Susy Higgs bosons searches in pp
collisions at s = 1.06 Te'V
Focusing on SPP contributions

Fabrice Couderc .

,tll ‘ ' '“’Q E
Journée BEHHGK @ IRFU/SPP
24 of November 201 |




ex]  Outline

. Run Il Integrated Luminosity
v Introduction

1 1.0 . no /
Y TMSSM Higgs searches 1 delivered: 1 1.9 fbr! [{(-) 177
4+ inclusive h—1t search o J
; : " -
4+ associated hb production K recorded: 10.7 fb"! )=
* bbb final state §:: yard |:a__
* 11b final state Es.n ,//
v Conclusions . puy
20 4/
; gr===
[ etector (oD W m . B 0, 0 Py e g 0 0y Yo g o, 0y 0 g M P ey M oo Y P

rd]r shower

Silicon Micro
5 | Tracker (SMT))

i |||| i

I ) 115 N

Fabrice Couderc MSSM Higgs searches 2



B ox] Higgs sector in the MSSM

® MSSM: exactly 2 Higgs doublets coupling to down-type
quarks (vev vq), and up-type quarks (vev vy). tanf = vu/vq
NB: tanf ~ 35 = m¢my is appealing (large tanf)

® After EW breaking: 5 physical states
» 3 neutral Higgs bosons: h/H (CP-even) and A (CP-odd)

convention: my < my , h/H/A generically denoted ®

» 2 charged Higgs bosons: H*

® At tree level: EW breaking controlled by Ma and tan.
Radiative corrections make it more model dependent
® High tan regime:
» h/A or H/A are degenerate in mass Oprod X 2!

» coupling to b quarks enhanced by tanf3
» neutral Higgs: B(¢ — bb) ~ 90 % and B(¢ — )= 10 %
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B ox] Susy Higgs production
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production rate at
the Tevatron

@ LO (a(bb — ¢)mssm = 2 X tan? X U(bb - ¢)SM)
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D& Susy Higgs production
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B ox] Golden modes
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Beyond tree level, h—7T modes are less sensitive to the
MSSM parameters than h—bb
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di-tau mode challenges

T-lepton channels peculiarities:
- several channels to combine
- relatively "soft" decay products %

(multijet background, triggering...) ©4q
Ve q
Need to reconstruct T hadronic decay (th)
0
T n+
+ type I: .
- rk + cal large jet q 70
....... Ay (no EM cluster) bac kground -
nE .
- type 2: .
ot /p q"r trk + cal > .
. e (with EM cluster) e
7,
=
art T yped
5 P 0_~»TC
T ."."‘V o < - > | trks + cal

TID performance

. . - D@: eff=65% vs fake rate = 2.5%
shape, trk-cal consistency variables - CDF: eff=50% vs fake rate < 1%

NN based on isolation, shower
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Inclusive h >t ©

1.0 fb”! result: Phys. Rev. Lett. 101, 071804 (2008)

o D@:t,Th, Tt (5.4 fb) g T
e CDF: 1T, TeTh, TuTe (1.8 fb') <

&
* Search for 2 high pr isolated leptons, opposite sign

» Escaping neutrinos info is partially recovered by using Fr

e Look for a bump in: 5
Myis = \/(pm + Pu + Xr)

11: 5.4 fb~! Submitted to PLB 7,7, channel Phys. Rev. Lett. 103,201801 (2009)

= :(a).l..LL DO, 5.4 b (ur,) | 20 " ' ' ' '
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2 . =Ewl 160r MSSM ¢-1t Search | |
@ ol |t Wijets Preliminary
] E = —— Other EW+it 120+ T
o F.H  Ege - $(120)—1t, 6=50pb
@ f { observed
10¢ 80 [ A=t 1
: iyt Spr
1 40f [ other EW, tt  _
L H [ jet fake
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DES n— 1 T Results

 MSSM Higgs —x Search, 95% CL Upper Limit translation in MSSM parameter space

10T T T T T T T T T

CDF Run Il Preliminary, 1.8 fb"!

— Observed
----- Expected

16 band
20 band

tanp

[ DG exclusion
1 LEP exclusion

a(pP~+X)-BR(¢~77) (pb)

mdependent I|m|t
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m, (GeV/c?)

