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Theory and Motivation

® 2 Higgs doublets in MSSM

® 8 degrees of freedom
® - 3 Gauge-Bosons W', W', Z
® - 5 Higgs-Bosons
mh AHH,H
® Pseudoscalar A decays mainly into
fermions

® Motivation for the considered
MSSM Higgs production
processes and decay channels

" MSSM is just a particular model )
for Higgs-Doublet-Models in

general:
- Look at model-independent

\_interpretations of the data, too /
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® On tree level Higgs masses
defined by m, and tanf3
® m _—massof A

® tanf - ratio of the vacuum
expectation values of the
Higgs doublets
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Analyzed channels and datasets

W eyt+er+ Uy + Ut + 11
® The fully hadronic tt channel is new to BSM analysis
® Planed to add ee channel for paper

W 49fb*at7TeV and 19.8 fb™* at 8TeV
W 171 Uses only 8TeV dataset (=18.3 fb™)

Institute of Experimental Particle Physics (IEKP)



Event selection -\g(“.

Karlsruhe Institute of Technology

® Two well reconstructed, isolated leptons of opposite sign:

channel P, In| P Il

el > 20 GeV (e/u) < 2.3 (elp) > 10 GeV (We) < 2.3 (We)
et > 24 GeV (e) <2.1(e) > 20 GeV (1) <21 (1)
UL > 20 GeV () <2.1 (W > 10 GeV () <2.1(W
MT > 20 GeV () <2.1 (W > 20 GeV (1) < 2.3 (1)
1T > 45 GeV (1) <2.1(7) > 45 GeV (1) <2.1(7)

B el Dz = Pz — 1.85-PZViS > -20 GeV
W eT, UT: MT < 30 GeV
® pp: Special BDT trained for rejection of Z/y* —» pu events
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Background estimationin @ - 1T '-\\J(IT

CMS Preliminary, H—tt, 19.8 fb™" at 8 TeV

= Sty T lea T
Zly* - TT.: . M 18 B-Tag —o— ;:r:{bk + H(125 3
* Embedding: in = 16 i B Z ce 3
Z - uy, replace p by = .
sim. T decay -E b _
* Normalized from = 12 Mihar (M, 7160 GeV, tanB=8) 3
Z - pp events TS 4 _ =
= E Work in E
5 progress -
ttbar: 4 i 3
* From simulation 5 - E
* Normalization from F ] ™ ]
sideband 2 100 200 300
m,. [GeV]
QCD: Di-boson/W+jets: ZIy* - ee (pp):
* Normalization & * From simulation or data * From simulation or data
shape taken from * Normalization from * Corrected for jet -,
SS/OS or fakerate sideband e/u — 1 fakerate
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Categorization ﬂ(“.

Karlsruhe Institute of Technology

m The chosen categorization is Higgs-p_independent in order to stay as model
independent as possible
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Bin-by-bin (bbb) uncertainties _\ﬂ(IT

® Allowed bbb for all backgrounds in all channels

® Add bbb uncertainty if

the bin-error/bin-content > 5%
® 2003 added (might change since work in progress)

® Drop bbb uncertainty if

pulls of bin-by-bin uncertainties ¢ size of the prefit uncertainty
< 10% of bin-content

W 1696 dropped (might change since work in progress)
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Tail-fitting _\.\J(IT

Karlsruhe Institute of Technology

no-btag btag
| For the hlgh Mass tallS (typlca”y MTT e-mu (7TeV) EWK ttbar,Fakes EWK ttbar
> 150 GeV) Of Several backgrounds e-mu (8TeV) EWK ttbar,Fakes EWK ttbar

an analytic fit is performed e SO :

e-tau (8TeV) QCD,TTW QCD,TT,W

f:eXp[—m”/(CO+C1m”>] mu-tau (7TeV) QCD,W QCD

mu-tau (8TeV) QCD,TTW TTW

B Used to estimate background in S e e

bins where MC-statistic is limited

® Uncertainties on the shape of the
fit function are accounted by
adding two shape nuisance
parameters (corresponding to the two _
free parameters in the fit) ; e

W Corrects for possible systematic E EWK ep. 7TeV b tag
miss modeling of the high mass o
tails

dN/dm_ [1/GeV]
T IIIII| T TTI

LU L

200 400 600 800 1 000 1200 1400

Ratio

COoo o
koo _edo
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Postfit — ut b-tag

/TeV

CMS Preliminary, H—tt, 4.9 fb™" at 7 TeV

 —
B clectroweak
 — e les]

