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MSSM Higgs Phenomenology

« 2 Higgs doublets = 5 physical Higgs Bosons:

« 2 CP-even neutrals: h, H scalar
« 1 CP-odd neutral: A pseudo-scalar
« 2 charged: H* H-

« At Born level Higgs sector of MSSM described by 2 Parameters: M,, tan 3
M12{+ — Mfl + M%V

1
M? hH = 5 (Mi + Mz F \/(Mi + M2)2 — 4AM?% M2 cos? 25)

M3 +M§)
M?% — M2

=g arctan(tan 2

(Dependency on SUSY Parameters via radiative Corrections)

Christian Veelken Search for Higgs Particles in MSSM SUSY 2



Neutral MSSM Higgs Bosons

« 2 main Production Processes: o b
g A
t)bj/{7g _____ h? H7A + -7 h/H/A
g A

Cross-section increases proportional tan (32
(fortan B > 7)

 Dominant Decay modes are bb and tt
(tt relevant at large M, and low B only, experimentally no accessible yet)
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Charged MSSM Higgs Bosons

* Mpy+ S Mtop Standard Model tt Production
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Dominant Decay mode: H* = v

* Mpy+ 2 Miop notyet analyzed by CMS
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Dominant Decay mode: H* = tb
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CMS, !

MSSM Higgs Search Channels

pp 2 tt,t 2> H*b, H* 2 1v

pp> P, d >

pp > ¢b, d > bb

« Semileptonic b decays

« Hadronic b decays

pp 2> &, d 2> pu

Christian Veelken Search for Higgs Particles in MSSM SUSY

¢:h+H+A



H* > v Analysis
Analysis sensitive to:
. tt — HEWThbb
. tt — HTXHTbhb

3 Final states are studied:

* T4 T Jets Thag. Particles produced in hadronic t decay

HT = 70 — 1,qv, WT — ]

* Thag T €/M

HE — 1v — Thaav, WT — uv/ev

H* = 10 — Theav, W/ HT — 70 — pvv/evy

HE - 1v — evv/pvv, W/HT — 10 — Theqv
« e+

HT - 1v — evv/pvv, WF — pv/ev
HT - 1v — evv/pvv, HY — v — pvv/evy

Christian Veelken Search for Higgs Particles in MSSM SUSY



H* - tv Event Selection

ThagtJets elp+t, 4 e+
Trigger 1, +E;™ss Electron+2 Jets/ Electron+Muon
single Muon
Lepton Selection
P> 40 GeV P> 35 GeV P2 > 20 GeV
very tight Tau Id. P+ > 30 GeV P> 20 GeV
Isolated Isolated
Jets = 3 Jets = 2 Jets = 2 Jets

of P+ > 30 GeV
= 1 b-tagged

Emss  >50 GeV
A (thaq,Er™) < 160°

of P+ > 35 (30) GeV  of P+ > 20 GeV
= 1 b-tagged

> 45 GeV for e+t 4
> 40 GeV for p+t,,44

Opposite Charge Lepton Pair

Veto Events with additional isolated Electrons or Muons
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H* > v Signal Extraction

{s=7TeV L=23fb" CMS Simulation
T T T | T T T T T T T T T T

- - -1 ] .
21000, \E = 7|Te.V. L—| .2 fb |C]MlS ISlTnLIJIathn_ £3500; | | |
c = tf (WW+WH" + H'H) ] c _— - WHE LW
Q S00E o ww wew) 23000F % N . WLVVVT,WS =
L 800:— ...... WH (tf—>Wini5) L oy NG (¢ *bHb
g H'H: (tE>H'bHD) i WH' (tt->WbH b) ]
700 2500 HH" (tt—H'bHb) -
£ omy = 120 GeV B m = 120 GeV ]
600 % final state r ey final state
B 1 2000F
500¢F = L
4000 | 15000 |
300F /. 4 1000 N -
200¢ - E S S
OE{.'.l pen” | [ ‘.MHIMI';WI”;I”m]"”"'l'“'"f'"'“‘r*m---1--‘...'I...J . |'.““: 0;:.:i Lo [ [ T | JJJJJ |‘“”'"|" b .: .
0 0.2 04 0.6 0.8 N 1 0 0.2 0.4 0.6 0.8 N 1
B(t—H'b) B(t—H'b)