= DJ Observed
— D@ Expected
""""" CMS Obs. 36 pb”
~~~~~ CMS Exp. 36 pb”

| I
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Submitted to PLB M, (GeV)

Data compatible with bkg

MSSM Higgs —tt Search, 95% CL Exclusion
00

CDFE Runl |l Preliminary, 1.8 fb

no mixing

tan B8

Reaching the interesting region of
tanf~30-40 for Ma < 200 GeV

>0
Phys. Rev. Lett. 103, 201801 (2009)

miy™  no mixing
e

PO S I I O S P s
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m, (GeVic?) Also D@ (2.2 fb'')+CDF combo

Fabrice Couderc MSSM Higgs searches 9



B ox] bh — bbb search

b
tanf3
® b®d —bbb selection: s i
» 3 to 5 high prjets b
» atleast 3 b-tagged jets gnm‘mf— b

D@ : 1.0 fb! Phys. Rev. Lett. 101, 221802 (2008)

.o . -1
P Large muItljets background: D@ : 5.2 fb"! Phys. Lett. B 698,97 (2011)
CDF: 2.6 ﬂ)'l Submitted to PRD

» Triggering
» Powerful b-tagger Jet
» Challenging background model Displaced tracks

Decay lifetime i
Las 7% Secondary vertex
Z

Primaryvertex _ =~/

b-tagging @ D@: combine var.

in a multivariate discriminant /
b-tagging @ CDF: displaced vertices S
+ ny/ O cut Prompt tracks

typical b-tagging performance
+ vertex mass separation - efficiency (b quarks): 50%

- fake rate (light jets): 1%
Fabrice Couderc MSSM Higgs searches 10



B ox] bbb strategy example

v Likelihood discri to i .

= psf T T T 2 240 T T TR
. . B IR I 1
enhance S:B ratio 3 - D@ L=1fo! {220 DG, L=1®"§  Compon
K S {0
~ ~ 160}
&,1600: a)3jet 02,5217  z“f = Nob-tag requirement 3 i 1 b-tag + da
5] F ikeli L
s [ Low-mass likelihood i f = T ER T iii
@ 1400+ | :g
$1200" —+ D@ Data osf B 1 % | B
] [ — Background ) B
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ccj
! M
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200, £t D@, L=1 16" ] Euf oo, L=1t6" [ oo
i c o i 1
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% 0.10.20.304050.60.70809 1 & 2 20 . bbe

D

B o
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H~;=);p,u‘ets1 [GeV] HT:zp,Lietsl [GeV]

v signal to bkg discri. only
relies on dijet mass shape

v bkg composition from global fit to: 0/1/2/3 b-tag samples

v bkg shape from data using the 2 b-tag sample (signal free) via:
_Sé\facg<Mbb7 D)
_S%an(Mbba D)
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B ox] bbb sear

a)3jet D@, 521"
Low-mass likelihood
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MSSM interpretation

Very sensitive to radiative corrections
High tanp: signal width effect not negligible

(compared to the experimental mass resolution).

d—:; =o(m,tan 3,T = 0) x BW(m, mg,tan j3)

95% C.L. upper imits

200F -~ expected limit
B foband
FI 20band
150F —  observed limit

tan@

120

1 DG exclusion
100 [ LEP exclusion

.....................

Higgs width included

max mixing, u=0 GeV
tan§=40 :T =5 GeV
12d oo tanp=60 :I'=12Gev }——
“““““““ tanp=80 : I'=22 GeV
... tanp=100 : ' =34 Gev .-

Exp. sensitivity down
to tanf3=45

Exp.+2s.d,

0 .. L
oo W W ey
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D& bP—bzeth Search

® Channel complementary to bteth:3.7 fb!
» bd—bbb:lower B¥ but much lower b tar]@ L <I
bkg, less sensitive to radiative corrections H
» P—TT:more sensitive near the Z peak t
O'( btag) 8 b
< 0.005
g (chl) 40025 Preliminary L=3.7 fb™ -
(Qb btag) -Q-IZZaia
=0.16 b-tagged EIBlboson

[CIW+jets
BZ > ee
mZ-ot

[ Multijets
== m,=100 x10

o(pincl)

® /—7TT :require one b-tag jet

Yield [Events]
w
o

N
(=]

® Specific discriminant against
main backgrounds: multijets
(Dmy) and tt (Dx).

® Final discri: (Dm+10)xDx/ 20

Y
o

% 0.5 1

Final discriminant (m,;=100GeV)
