + ) 7.0%
SM Higgs Dalitz decay branching fraction 10.0%
1 |Trigger Muon-Photon trigger with pt*>17 GeV and ErPhoon > 30GeV Det;’icllog j:;f};ﬁ?;g reconstruction: o T 10%
Official Loose ID, muons must originate from the primary vertex ﬁ“iggeiépef event) 11060((7%
2 |Muon selection . . , uon | 070
priedi > 90 GeV; priale> 4 GeV; | n¢ | < 2.4; Isolation is applied on piead Muon Isolation 0.57%
Photon MVA ID Scale factors 0.8% | 0.8%

3 |Photon selection |Photon MVA ID; | nscphOton | < 2.5 (exclude those in ECal gap region); AR (p,y) > 1 S lElec(Er(l)I;i:eto Scale factors L1% | 1.1%
ignal model fits:

42,95 < mpp < 3.25 GeV, 110 < myy < 150 GeV, pri/myr > 0.28, EgPhowon/m. > 0.28 e e tion) prl e

Table 2: Selection criteria
Table 3: List of systematic uncertainties

Category Selection criteria Data | H — J/vyy | H — vy
signal background
Total (Before selection) | 170M 0.335 76.7
After full selection 288 0.0796 0.382 Current results & OutIOOk
Expected yields (with the pile-up weight, all the scale factors and efficiencies) Th@ €Xp€Ct€d upper hmlt at 950/ 0 COHﬁd@HCC L€V€1 iS set:
nlo] < 1.4442 (Catl) 201 | 0.0623 0.302
1.566 < [73c| < 2.5 (Cat2) 87| 0.0173 0.080 o(pp—H)XBR(H—(J/)y—uuy) < 3.01 tb
Table 3: Observed and expected yields after full selection with 1o band:
HoJAyy—puy (2016 13TeV)
Fig. 4. shows the di-muon mass distribution after full selection 1in both categories. 2.11 <oXB < 4.36 tb Sl
AR SRR sz ooy R _ oteseaeil (eTe) The Q'(pp%H)ZSSG pb and the BRO/II)%MIM):OOSS)D we £
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B st oy ) i B s oy i) can derive the limit on BR(H—(J/)y):

BR(H—]/by) < 9.17x 10
| L ? which is about 327 times the SM prediction.
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In the Run-2, LHC is expected to collect 300fb-! of data " oy
at Vs=13 TeV. It’s expected to increase the sensitivity of Fig 9: The expected limut

BR(H-—>]/
H—(]/{)y— uuy about a tactor of 3. on BR(H=]/y)

Fig. 4: The di-muon mass distribution in Catl (left) and CGat2 (right).

The fit to reconstructed my,» with Bernstein 2°¢ order polynomial over the range 110

< mpw < 150 GeV 1s used as background model. The signal shape 1s modeled using
Gaussian plus a Crystal-Ball function with the same mean. The my,r distributions in Summary

Catl and Cat2 are shown in Fig. 5. ® The preliminary results on H—(J/§)y search at 13 eV 1s performed with 2016
gt 2018364207 (18TeV) e 201636421 (1376 36.42 tb'! data . The limit on the branching ratio of this decay is approximately
ok 327 times SM prediction, while in Runl 1t’s 540 times SM value.
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