12

10

dN/dm_. [1/GeV]

progress

Work in :

0 100 200 300

42Indf=0.000, P(x?)=1.000

Data/MC-1
=)
=

0
m., [GeV]

=}
=
=]
=]
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8TeV

0 CMS Preliminary, H—1t, 19.8 fb™' at 8 TeV

[}

Q

-

._:_, I clectroweak

*J ] acp

.g bkg. uncertainty

= Mihay (M, =160 GeV, tanp=8)

©

Work in
progress
10 p—r—r— —— —
E 42/ndf=0.000, P(y%)=1.000 3

08 [ E
06 E ]
0.4 F ]

3 = -

O oz E -4

= o .

g 02 E |
04 2
06 c
08 E 3
10 B =

o e aw
m., [GeV]
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Postfit — Ut no-b-tag

10

dN/dm_, [1/GeV]

Data/MC-1

/TeV

CMS Preliminary, H—tt, 4.9 fb" at 7 TeV

L] L] L] L] I L] L] L} L} I T 1] T T
10° PHT, >
—e— sumibkg) + H{125 [}
108  E— s Q
 — i
- electroweak fd
10° ] acp =
EZE24) bkg. uncertainty E
=]
10 Miax (M, =160 GeV, tanp=8) E
©
1 -
Work In
10"
progress
1072
10°
10
1.5 — — r
F %%/ndf=0.003, P(x?)=1.000 3
10 F <
os E E -
C 3 Q
0.0 : : -Eﬁ
E ] &
05 : : a
o E £
1.5 : — S L P T P 3
o 500 1000 1500

m,. [GeV]
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8TeV

CMS Preliminary, H—1t, 19.8 fb" at 8 TeV

10
| I et
3
10 E clectroweak
/] aco
102 bkg. uncertainty
. mi.., {(m =160 GeV, tanB=8)
10 "

1 ‘ Work in
10" progress

0.5

0.0

-0.5

o0 o w00
m., [GeV]
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2D Likelihood scan - gg® vs bb® - SM-injected

B A simple 2D likelihood scan of the gg®-bb® plane is performed

Preliminary, Combination, L = 19.8 fb™" at 8 TeV
L] L

E i L] I | | | I | | | I | | | I | | |
& B m¢ =120GevV = - 950/0 CL
% [ = 68% CL
X 4" Work in 4= Best fit
3 [ )
L progress SM Higgs
-,? - Prog A 125GeV
o o[
(@)}

8

gg—0xBR [pb]

gg—bbdxBR [pb]

Preliminary, Combination, L =19.8 fb™ at 8 TeV
L] L] L

- m,=130Gev = = 95% CL
i I 68% CL
[ Work in & Best fit
| progress ASM Higgs

125GeV

SKIAT
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gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected -\\J(IT

B Possible to test different BSM scentarios

E i L] I L] L] L] I T L] L] I L] L] L] I T T L]
o | m,=500Gev = = 95% CL
o - = 68% CL
Q o.08f- + 5 °t o -
€& [ Workin estht
T .0l  Progress M’ (A+H)
o 006K m, =500 GeV ]
© tanf3 = 25
0.04 -
0.02 -

Preliminary, Combination, L =19.8 fb™ at 8 TeV
L L]

o'oﬂo 0.02 0.04 0.06

0.08

gg—0xBR [pb]

12
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Limits on o(gg®) * BR(11) ..\g(“.
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® Calculating upper limit on 0*BR(gg® - 11) while 6*BR for bb® is profiled

CMS Preliminary, H—tt, 19.8 fb at8 TaV

............................................. ................ Expected |_|m|'|'_ l

P
Limits on a(gg®) * BR(11) T
comparison o expeeied Limits o . i

- TT,
- Comblned(H—rrc)

95% CL limit on 6(gg—0)xBR [pb]

200 300 400 1000

m, [GeV]
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Limits on o(gg®) * BR(tT)

CMS Preliminary, H — 11, 19.8 fb™' at 8 TeV

SKIAT

Karlsruhe Institute of Technology

|
10° —e— Asimov w/ H(125)
—— expected
102 [ ] £ 10 expected

[ ]+ 20 expected

gg—¢ bb profiled

Work in
progress

95% CL limit on o(gg—¢)xBR [pb]

10'3 I 1 1
100 200 300 400

1000

m, [GeV]

combined

14
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Limits on o(bb®) * BR(1T) AT

Karlsruhe Institute of Technology

® Calculating upper limit on c*BR(bb® — t1T1) while 0*BR for gg® is profiled

CMS Preliminary, H—tt, 19.8 fb at8 TaV

Expected L|m|t
- el‘L
----- BT,
S

nT
=TT

Limits on o(bb®) * BR(11)
comparison of expected Limits

DTV T ———— "s..__.... -“'h ........ .......

