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@ Benchmark points

© Collider signals of benchmark points
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e 100 TeV FCC-pp/SppC
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Gauge invariant models: FDM, VDM and SDM

Lagrangians:
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Benchmark points

@ The relevant parameters in FDM for collider search:
=3, sina = 0.3, m, =80 GeV and mg, = (200, 300, 400,500) GeV.

ﬂ’?nM<H ) = T(Hy — xx) + T(Hy = WW/ZZ) + T(Hy — ff)

2 3 2 4
m g 4m Gumy my, my,
=cos®a- gl —2(1—- —%)%? 4 sin’a- 25y |1—4 V (1—4 +12 )
8 mH, 1627 m,H2 TnH2 mH2
2
my o 3mpg 4m
R e B
81 mH2

where f is the SM fermion, V = Z, W and §y = 1(2) for Z(Wi).

@ Parameters for the vector DM production are chosen accordingly:

sina = 0.3, my = 80 GeV and gy is chosen such that the total decay
width of Hs is the same as benchmark points of FDM.

mp, [GeV] 200 | 300 | 400 [ 500
[omin(H2) [GeV] || 14.2 | 60.1 | 103.0 | 144.5
gv 3.53 [ 3.07 | 2.37 | 1.91

@ Fix mg = 80 GeV and take appropriate Agg such that the production
cross section of the signal process is the same with that in the FDM.
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© Collider signals of benchmark points
o ILC
e 100 TeV FCC-pp/SppC
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General feature
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Features of DM spin at the ILC

The dominant DM production process:
ete” — Z(— ff) Hi2(— DD)

DM pair four-momentum:

Pll;D = P:Jr + Peu_ — Pg = (\/E — Ez, —ﬁz)
DM pair invariant mass:

m%, =s+m% —2E7./s
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Features of DM spin at the ILC
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Discovery prospects of the hadronic channel

Kinematic distributions:
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Discovery prospects of the hadronic channel (FDM)

TMVA overtraining check for classifier: BDT

PR Signal lrest sample)

[ Background (test sample)
s

o Signal (iraining

o

* Backgrou

Preselection cuts:

test: signal (| kg

(1/N) dN/ dx

@ Lepton veto
e Exactly two jets
o Emiss > 50 GeV

v b b by
U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%
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BDT response

Boosted decision tree analysis with inputs:
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Discovery prospects of the hadronic channel (FDM)

FDM200 | FDM300 | FDM400 | FDM500
ol [fb] 1.643 0.9214 | 0.4221 0.2526
ePre 0.796 0.717 0.655 0.698
BDT 0.3615 | 0.2132 | 0.1929 | 0.2129
Ng /1000 fb~1 697.8 410.5 148 102
Ng/1000 fb~! 2248.5 | 11453.5 | 12736 10898
Ns/v/Ns+ Np || 12.85 3.769 1.31 0.97
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Spin characterization

The same preselection and BDT cuts as used for FDM the benchmark point
FDM200 (FDM300) are applied to the corresponding benchmark point SDM200
(SDM300) and VDM200 (VDM300).

SDM200 | SDM300 | VDM200 | VDM300
o [fb] 1.643 0.9214 1.734 0.8674
ePre 0.7875 0.7875 0.801 0.711
Ns /1000 fb~+ 447 322.3 726 363.5
S 4.4 3.3 0.59 0.44
. After BDT cut (mH7:200 GeV) ) After BDT cut (mH7:300 GeV)
%1 - %m;_somm 5 Nl_FDM—}-SM B NiSDM—{—SM
g L %4000§—VDM+SM SDM: 5)(2 = 1:21( FDM15M )2
: :imzﬂ : VDM: § = [Ng°M — NnyPM/ /N
L — FDM+SM -
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@ CGauge invariant models: FDM, VDM and SDM

© Collider signals of benchmark points

e 100 TeV FCC-pp/SppC

© Conclusion
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Signal: mono-jet?
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Signal: mono-jet?

95% CL upper limit O/Oe0ry

12.91b" (13 Tev)
T T

10 T T T T
9 cms

Scalar med, Dirac DM, m,, =1 GeV, g, =1,g,, = 1
8f Observed 95% CL
------- Median expected 95% CL
7E I so% expected
6 [ ] 95% expected
5
4
3
2

—

1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500
m_ .4 [GeV]

CMS mono-jet search,

arXiww:1708.01651

c
s F
] C - Scalar
L 025 "
Lo - Fermion I,
§ L ~eeee Fermion 20T
[T
£ — Vector I,
osf- —— Vector 20xT"
01—
oos-[™
E | o L
100 200 300 400 500 . 600 700 800
e
T
Ccms 35.9 b (13 TeV)

T — T

a)
| Scalar mediator, Dirac DM, m, = 1GeV, g, =1,g,, =1 1

95% CL upper limits
<= Observed = theory uncertainty
----- Median expected

[ 68% expected

[1 95% expected

2
T

-
o

T

95% CL upper limit /0y,

T

10"

_.
5]
a
U

CMS tt+DM search in dileptonic

channel,

arXww:1711.00752

M. R Buckley et.al.;
U. Haisch et.al.;
F.Boudjema et.al.;

J. Ellis et.al.

Ql—=
Q|
o
Ele
i)
T
‘

0.5

0.4

0.3

L L B B B

My ,=100 GeV

0.21 BR(H(A)-» inv)=1
150 Ol | I ]
1 :
08 j 3 3
A¢

0.5

0.4

0.3

%, 200 GeV

Myya=100 GeV

BR(H(A)—> inv)=1
‘ s

Jinmian Li (KIAS)

DM Spin at colliders

CLHCP2017 14 / 22



Signal and background

The dominant DM production process:

Dominant background processes: (= biw)t(— blv)+ DM
Cross section (NLO) FDM200 34.2 tb
tt 1316.5 pb FDM300 18.7 tb
tHW 20.5 pb FDM400 14.8 b
ttZ 64.2 pb FDM500 12.5 tb
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Features of DM spin
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Analysis strategy

@ Preselection: Exactly two opposite sign lepton and at least one b
jet in the final state.

@ Myy §é [85,95] GeV.

Delphes(After preselection), gx=3 Delphes(After preselection), gx=3
80000~ 80000
k=l = kel =
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o ENss > 150 GeV.
e mp,(l,1) > 150 GeV.
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Cuts flow for SM processes and Signals

7114
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Discovery prospects

Binned log-likehood analysis:

tie Tt L(data|H
L(datalMa) = [[ #—=—, @ =—2log (ﬁ) |
0
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Spin characterization

Using only the distribution of E?”SS:
Ho is the FDM + SM, H, can be VDM/SDM + SM

Jinmian Li (KIAS)
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Spin characterization (EZ7** and cos(6y

Two dimensional binned log-likelihood test: L£(data|Hy) =[],

|cos(6u)|
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Conclusion

@ The gauge invariant Higgs portal DM models for FDM and VDM
require at least two mediators, while that of SDM only need one.

o At the ILC, (1) mpy, < 300 GeV can be probed at more than 3-o
level; (2) For those discoverable benchmark points in the FDM
model, the spin discriminating against SDM can be made with
23-0 level, spin discriminating against VDM is difficult.

e At the 100 TeV p-p collider, (1)All benchmark points should be
probable at integrated luminosity of O(100) fb~! at 100 TeV p-p
collider; (2) The spin discriminations for our benchmark points are
possible at O(10) ab™!. (3)Those values are all below the targets
luminosity of FCC-hh, which is ~ 20 ab~1.
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