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MSSM Scenario

* The m}™ scenario (The value of X is chosen to maximize the lightest CP-even Higgs
mass, myo. This 1s an old-fashioned benchmark scenario.): Mgysy 1s 1000 GeV, j2 1s 200
GeV, M5 1s 200 GeV, XPS 1s 2Mgysy (FD calculation), X}\IS is v6Msysy (RG calcula-
tion), A, = A, = A, M3 1s 1500 GeV, 47\[;3 1s 1000 GeV.

* The m‘?OdJr scenario (the myo is close to the discovered Higgs boson mass by reducing the

amount of mixing in the stop sector and the sign of Xy 1s plus.): Mgysy 1s 1000 GeV, p
is 200 GeV, M, is 200 GeV, X5 is 1.5Mgysy (FD calculation), XM is 1.6 Msygy (RG
calculation), Ay = A, = Ay, Mj 15 1500 GeV, f\[gg is 1000 GeV.

» The m}?Od_ scenario (the myo is close to the discovered Higgs boson mass by reducing the

amount of mixing in the stop sector and the sign of X} is minus.): Mgusy is 1000 GeV, ys 1s
200 GeV, M, is 200 GeV, X5 is —1.9Msusy (FD calculation), XM is —2.2Msusy (RG
calculation), Ay = A, = A¢, M 1s 1500 GeV, ﬂ[ja 1s 1000 GeV.
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Chargino&neutralino
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BEDIFFELEER CDF result (t > H'b, HF —

—e— Observed @ 95% C.L. e
— Expected @ 95% C.L.
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g 05 I 68% of SM @ 95% C.L.
Tk [ ] 95% of SM@ 95% C.L.
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0 60 80 100 120 140 160
M(H") [GeV/c?]

my+(GeV/c®)| 60 70 90 100 110 120 130 140 150
Expected |0.13 0.19 0.22 0.15 0.13 0.12 0.10 0.10 0.09
Observed  |0.09 0.12 0.32 0.21 0.15 0.12 0.08 0.10 0.13

TABLE I: Expected and Observed 95% C.L. upper limits on
B(t — H*b) for HT masses of 60 to 150 GeV/c .
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CMS result (combine)

s WBEEYYTARFOEE-tanpEE L DHFRSNT-FE1

19.7 b (8 TeV) 19.7 b ' (8 TeV)
@_ I||l|||llIIll‘lllilllIlIllllll“ @_
= - CMS c CMS T
S S )
- pp — Hb)H’ e
t 5 HD H'—t'v, final states:
- Hst'v, 1 #ets final state 7, Hets &
MSSM m)** H'—tb final states:
—m— Observed s e mg |
10 I []Excluded 10 - Mss: mye =
[ B Expected median + 1o s —&- Observed ]
| mmmem Expected median + 20 L \Eﬁ“ fudes G
. mMSSM = 125 GeV 8% Expected median + 16 |
w m::lssll +425:3GeV @000 oL T e Expected median + 2¢
: — mSS = 125 GeV
—— my*s" = 125:3 GeV
A o O el (S [ w
230 100 110 120 130 140 150 160 2100 250 300 350 400 450 500 550 600
m,: [GeV] m, [GeV]
H H
25
. 2N n
Large Hadron Collider (LHC) HNiE 2§ 2
« LHCHNIERZS v
— €& :27 km
- BEF-BFERE
- BEDRERER
IRILF—:14TeV
— BB/ oT0—:
34 21
10°*cm™s .
— Bunch#§:2808/beam
D “/ — East. Anee:
— Proton#{:1.1 X 10'/bunch a \\—l\ g — |
(et \ 7 1555 52 )
X LINAC &2 ¢ L E Al
N ainca ]

s [FFDMEBETE
— KEREFDERH (Proton &) - Linac(50 MeV) - Proton Synchrotron
booster (1.4 GeV) = Proton Synchrotron (25 GeV) - Super Proton
Synchrotron (450 GeV) = LHC(7TeV)




A Toroidal LHC ApparatuS (ATLAS) f&Hizs 7~
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Missing Transverse Energy (MET)
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ttbar + jets process+reweighting
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Z/W+jets
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Figure 8. (a) Measured cross section for Z (— ££) + jets as a function of the transverse momentum
of the Z candidate, pT in ev euts with at least one jet with pj—l‘fl > 30 GeV and [17°t| < 4.4 in the final
state and (b) as a function of p in events with exactly one jet. The cross sections are normalized

to the inclusive 7 (— £f) cross section. The other details are as in Figure 3.