95% CL limit on 6(gg—bbd)xBR [pb]
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Limits on g(bb®) * BR(t1)

CMS Preliminary, H — 11, 18.3 fb™' at 8 TeV

10° —e— Asimov w/ H(125)
—— expected
102 [ ] £ 10 expected

[ ]+ 20 expected

gg—¢ profiled

Work in
progress

95% CL limit on o(gg—bbd)xBR [pb]

10'3 I 1 1
100 200 300 400 1000

m, [GeV]

combined
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BACKUP
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Transverse mass MT and Pz variable _\\J(IT

m M_is computed using the transverse mass of the electron (muon) plus
the missing transverse energy of the event

Mr = \/(P{l +Er)’ < ((PH R (P;j+ E’y)z)

®m The quantity Dz: Pz — 1.85-PZViS utilizes the fact that the angle between
the neutrinos and the visible tau decay products is typically small

P- = pis1 L pus2 E Transverse 7‘_ |
[; T T T Plane / !DT \ L, )
vis _ puis ~UIs /
Py = PPt 4 P N
. Ek /, P;\/IS
® Both used to suppress various T T z .
- - \
sources of backgrounds mainly W+jets 2 \
\\S{ F;T‘ x
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Limits in tanf-m_plane
’ AT

comparison of expected Limits

CMS Preliminary, H—o1r, 4.9fb" at 7 TeV, 19.8 fb' at 8 TeV CMS Preliminary, H—o1r, 4.9fb" at 7 TeV, 19.8 fb"' at 8 TeV
L] l L] L] L] ! L] L L] l L L] L .1 L] L " L] 6
: .! ' f

Workln' i A

50 -b ___________ fo ______________ ‘j ______ / LA

60

tanp

tanp

50 : ;

. Work in / ,/:’

- ep
-.er,

- i
nt,
- Th"l:h

Expected Limit

-=-@-: B-Tag

--@-- No B-Tag

--@-: Combined(H—11)

IIIIIIIIIiIIIIiIIIIIIIIIIIIII

-- Combined(H—7)

800 1000 200 400 600 800 1000
m, [GeV] m, [GeV]
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Combined limit in tanf3-m_ plane ﬂ(".

Karlsruhe Institute of Technology

Preliminary, 4.9 fb' at 7 TeV, 19.8 fb™" at 8 TeV Preliminary, 4.9 fb' at 7 TeV, 19.8 fb™" at 8 TeV
oy 60 I! T 1 T T T 1 T T T | T T T | oy 1 T T T
p= L |95% CL Excluded: S [ 195% CL Excluded: .
- [l — Asimov w/ H(125) 4 - | | — Asimov w/ H(125)
50 N Expected ] Expected
[ |77 + 10 Expected ] [ |77 + 10 Expected
40 [ + 20 Expected ] + 20 Expected
[0 er . 10 -
30 - i
. Work in Work in |
20 progress " progress .
10 MSSM m,"** scenario ] 1
My sy =1 TeV -
0 1 1 1 1 : 1 1 1 1 1 1 1 q
200 400 600 800 1000 102 10°
m, [GeV] m, [GeV]
Linear Logarithmic
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2D Likelihood scan - gg® vs bb® - SM-injected -\\J(IT

Preliminary, Combination, L = 19.8 fb" at 8 TeV Preliminary, Combination, L = 19.8 fb" at 8 TeV
E L] I L] I L] L] L] I L] L] I I L] E 10 I L] i I i L] L] I L] L] I L] I I L] L] I I i L] L]
Qo - m,=90GeV = = 95% CL . jor m,=100GevV = == 95% CL
14 - e 68% CL 1 x +r  B= 68% CL
0 - : . D g :
% . Workin + Best fit l % Work in # Best fit
Q 10 progress - e progress
T | 1 T &
(@))] (@))]
o - - o

30 40 50
gg—0xBR [pb] gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected

gg—bboxBR [pb]

Preliminary, Combination, L = 19.8 fb" at 8 TeV

2.0

1.5

1.0

0.5

m,=140GevV = == 95% CL

""" 68% CL

Work in + Best fit
progress

0.0

o

3

gg—0xBR [pb]

gg—bboxBR [pb]

1.0

0.(6.