Note:
non-zero BR(t = H*b) increases Event yield in 4 tJets and e/p+t, 4
Channels, while Event yield in e+y Channel decreases with BR(t > H*b)

Event yields observed in 1,4 +Jets, e/p+1,,4,and e+p Channels
in Agreement with Background Expectation

= Proceed with setting Limit on BR(t > H*b)
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H* = tv Result

hep-ex/12055736

fs=7TeV L=23f"' CMS
60Iillllllllllllllllllllll]llIII;

- toH'b, H>1v

fs=7TeV L=23f"' CMS
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Upper limit on BR(t = H*b) excludes region of large tan(f3)
in MSSM Parameter space for Myt /Mg < myep-

Christian Veelken Search for Higgs Particles in MSSM SUSY



¢ - tt Analysis

¢ - 1t Signal searched for in 3 t decay Channels: b:h+H+A
° e+“
* €+T9 Thaq- Particles produced in hadronic t decay
* “+Thad

Please see also Poster:
“Higgs Boson searches in the H—tt channel” (A. Bethani)
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¢ - tt Event Selection

Trigger
Events triggered by e+y, e+t 4 and p+t,,4 Triggers
P+ thresholds 10-20 GeV

Lepton Selection

Electrons Muons Thad

P> 10-20 GeV P> 10-20 GeV P> 20 GeV
In| < 2.1 (2.3 fore + ) In| < 2.1 In| < 2.3
isolated Isolated Tau Id.

Veto against e/p

Opposite Charge Lepton Pair
Veto Events with additional isolated Leptons

Suppression of W+jets Background
E Miss required to point in Direction of visible t Decay products

Selected Events analyzed in 2 Categories: no-b-Tag and b-Tag
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tt Mass Reconstruction

Mass of t Lepton pair reconstructed via Likelihood technique, based on:

» 1 decay Kinematics

« Compatibility of reconstructed E;™ss with Neutrino hypotheses

=>» m_ Resolution ~20% (almost Gaussian)

CMS,\s=7 TeV, L = 4.6 fb" All channels —_ 20
% AL B B d)l—)TT (mA=1 ZE), tanB=20) 1 % 1 8
3 —e— observed
10 0 O
g :E Cdzotr E = 16
— B :I ﬁ I_l-‘-
e B clectroweak = 14
':E; e’ ] multijets _g
E Non b-Tag Category E 12
S ©
10

10 8

onNn A~ O

0 100 200 300 400 500
m,, [GeV]

CMS,\s=7TeV, L =4.6 fb" All channels

T L] I L] T
...... o1t (mA=1 20, tanp=20)
—e— observed
— AN
C+«

B clectroweak
(] multijets

b-Tag Category

400
m,. [GeV]

=>» Distribution observed in Data in Agreement with Background Expectation
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$ > tt Result

CMS,\s=7TeV,L =46 fb"
Q. 50 5 L L L L L L
45 E 95% CL Excluded:

=1 [ | Observed /3
E Expected /
40 +10 Expected 7 -

E +2 0 Expected /
35| [ LEP

30 2
o W o
" ). A
: A 5
10> e -
5 MSSMmﬁa"stenarloMSUSY=1TeV_
0100 200 300 400 500 hep-ex/12024083
m, [GeV]
Limit obtained by scanning tan(f) for each Mass hypothesis M,:
« Cross-section * BR for gg 2 ¢ and bb > ¢ computed
as function of M,, tan(p)

* Dependence of M, and M, on tan(f3) taken into account
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& > bb Event Selection