Fake Lepton (matrix method)
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Fake lepton (event selection)
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tr POWHEG HERAPDFISNLO | P2011C | PYTHIA 6.427 | NNLO+NNLL
t (t-channel) AcerMC CTEQGLI P2011C | PYTHIA 6.425 NLO+NNLL
t (s-,Wt-channel) POWHEG CT10 P2011C | PYTHIA 6.425 NLO+NNLL
HTWW+jets MADGRAPH CTEQ6LI P2011C | PYTHIA 6.425 NLO
ttW/Z+jets ALPGEN CTEQo6LI AUET?2 | HERWIG 6.520.2 NLO
W+jets ALPGEN CTEQ6LI P2011C | PYTHIA 6.426 NNLO
Z+jets ALPGEN CTEQ6LI P2011C | PYTHIA 6.426 NNLO
WWIWZ/ZZ ALPGEN CTEQ6LI AUET?2 | HERWIG 6.520.2 NLO
di-jet PYHTIA CTEQ6LI AU2 PYTHIA 8 LO

« SampleZza>hA—)LiBISES T FILBEBICH TS
— O bkA—)L%ELE : fake & real efficiencyz RiEH S,
* Single lepton channel&dilepton channellZ43 174
— % FIL$ELE : validation &systematics D E1 i, Top-quarkZzE &L A RN MAYE,
* Single lepton channel&dilepton channel 243174

¢ Control region (dilepton channel): real efficiencyZ 5= H 9
— Tag-and-probe method CERLIzA XL U3V EFL

+ Control region (single lepton channel): fake efficiencyZ5|&H 9"
— Only one loose lepton and at least one jet
— e channel: MTW < 20 GeV, MET+MTW < 60 GeV

— mu channel: |dy|>5 d%ig = do/ /B’T"?“(do)




Fake lepton (efficiency for e+jets)
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Figure 5.4: Real efficiency ¢, and fake efficiency ¢ 1n e + jets channel as a function of the

different variables and the trigger options.

The variables are electron cluster eta |n|®, electron

transverse energy p7. and minimum AR between electron and jets. e60 indicates high prp trigger.
e24vh indicates low pr trigger without isolation cut, e24vhi indicates low pr trigger with isolation

cut.
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Fox-Wolfram moment

The second Fox-Wolfram moment 1s calculated from the selected jets [119]. Fox-Wolfram mo-
ments represent geometric correlations between jets. They are based on a superposition of spher-
ical harmonics, Y, (#, ¢), where ¢ and ¢ are the polar angle and the azimuth angle. respectively.
They are defined by

N

l
Am Pil
H = Y 5.13
= |illBil
= Y PP cos ), (5.14)
]

i,j=1

where the index 7 runs over all final state objects which can be defined anywhere at the detector or
jet level, N is the number of the final state objects, (2 is the solid angle, p; is the momentum of an
object i, and /s is the energy of all states i. The P(cos€;;) is the Legendre polynomials and the
cos €2;5 1s defined by

cos {);; = cos §; cos 0; + sin 0;6; cos(p; — ¢;). {5.15)

The second Fox-Wolfram moment indicates H; with [ = 2.
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Control plot (pre-fit 3)
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Post-fit plot (Control region, BDT output, mH+=300 GeV)
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Post-fit plot (Signal region, Hadronic Ht)
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Local p-value
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Figure 7.4: Cross section limit for the produc- Figure 7.5: Cross section limit for the production
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CMS result
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Figure 7.6: Cross section limit for the production
cross section, o(pp — t(b)H') x Br(HT —
th). in semileptonic channel for charged Higgs
bosons at /8 TeV at CMS.

Figure 7.7: Cross section limit for the production
cross section, o(pp — tHT) x BR(HT — tb),
in combined channels for charged Higgs bosons
at /8 TeV at CMS.
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ATLASZEER ECMSZEER O L BR h
« Expected Limit® LLER

Table 7.1: Comparison of expected 95 % CL limits on o(pp — tH') x BR(H™ — tb) between

ATLAS and CMS.
my+ [GeV] || Expected limit from ATTAS [pb] | Approximately expected limit from CMS [pb]
200 3.78 2.00
250 1.98 1.20
300 1.44 0.80
350 0.96 0.60
400 0.64 0.50
450 0.45 0.40
500 0.40 0.30
550 0.31 0.25
600 0.25 0.20

¢ Observed Limit® LLER (200 GeV&E600 GeV)
— ATLASZEER
m,,,=200 GeVIZFHLVT6.28 pb, m,,,=600 GeVIZF L1 T0.24 pb

— CMSEER
m,,,=200 GeVIZFHLVYT2.2 pb, m,,,=600 GeVIZF L1 TO0.15 pb
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Figure 18: Expectations for the 20 sensitivity in the AMSSM [tan 3, M 4] plane when the searches
for the A/H/H% states in all channels, including the gg — H/A — tt process, are combined at the
LHC with /s = 8 TeV and 25 fb~! data.
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Figure 19: The same as in Fig. 19 but at the LHC with /5 = 14 TeV and 300 fb~! data.
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