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B ox] bd—bt,th search
br,th:7.3 fbr! B
Phys. Rev. Lett. 107, 121801 (2011) H

® Specific discriminants against main backgrounds: v
tt (Dx), multijets (Dmj) and Z—TT (NNp) g v —— |
® Final discri: Dr likelihood formed with Dy, Dmj, NNb, Mhat
® Main background (Z—7tt) constrained from data using Z— i iL.
Greatly reduces the loss of sensitivity due to syst. uncertainties.
DZ,L=7.3fb 1 ——dua DY, L=73fp" ——data
400F (a) All 7, types = tzt”ets 1200 ) Allt, types | = ;”ets
350 Pretag mm ws -
300 Other Other
2 250f = Sigm =110 GeVic? o 80 &= Sigm =110 GeV/c®
Ezoo; ._% 60
150F
100F

50 100 150 200 250
Mnat [ GeVic?]

0.4

Fabr D, [m, =110 GeV/c?] s



D& Systematic control

Dominant background for both h—= T, Th and bh—= T, Th is the Z

For instance, the uncertainty on the Z normalisation is dominated by
systematic errors: 9.7%!!! (not including TID)

Constrain Z—ttT (Z+0/1/>=2 jets and Z+b-jets) from Z— Ul samples

O rrpred O nrdat
N _ ONgata 0,

g T g Taris  =329% vs 9.7%

red data _ .
N, N €u 2= Erig

o T T T 'E 6000~ T T T T T T T ™
2s00f- D& Runll prelim., L=7.3 fo" 3 : D& Runll prelim., L=7.3 fo" ]

F 3 5000 i e
2000— + Z - MM i E Z — U‘M E

E - - ] 4000 L] =

P - ] F . ]
. % Z+jets | < i Ztjets -
1000;— B -i- —; 20005_ - _f
soofr —f moof— -."- =

N g zlo 4|o slo slo 10; “o: 1|o ?Eu 3‘5 4|o ?6 slo 70 80 9 11)0

PT Z(2HUH)tjets  [GeVic] pr leading jet [GeVic]

Fabrice Couderc MSSM Higgs searches 16



Fab

model independent limit

(a)
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DY, L=7.3fb"
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DO, L=7.3 flo' Phys.Rev.Lei. 107. 121801 2011)
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veis DO expected
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[ LEP exclusion
—— CMS obs. 36 pb
----- CMS exp. 36 pb’!

1
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|
300

00
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.... D@ Preliminary, 3.7 b

D& bd—bt results

Data compatible with background

At low mass:
most stringent limits to
date obtained in a direct
search at Tevatron
( btyth submitted to PRL)

[ Observed limit

— Expected limit
LEP
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DES Conclusions & prospects

Report results with up to 7.3 fb"!
Also H* searches and NMSSM, fermiophobic, H™* searches....
Reaching the interesting region of tanff = 20-30

btuth is (still) competitive with LHC inclusive tt searches. This is also
a different and complementary channel (involving b-tagging)...
Several modes with similar sensitivity: combine.
SPP group involvement has been very strong:
» bbb

» bt
» TeTy *+ re-analyse t,Th (on-going)

» Final DO combination (on-going)
publication submission imminent

tanp

[ D@ exclusion
[ LEP exclusion

" — D@ Observed

— D@ Expected
* CMS Obs. 36 pb’’
~ CMS Exp. 36 pb

100 150 200 250 300
Fabrice Couderc MSSM Higgs se: MA [GeV]

D@ bbb + bt combination
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e Doubly charged Higgs H

® Arise in Little Higgs, Left-Right symmetry, SU(3).xU(I)y gauge
symmetry models (and can be supersymmetrized).

® Search for H**—= pu/ut/tt: Tt search premiere at a hadron collider
and most stringent limits in these channels

H**: 7.0 fb obs. (exp.) limits
Selection: BH*—2tr) = | :m(H™) > 128 (116) GeV
election: BH—pr) = | :m(H) > 144 (149) GeV
at least 1p + 214 B(H** > pr) = BH* —11) = BH* = pp) = 1/3:
> o T m(HL™) > 138 (130) GeV
8 E(C) DG,L=7.0 ﬂiD t fB(H++—>tr) + B(H'H'—b I_LM) = |’ scan:
g 10; e B:=a1 g B —— Observed