Semileptonic Hadronic
Trigger Muon+1/2 Jets 2/3 Jets
= 1/2 b-tagged = 2 b-tagged
Jets 2 2 Jets of Py > 30 GeV 2 3 Jets: k]
+ 3 Jet of Pr > 20 GeV P st >[46 (60) GeV
all 3 b-tagged P,2nd >| 38 (53) GeV
P3d> 20 GeV
all 3 b-tagged
Muon P> 15 GeV -
(no Isolation applied)
W

Jet P, Threshold depends on Higgs Mass hypothesis:
lower (higher) Thresholds used for M, < 180 GeV (M, > 180 GeV),
driven by Trigger Thresholds
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¢ > bb Result

OMS Preliminary 2011 Vs =7 _rl?ev Data in Agreement with Background Prediction

e Data

3
fg:,os =» Set upper Limit on pp =2 ¢$b Production
© Cross-section * BR(p—>bb) by fitting
observed M,, Distribution
102 =» non-Observation of ¢ = bb Signal
excludes region of large tan(f3)
in MSSM Parameter space
10 i . . .
Semileptonic Hadronic
FOCMS preliminary 2011 [S=TTeV, ., 70, SMSFrehminan; Loar -0 % Nt Tey
°° - -+ obsersed Ldt=481"'] & |
’ -expected(68%) 1
50 B expected(95%_)_ __________ ]
0 - | 5
. ‘ ]
-100 —
0 50100150200250300350400450500 . - :
M,IGeVl  20f 1 20¢ — Observed E
. C i Mass ] C m.-max ---- Expected y
M,, Resolution ~15% 10 oM - 0 e -Exﬁeczegggoﬂ E
- MSSMm:'”u=+ZQOGeV ] - TeS" =Xpeclec % .
CMS PAS HIG-12-026 0500 150 200 550" 300 350 0100 750 200 250 300 350
CMS PAS HIG-12-027 m, [GeV/c?] m, [GeV/c?]
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¢ = pp Analysis

Small Branching ratio (few times 10-4), but also:

Muons reconstructed very efficiently in CMS
and with very good Mass Resolution

(almost comparable to Higgs width)

ALJSLILIN LINLINLINL I L L TTT [T T T T[TT.TT]
—tanp =50 —
" |—tanp =45 .
- [—tanp =40
tanp =35
:—tanp=30
N —tanp =25
- tanp =20
—tanp =10
tanp= 5

[
=]
|

l‘lo[Gev/c’]
&

[
(%)
|

m,.[GeV/c?]

Please see also Poster:
“Search for Neutral MSSM Higgs Bosons in the p*u~ final state with
the CMS experiment in pp Collisions at Vs = 7 TeV” (A. Perieanu)
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¢ - tt Event Selection

Trigger
Single Muon

Muon Selection

= 2 Muons

P 1st> 30 GeV
P.2nd > 20 GeV
In| < 2.1
isolated

Opposite Charge Muon Pair

Suppression of tt Background
E miss < 30 GeV

Selected Events analyzed in 3 Categories: b-Tag, 3@ Muon and neither

Christian Veelken Search for Higgs Particles in MSSM SUSY
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ChS,/!
Summary

MSSM Higgs Signals have been searched for in:
« pp 2 tt,t> Hb, H* 2 1v

cpp2>d, P>t
* pp 2> éb,d > bb

* pp2> P, P> pu

No evidence for MSSM Higgs Signal observed in CMS Data
=>» Stringent Limits are set on MSSM Higgs Production
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Backup Material
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The CMS Experiment

. LHC-B CERN

Search for Higgs Particles in MSSM SUSY
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The CMS Detector

[ MUON CHAMBERS | I INNER TRACKER ]
A ’ '

| CRYSTAL ECAL. |

HCAL

VERY FORWARD
CALORIMETER

Total Weight : 14,500 t. S—" : > »
Overall diameter: 14.60 m

Overall length : 2160m | SUPERCONDUCTING COIL |
Magnetic field : 4 Tesla

Christian Veelken
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Isitanh, HorA?

