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1. Why LHeC？
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A Critical Point in Search of New Physics

• Experimental status:
• SM+GR consistent 

with all observations 
so far.

• Theoretical side:
• Naturalness is highly 

debated.
• ……
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A Critical Point in Search of New Physics

• With no definite experimental clue and irrefutable 
theoretical guideline at hand,  measuring precisely what we 
already have (eg. Higgs) could become progressively 
important, both as precision tests of SM and avenues to NP.
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The Phenomenological Higgs Landscape

• Mass
• Width
• Spin-Parity
• Coupling

• hVV, hff, hVff
• 3h,4h, hhVV
• FCNC Higgs coupling

• Exotic Higgs Decay
• h to invisible
• h to 4b
• …

D. Curtin et al., Phys.Rev. D90 (2014) no.7, 075004



如何通过精确测量尽快确立BSM存在？
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Collider Type Considerations
• (HL-)LHC

• Large signal cross sections
• Large backgrounds
• Large pile-up

• Higher thresholds needed to 
control systematics

• Significant impact on the 
performance of objects like jet 
and MET

• Electron-positron collider
• Small backgrounds
• Pile-up negligible
• Small signal cross sections
• As long as the Br is not too 

small, e+e- machine will 
provide an ideal environment 
for probing exotic Higgs decay.

Significant impact on exotic Higgs decay 
searches



Electron-Positron collider (CEPC, FCC-ee or ILC) is ideal for 
studying most of the exotic Higgs decays. 

However, what is the best sensitivity we might achieve if such 
lepton colliders are not available before the end of HL-LHC? 
Does there exist any other option?
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Collider Type Considerations

• LHeC
• Small backgrounds
• Pile-up negligible
• Small signal cross sections



LHeC Basic Information

• Time schedule: expected to run synchronously
with HL-LHC (because it has to utilize the proton 
beam of HL-LHC).
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LHeC Basic Information

• Beam
• 7 TeV proton (from HL-LHC)
• 60 GeV electron (Energy limited by power consumption) 

(Electron beam may achieve -80%~-90% polarization)
• Up to 1ab-1 luminosity for precision Higgs studies

• Detector
• Very large acceptance (eta coverage up to ~5)
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O. Bruening, LHeC Accelerator Studies and Considerations, talk at LHeC 2015 Workshop
A. Gaddi, LHeC Detector: Preliminary Engineering Study, talk at LHeC 2015 Workshop



2. Physics Highlights @LHeC

8/24/2016 14



Bottom and Charm Yukawa Measurements
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O(1%) determination of Hbb and O(10%) determination of Hcc are possible at the LHeC.



Bottom and Charm Yukawa Measurements
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Precision Parton Distribution Functions
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(ATLAS 7 & 8 TeV Higgs in diphoton decay 
channel) Breakdown of systematics

Breakdown of theory systematics for 
Higgs production



Precision PDF
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O.Bruening, M. Klein, 1305.2090



AlphaS Determination
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J. M. Campbell et al., 1310.5189



Light Quark Weak Neutral Coupling
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Vtb and Top Quark Anomalous Coupling
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Vtb Top FCNC



Weak Mixing Angle

8/24/2016 22



3. Exotic Higgs decay @LHeC
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Invisible Higgs Decay @ LHeC 

Signal cross section ~ 20fb before Higgs decay & 
cuts (Assuming -90% electron polarization).

• Motivation: Important and well-
motivated signature in many 
types of BSM & regular constraint 
on DM models, complementary 
to DM direct detection.

• Signal

• Backgrounds
• Wje
• Wjν
• Zje
• Other (top quark, 

photoproduction, e+multijet 
etc.)



Invisible Higgs Decay @ LHeC 
• Beam

• 7 TeV proton + 60 GeV electron
• electron is -90% polarized

• Energy smearing

• Basic cuts
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0.6  for jets 0.03 for jets, , 0.0055 for leptons0.05  for leptons
GeV

E E GeV
         

• Cut flow after basic cuts

LV pT threshold: 5 GeV for muon, 7 GeV for electron and 
20 GeV for visible hadronic tau.
LV eta coverage ~ 5.0
Hadronic tau tagging efficiency: 70%
Tau decay treated in collinear approximation.
Assumptions on visible tau momentum:
Leptonic decaying tau: 1/3
Hadronic decaying tau: 1/2

Treatment of tau decay checked with TauDecay package.
(K. Hagiwara, T. Li, K. Mawatari and J. Nakamura, 1212.6247)

Convention: Proton direction corresponds to positive pseudorapidity.

Event generation and analysis tools: FeynRules, MG5_aMC@NLO, MadAnalysis
PDF: NNPDF2.3 LO

(parton level analysis)



Invisible Higgs Decay @ LHeC 

2 2
MET Br(h )VC invisible   Br(h->inv)=6%@2σ level with 1 ab-1

(Parton level, assuming κV=1.0 )



Invisible Higgs Decay @ LHeC 

• Checks and more realistic simulation (preliminary results by Satoshi 
Kawaguchi and Masahiro Kuze (LHeC Study Group) from Tokyo Institute of Technology)

• Cuts are found to be sufficient to suppress e+multijet background. (At 
least via a fitting function approach)

• After MadGraph+Pythia+Delphes with Pythia and Delphes customized 
according to LHeC study, it is found that Br(h->inv)=7.5% can be 
probed at 2σ level with 1 ab-1, which shows no substantial degradation 
compared to parton level analysis.