Preliminary, Combin

SKIAT

Karlsruhe Institute of Technology

ation, L = 19.8 fb™ at 8 TeV

- m,=160Gev = == 95% CL .
- e 68% CL T
[ Work in = Best fit ]
- progress -

1.0 1.5
gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected

Preliminary, Combination, L = 19.8 fb" at 8 TeV

m,=180GevV = == 95% CL
""" 68% CL

0.8
Work in + Best fit

gg—bboxBR [pb]

[ progress

1- | | L] I L] L] | I L] L] L] I L] | | I L] L] L]

0.6 0.8

1.0

gg—0xBR [pb]

gg—bboxBR [pb]

0.8

0.6

SKIAT
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Preliminary, Combination, L = 19.8 fb" at 8 TeV

| | ] I ] ] | I ] ] ] I ] | | I ] ] ]
m,=200GevV = == 95% CL i
""" 68% CL -
Work In = Best fit ]
progress i
[ 1 I [ 1 1 1 I [ 1 [ 1 [ 1 ]

0.2 0.4 0.6 0.8 1.0

gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected

gg—bboxBR [pb]

Preliminary, Combination, L = 19.8 fb" at 8 TeV

[ m,=250Gev = = 95% CL
- = 68% CL

03 Workin # Best fit
[ progress

0.1 0.2 0.3

0.4
gg—0xBR [pb]

gg—bboxBR [pb]

o
o
0

o
h
o

o
Y
(4]

0.10

0.05

0.0

.00
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Preliminary, Combination, L = 19.8 fb" at 8 TeV

m,=300Gev = == 95% CL

""" 68% CL

Work In = Best fit
progress

0.05 0.10 0.15 0.20 0.25
gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected = %%%

Preliminary, Combination, L = 19.8 fb" at 8 TeV

Preliminary, Combination, L = 19.8 fb" at 8 TeV

E 0-15 | ] ] ] I | ] ] ] I | ] ] ] E | | ] ] I ] | ] ] I ] | ] ]
Qo - m,=350Gev = - 95% CL . jor - m,=400GeV = - 95% CL .
o - 68% CL ] & e 68% CL T
% . Work in & Best fit ] % i & Best fit |
O 010 — O 010 -
i ] 1 ]
o o
()] - (@))] -
0.05 - 0.05 -
1 [ 1 [ 1 [ 1 ] [ 1 1 1 [ 1 [ 1 [ 1 I [ 1 1 [ 1 [ 1
0'06’5'0 0.05 0.10 0.15 0'06’5'0 0. 0.10
gg—¢xBR [pb] gg—¢xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected -\\J(IT

Preliminary, Combination, L = 19.8 fb" at 8 TeV

E i I I I I L] L] L] I I L] L] I L] L] L] I I L] L] i
L | m,=450Gev = - 95% CL i
o - &m= 68% CL .
0 o.08} ) _|
% - Work in o= Best fit -
',Qr N pProgress .
& 006 ]
m B -

0.04 -

0.02 |

o.ogto' I IO.:le I II:II.IIIZI4 I IO.:IGI I 0.08
gg—0xBR [pb]
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Preliminary, Combination, L = 19.8 fb" at 8 TeV

E‘ 0-03 | ] ] ] I | ] ] ] I | ] ] ]
Qo R m,=800Gev == 95% CL -
x N 0 -
% [ 68% CL ]
P I J= Best fit

g 0.02 -
T J
o

o -

0.01

0'06*0 0. 0.02 0.03

gg—0xBR [pb]
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2D Likelihood scan - gg® vs bb® - SM-injected -\\J(IT

Preliminary, Combination, L = 19.8 fb" at 8 TeV Preliminary, Combination, L = 19.8 fb" at 8 TeV

E 0-03 I L] L] L] I I L] L] L] I I L] L] L] E 0-03 I L] L] L] I I L] L] L] I I L] L] L]
=2 - m,=900GeV == 95% CL . Qo - m,=1000GeV == 95% CL .
o - 68% CL ] & e 68% CL I
& L Workin + Best fit £ | Workin + Best fit 1
-,Dr 0.02 progress - -,Dr 0.02|c progress -
o | o |
(@) - o -
0.01 — 0.01 —

[ L L L L [ L L L [ L L L I [ L L L

o'oﬂ’to 0. 0.02 0.03 o'oﬂ’to 0.01 0.02 0.03
99—¢xBR [pb] 99—¢xBR [pb]
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