» Pseudo-scalar A does not couple to WW, ZZ
=» disfavored

20
« Heavy scalar H possible 18
Interpretation; however, only 16

small region in Parameter 14
space compatible with ¢ 2 t™'t « 12
Searches at CMS and ATLAS £ 10

8

6
4
2

hep-ph/1112.3026 90 100 110 120 130 140 150

(S. Heinemeyer, O. Stal, G. Weiglein) Ma (GeV)

=>» Light scalar h most likely Hypothesis (in my opinion)
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Implications of M, ~ 125 GeV

Decoupling Regime (M, >> M,)

3m ﬂ[2 X2 X7
M} ~ MZcos®28 5 [log L-7n

_ ol S RPN BRI LR UL LI LS I

M, ~ 125 GeV favors: 8 1asl E
s F R 3

« large SUSY breaking parameter e - -
9 9p 125 ,i."}..&‘ ﬂ::?-fﬁ_—:

— ~ ~ - "ol '.’E. N 2% :-:"t‘: 4 ..‘. "-;' .

Mg = \/mz my, aof- g *x_‘}% @‘g =
sEAEER Wt

. imal Mixi t E o Rﬁ *&qﬁi o
maximal stop Mixing parameter 1103 4 ,ﬁﬁ&v 06
~ Mg <3 TeV.- o

105 e : e

L E -M <1TeV _r 4 R -:;

X; = Ay — peot B~ VMg ot
t'"'s

hep-ph/1112.3028

(A. Arbey, M. Battaglia, A. Djouadi. N. Mahmoudi, J. Quevillon)

See also Talk presented by N. Mahmoudi at this Conference
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M.~ 125 GeV in M,, tan 3 Plane

P . MS—1TeV Mg = 2 TeV

. +Excluded by favour

H

i paint: Al paint Wl paint
M, = (1252 2.5) GeV M = (1252 25) GeV « M = (1252 2.5) GeV
«  +Excluded by flavour «  +Excluded by flavour «  +Excluded by flavour
0 CMS limit 0 CmS limit 00 CMS limit
B LEP lim B LEP limi B LEP limi

il po Al paint Wl point
M = (1252 2.5) GeV ‘ M =(1262 2.5) GeV M = (1252 2.5) GeV
«  +Excluded by flavour 4 ax «  +Excluded by flavour «  +Excluged by flavour
A (00 M limit [0 M limit
B LEP limi B LEP lim

100 150 200 250 300 350 400 450
M, (G V)

dark blue Points: compatible with M, ~ 125 GeV, ¢ - tt, Bs > pyy, B> tvand b - sy

http://indico.cern.ch/getFile.py/access?contribld=6&sessionld=1&resld=0&materialld=slides&confld=162621
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MSSM Higgs Masses

No Mixing Maximal Mixing
."\[(]) (‘lf(‘\, ."\[(]) ,(;(‘\’,
X, =0 X, = V6Mg
300 — 300
tan ] — tan ] —
tan ) wwwns tan 9 3() sssnas
200 + — 200 + ;’.'-' .

15(0) 150

100 1010)

50 & 50 L
50 00 150 200 300 500 50 100 150 200 300 500

M, [GeV M, [GeV
hep-ph/0503173

« for moderate and large tan 3 pseudo-scalar A is degenerate in Mass
with one of scalar MSSM Higgs Bosons (either h or H)

» Mass of light scaler h increases with stop Mixing parameter X,
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Neutral MSSM Higgs Cross-section

hep-ph/11010593

Ta § g A 1 1 I 1 I I 1 E §
;.<'_i102 - ;102; \(§:7TeV—§:;
+ 2 § + E E; E §
a F o F : .
a 1 - L TN Q 1? 3
° © -
107 10" a0 A
) gg— h/H gg— h/H
10%E oA 10% oA
--bbh/H N 1| e bbh/H
10%F tanB =5 10°E tanp = 30
mhmax scenario mhmax scenario
10—4 [ | 1 1 1 1 1 1 1 ) 10-4 I | 1 1 1
107 10° 102 10°
M, [GeV] M, [GeV]
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Neutral MSSM Higgs Decay modes