• With Br(h->inv)=7.5%, S/B approaches 3.3%.
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Invisible Higgs Decay @ LHeC 
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(Rough) Estimation of systematic uncertainties (for Wje background)

The sensitivity is not expected to be 
significantly degraded by the inclusion 
of systematic uncertainties. Minor 
degradation of sensitivity due to 
inclusion of systematics is expected to 
be compensated by further analysis 
improvement (e.g. MVA).



Sensitivity Comparison

• By “sensitivity” I mean sensitivity of direct search 
rather than the bound derived from global fit of 
Higgs signal strength.

• Current bounds from LHC
• ATLAS Combination: Br(h->inv)<25% @95%CL
• CMS Combination: Br(h->inv)<24% @95%CL
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ATLAS, 1509.00672
CMS-PAS-HIG-16-006 Sensitivity mainly from VBF channel.



Sensitivity Comparison

• Ideal sensitivity for the invisible Higgs search can be 
reached at a high energy electron-positron collider:

• ILC: Br(h->inv)<0.9% (0.4% for LumiUp) @95%CL
• CEPC: Br(h->inv)<0.28% @95%CL
• FCC-ee: Br(h->inv)<0.19% @95%CL
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Higgs Working Group Report, 1310.8361
CEPC-SppC PreCDR



Sensitivity Comparison
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At (HL-)LHC, an invisible Higgs can be searched for via ZH and VBF channels. 

O. J. P. Eboli, D. Zeppenfeld, hep-ph/0009158
H. Davoudiasl, T. Han, H. E. Logan, hep-ph/0412269
Y. Bai, P. Draper, J. Shelton, 1112.4496
D. Ghosh, R. Godbole, M. Guchait, K. Mohan, D. Sengupta, 1211.7015
C. Bernaciak, T. Plehn, P. Schichtel, J. Tattersall, 1411.7699
J. Brook, M. R. Buckley, P. Dunne, B. Penning, J. Tamanas, M. Zgubic, 1603.07739



Sensitivity Comparison
• ZH with Z to ll: ATLAS simulation
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ATL-PHYS-PUB-2013-014



Sensitivity Comparison

• VBF Channel: As far as I know, no publicly available 
projection from experimental groups exists. Two 
studies done by theorists:

• (BPST) C. Bernaciak, T. Plehn, P. Schichtel, J. Tattersall, 
1411.7699

• J. Brook, M. R. Buckley, P. Dunne, B. Penning, J. Tamanas, M. 
Zgubic, 1603.07739
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Sensitivity Comparison
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BPST basic cuts BPST VBF cuts

BPST 2-jet analysis BDT variables Assumptions on systematic uncertainties:
Only CRS & LID included, assuming 
scaling with the square root of luminosity.



Sensitivity Comparison
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ATLAS Phase II Upgrade Scoping DocumentATL-CONF-2013-082



Sensitivity Comparison
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Sensitivity Comparison

• Summary of sensitivity comparison in VBF channel of HL-
LHC:

• Current HL-LHC sensitivity estimation has large uncertainties due 
to to-be-considered pile-up effects and systematic uncertainties.

• LHeC has negligible pile-up and should also have better control on 
systematics.

• With an improved analysis (e.g. with MVA) in the future, the LHeC
sensitivity to an invisible Higgs is expected to be comparable (or 
even better) than that of HL-LHC (in VBF channel).
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More General Considerations

• Lepton-hadron colliders are suited to studying those exotic 
Higgs decays which suffer from large backgrounds at 
hadron-hadron colliders.

• More generally, lepton-hadron colliders are suited to 
precision study of new resonances after their discovery in 
hadron-hadron collisions, if a lepton-lepton collider with 
enough center-of-mass energy is not available.



More General Considerations

• Exotic Higgs decay: h to 4b
• At the (HL-)LHC, this process can be probed via WH associated production.
• Top-quark background is large and jet pT threshold is crucial.
• Sensitivity at current and future (HL-)LHC is not satisfactory.

K. Cheung, J. Song, Q. S. Yan, hep-ph/0703149
M. Carena, T. Han, G. Y. Huang, C. E. Wagner, 0712.2466
J. Cao, F. Ding, C. Han, J. M. Yang, J. Zhu, 1309.4939

ATLAS, 1606.08391



More General Considerations
• Preliminary study of h to 4b at the LHeC, which is well-motivated in 

SM+S, 2HDM(+S) and NMSSM. (S. Liu, Y. Tang, C. Zhang and S. Zhu, work in progress)

And many more channels are worth considering, such as bb+ditau, 4tau, bb+MET, photon+MET, Z+MET,etc.,



4. Conclusions and discussions
• With no definite experimental clue and irrefutable theoretical guideline at hand,  measuring 

precisely what we already have (eg. Higgs) could become progressively important, both as 
precision tests of SM and avenues to NP.

• High energy DIS can play an important role in probing a wide class of exotic Higgs decays. We 
demonstrate this point by study the sensitivity for an invisible Higgs at the proposed LHeC and 
compare it with the HL-LHC, which shows that the LHeC is promising in offering a comparable 
(or even better) sensitivity. We also display very promising results in h to 4b decay channel.

• If a lepton collider with sufficient c.m.s energy is not available, a best precision for studying newly 
discovered resonance in hadron-hadron collisions might be achieved through a synchronous 
lepton-hadron collider.

• The LHeC has an extremely rich physics program which optimally uses the LHC infrastructure 
and will enable the LHC to be transformed into a precision physics facility of increased value. 
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