1 T T T 1 ; T ™3
F ) ﬁ\,/ : , b 3
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0.01 | 4 001 F : .
99 12
o /,’ Ky vZ e L :
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F tand =23 T ] F tan 4 = 30 1
0.1k 4 01k T
0.01 | P 0.01 | -
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L e L "o
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[ -7 -"‘n\ qg 1
0.001 L L L 0.001 [ L L L
90 130 200 300 400 500 90 130 200 300 400 500
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M, [GeV]

503173

hep-ph/0

LE T T T T T ——
b el hh b oy bb 1
F L BR(H) "1 BR(H) ]
- Atan5=3 tan 4 = 30 1
0LE 3 T 7 Tl 0.1 i
X 99 ]
[ [ ww ]
ZA
0.01 | 0.01 =
1 .
Z7Z E
L h tt 1
Looww
0.001 0.001 e 1
120 200) 300 400 500 100 200 300 400 500

LUH (;(’\]
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Charged MSSM nggs Decay modes

hep-ph/0503173

(pp — t* t* — HT + _\) hpl)] :

/5 = 14 TeV

30

NOTE:
Center-of-Mass Energy = 14 TeV

10

tan =10

1 1 1 I
100 120 140 160 180
M+ [GeV]
LE— T T T T T 3 LE— T I T |
> A a(gb— H t) [pb] - o(99/aq _14HT f\b,) pb]
{\/z : ] — e
H+ < Mtop /5 = 14 Te\
0.1k . 0.1
0.01 f tan 5=10 0.01
0.001 L L ' L 0.001
.y ‘ ‘ = : - Q ( ‘ : = : ~ Q (
Chrlstlan Veelken 200 300 400 500 ()U_U ‘UVU 200 900 1000 200 300 400 500 ()U‘U .l{(l 200 900 1000 29
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Charged MSSM Higgs Decay modes

hep-ph/0503173

| 1 = T T T
L BR(HF)
[ tan 3 = 30
0.1 (0.1 3 =
he -
0.01 1 001k es -
: E : i :
0.001 s L ' ' 0.001 \ '
100 200 300 400 500 100 2010) 200 400 500
AlH“ (;9\] .r"UH* (1'6‘\]
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b-Tagging Algorithm

Combined Secondary Vertex (CSV)

* Compute separate Likelihood Ratios for b/c-Quark and b/light-Quark
Discrimination
* CSV discriminator = 0.25 ¢ Likelihood(b/c-Quark)
+ 0.75 ¢ Likelihood(b/light-Quark)

* Input Variables used for computing Likelihood:

n

* \Vertex category (real, “pseudo”, “no vertex”)

* Flight path Significance |PV-SV|/0q.py

* Mass of Tracks associated to SV

* Number of Tracks associated to SV

* 3 P of Tracks associated to SV/X P of all Tracks in Jet

* Pseudo-rapidities wrt. Jet axis of Tracks associated to Vertex

 2d IP Significance of first Track raising Mass above charm Threshold
(Tracks are sorted in order of decreasing IP Significance)

e Number of all Tracks in Jet

» 3d IP Significances for each Track in Jet
Christian Veelken Search for Higgs Particles in MSSM SUSY



b-Tagging Performance

CMS SImuIatlon \I§ 7Tev CMS Slmulatlon \I§ 7TeV
> 1; | | | TTTT IIII!IIII*I' > 1 llllllllllllllllllllllllllllllll
o s PRy = T —
QC) E O-TCHE E GC) [ -»-TCHE ﬁ
& e 18 [ some g
= .
® 107" = . sovmp T O . SSVHP ;I
© [ - 1 @10 =~ Lo
iy -+ JBP 1 S — - JBP P— . 7
_§) 5 -!—CSV -»*CSV ‘ : /
S 10°E4 E ¥
Used in ¢ 9 bb e - .
Analysis y - 102 =
107 y = 5/{
i (@ - il (©)
10‘4'III“III’III'IIIIIIIiIIIIIIIIIIIIIIIIIIII 10‘3_LIII%IIIIIIIIIIII | I L1l
0 0102030405060.70809 1

0 0102030405060.70809 1
b-jet efficiency b-jet efficiency

b-tag Efficiencies and mistag Rates for c-Quarks/light-Quarks + gluons
validated in Data

Please see also Poster:
“Identification of b-quark jets in the CMS experiment” (S. Malik)
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¢ > bb Background Estimation

« Multijet Background estimated from Data, using 3-Jets Events
with 2 b-tags, weighted by Probability for 37 Jet to pass b-tag:

F(x;bbb) = F(x; bbj) x P."(j)

—tag
 Probability for 3 Jet to pass b-tag parametrized by Jet E; and n;
given by summing Products of Jet flavor fraction f
and b-tagging Efficiency/mistag Rate € for b + ¢ + light Quarks:

Pl?rdt;cj(j) =€p- fo t+ € fo+ €ign - (1— fo — fe)
 Jet flavor fractions f obtained from $ > bb depleted Control reglon in
Data, by fitting: : s

for each
Jet E+, n bin

as
sooommy Ver u u.- (c oV) JetBProbability (with SVtx) JetBProbability (no SVtx)

« Db-tagging EfflClenc:les/mlstag Rates ¢ taken from Monte Carlo

Simulation (corrected for Data/MC differences)
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& > bb Cross-Section Limits

Semileptonic Hadronic

CMS preliminary 2011 Ve=7TeV CMS Preliminary, L=2.7 -4.0 fb, \s=7 TeV

oXBR 1 im 959 oL [P
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! . Ldi=431 103 B N .| = Observed _
N —e-observed Ig‘ -} ==-- Expected =]
i ! PO | | jEeE Expected (68%) |
.._._.___.j ---------------- median - N ; . Expected (95%) |
; .e ed(mo) 5 B . ..cocceenenninnnnnnsannnnes! , ............................ . ........................................................
- x T . . - S
102 .:EEEEE __ expected (95%1 g 102 o : L = o
™ o : i . i B
N U OO ST . S
lg ..................
Low Mass | S 10 ........... =
10 e —-— 8 o b—————————————— i
) o S
| - o L e ettt e |
fommm et — & N N ST SO E SR S _
|K )l"'—' :Q : : : : :
vl b b b 1 1 |||1||1||||||1|||||||||1|

100 15 200 250 300 > 100 150 200 250 300 350
m, [GeV/c’] m, [GeV/c?]
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Tt Decay Modes

p—
— Tt
M rren® —

21416 18 2

M, [GeV/c?]
Decay Mode Resonance Mass (MeV/c?) Branching ratio(%)
T — e Velyg 17.8 %
T — { Uy 17.4 %
T — h vy 11.6 %
T~ — h~ 7, 0 770 26.0 %
T~ — h~ 7% al 1200 10.8 %
T~ —=h hth v, al 1200 9.8 %
T~ — h~hth= 7% 4.8 %
Other hadronic modes 1.7%

Christian Veelken
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Tau ldentification = Reconstruction of well-known Vector Meson resonances
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The Hadron + Strips tld. Algorithm

Based on CMS Particle-Flow Algorithm

PFlet \

PFGammas PFChargedHadrons

Y

o T (K, K
n x ¢ Clustering T, T (K5 K

| Strips S T decay mode
7 Reconstruction

lDecay Mode, Tau id. observables

Hadron + Strip

[ [ [ [ [ [ [/
[ L L [ [ [ [/

Three Hadrons

Slngle L [/ /.I{ / [/ / Cuts -I-au |d |
Hadron .,' Discriminators
7 (Cuts based on invariant Mass of
’ Hadrons + Strips and Energy within
T-Jet not associated to 1t*, p#, a,)
a, 2 mrnon®
Us p* 2> e a, D I

a, >t
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CMS tld. Performance

CMS Simulation, |s=7 TeV

Efficiency
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Please see also Poster:
“Tau id commissioning results from pp collisions at Vs = 7/8 TeV
with data collected at CMS” (R. Khurana)
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H* > tw Background Estimation

Thaq T Jets

» Multijet Background estimated from Data, by selecting Events
passing all Selection criteria except Tau id. and weighting selected
Events by Jet < 1,4 Fake-rates measured in Control region

« EWK + tt Background with genuine 1, ,4s obtained from Data, by
selecting Events with p instead of t,,4 and replacing reconstructed
Muons by simulated t Leptons

* (small) EWK + tt Background with fake t,,4S (€ 2 Taq + MU 2 T .4)
taken from the Monte Carlo simulation

Thag T €/M

» (dominant) Multijet Background estimated by Jet = 1,4
Fake-rate method

» Other backgrounds taken from Monte Carlo simulation
e+

» Backgrounds taken from Monte Carlo simulation
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¢ = tt Background Estimation

« dominant Z = tt Background estimated by selecting Z - pyu Events in
Data and replacing reconstructed Muons by simulated t Leptons

« Multijet Background obtained from same Charge Lepton Pairs

« WH+jets Background estimated from Data, by extrapolating Event yield
measured in Control region to Signal region

« Z > ee, Z > uy,ttand Diboson backgrounds taken from MC Simulation
(corrected for e = 1,4 Fake-rate measured in Data)

=» Observed Event yields in no-b-tag and b-tag Categories of e+p, e+t 4
and u+t,,4 Channels Agreement with Background Expectation
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M, = 120 GeV
tan(B) = 20

M, = 120 GeV
tan(pB) = 20

H = tttv Event Yields

Christian Veelken
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€+Thag H¥Thaq
Process Non b-Tag b-Tng Non b-Tng b-Tng
Z— 1T 14259 4+ 1037 | 135 =9 || 29795 £ 2114 | 259 + 18
Multijets 6404 £ 301 | 100 £ 7 6387 £ 115 | 160 £+ 9
Wtjets 5432 £ 377 39 = 3 9563 £+ 628 | 110 = 9
Z— 1l 6146 + 502 28 +4 924 £ 115 3+1
tt 47 £7 75 + 11 101 + 15 145 + 20
Dibosons 105 £ 22 1+1 217 = 46 5+ 2
| Total Background || 32392 4+ 1249 | 378 £ 17 || 46987 + 2211 | 681 + 30
H— 17 279 £+ 29 26 + 4 502 + 52 45 + 6
Data 32051 391 47178 680
e+u
Process Non b-Tag b-Tag
L— 1T 11718 £ 797 | 112 = 11
Multijet and W+jets 474 =147 | 155
tt 161 £ 15 | 289 + 35
Dibosons 527 + 84 55 £ 10
' Total Background 12881 & 815 | 471 £ 38
H— 171 161 £+ 10 17 £ 1.6 hep-ph/12024083
| Data 12761 468
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Higgs 2> t't Limit

MSSM Higgs Expected tan B limit
ma [GeV] —20 | —10 | Median | +1c | 420 | Obs. tan g limit
90 519 | 7.01 8.37 10.6 | 12.8 12.2
100 6.49 | 7.45 8.78 10.8 | 134 11.8
120 450 | 6.47 8.09 9.89 | 12.0 9.84
130 537 | 6.71 7.85 9.69 | 11.5 9.03
140 562 | 6.63 7.90 9.69 | 11.6 8.03
160 5.57 | 6.99 8.51 104 | 125 7.11
180 6.75 | 8.14 9.53 11.3 | 13.8 7.50
200 7.84 | 9.12 10.5 12.8 | 15.0 8.46
250 10.3 | 12.3 13.9 16.8 | 194 13.8
300 13.5 | 15.7 18.4 214 | 245 20.9
350 17.7 | 20.1 23.0 269 | 31.1 29.1
400 21.9 | 24.3 27.9 324 | 37.3 37.3
450 25.0 | 29.2 33.3 38.8 | 44.7 452
500 30.3 | 35.7 40.5 47.1 | 55.0 51.9
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