2 8f :gf::am:law T Zg -------- Expected
§ r M = 120 GeV S 70 Theory uncertainty
w 6 Il Diboson o S 7| Excluded (D@)
- Z>1 L 60
al Nz g ] Excluded (LEP)
r [ Other 3
C 40
2 30
] 20 “. (a)D@,Lupto7.01b"
L ., PP HTHS
0 50 100 150 I‘2|00 250 10 *, Be=By=0
Py [GeV] 100 120 140 160 180 200 220
Fabrice Couderc MSSM b __ Submitted to PRL M. (GeV) 5



MSSM dedicated Higgs searches at the TeVatron usually
takes place in the high tanf regime:
» h/A or H/A are degenerate in mass

0-prod X 2!

coupling to b quarks enhanced by tanf3

4
» neutral Higgs: B(¢ — bb) ~ 90 % and B(¢ — 7F77) =10 %
4

B ox] High tanB regime

charged Higgs: if mu+ < meop: B(HT — 770,) =~ 1
500 . . . . 1 — T 1 :
1 7] hh hh bb
My [GeV] o BR(E it i, BR(H)
X =0 o mllﬂff%__ W o tan 3 = 30
300 E I U
tan =3 —— :
tan g = 30 - 0.1F b e 4 01f 7
zz'|.
200 | - "
W
150 |- -
H
............................................ o q ootf E
100 - E 77
H*
it
ww /
' . 0.001 1 L 1 0.001 L 1
A. Djouadi, hep-ph:0810-2439 200 300 400 500 100 200 300 400 500
50 L 1 | 1 1 My [GeV] My [GeV]
50 100 150 200 300 500 A. Djouadi, hep-ph0810-2439
M, [GeV] MSSM Higgs searches 21



e x]  Why looking to the MSSM?

T T T T I T T T T I T T T T I T T T T I T T T e t
80.70 | experimental errors 68% CL: wW wW
LEP2/Tevatron (today) e .—

2000 w /W
—_ \ ’
> C—
© 80.50 = H
)
E;
80.4 MSSM: ‘];
P
{
/
80.3 W - W
SM EEEE
MSS ~,
both models gy, X
80.20 © W ¢ YW
| Heilnemeyer, Hollik, IStockinger, Webrr, Weiglein '09 _— L —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o o
160 165 170 175 180 185 k. C ~0
m, [GeV] X
cecee 2
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Strategy for imit settings

If data are compatible with background:

|. place limits in 2 model independent way
2. place limits into 4 different scenarii

use FeynHiggs or CPSuperH to get the
MSSM cross sections

e Mm% scenario: e No-mixing scenario:
x Xy = 2 TeV, * X = 0 TeV;
* L =@).2 TeV; * L =@).2 TeV;
x My = 0.2 TeV; x My = 0.2 TeV,
* mg = 0.8 TeV * mg = 1.6 TeV;
x Msysy = 1 TeV x Msysy = 2 TeV

Fabrice Couderc

M.S. Carena, S. Heinemeyer, C. E. M.Wagner,and G.Weiglein, Eur. Phys. J. C 26, 601 (2003).
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DO, 5.4 fb'

10

—h

Cross section x Br 95% CL (pb)

Expected

— Observed
Expected

[0 Expected

+1s.d.
12 s.d.

Fabrice Couderc

P S S R R T
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200 250 _ 300
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B ox] hb signal modelling

® Signal simulation: pythia bg = bH but spectator b quark
kinematics reweighted to NLO (MCFM)

«=0 3 jet selection
4 jet selection

|

8 F =« 5 jet selection DQ L=lfbl
: ob hedy
g 0.012F Rk vt
oo e
< QLOOB [
Q.00 abt
0.004F
00025+
t T T IL LTI LILy ittt
%O 100 120 140 160 180 200
mass (GeV)

Fabrice Couderc

MSSM Higgs searches

— MCFM: NLO
— Pythia: LO




Background Templates CDF Run Il Preliminary 5 Background Templates CDF Run Il Preliminary

F «— 04
B bbB s bk B bbB
I bBb 8 g I bBb
bkg B bbx T E bbx
W bCb E Shape W beb
h H bab S Il bab
shapes 2
Py P A B . = R RN e I
50 100 150 200 250 300 350 0 1 2 3 4 5 6 7 8 9
. 2, 2,
dijet mass m,, (GeV/c®) flavor separator Xiags (GeV/c?)
Signal Templates CDF Run Il Preliminary Signal Templates CDF Run Il Preliminary
— N 5 F
o M _ 2 o _ 2
S o3 s Ig B m, =90 GeV/c s B m, =90 GeV/c
$ B m, =120 Gev/c? $ B m, =120 GeV/c?
w 025 h : m,, = 150 GeV/c? - E  m, =150 GeV/c?
T o2 ape m,, = 180 GeV/c® g B m, =180 GeV/c®
2 I m, =210 GeV/ic? ° E  m,=210Gev/c*
S o015 g
£ =
0.1
0.05
0 rill TSR B L 0 FITETS AN NS AT (AT IS NI IS AT A
50 100 150 200 250 300 350 0 1 2 3 4 5 6 7 8 9
dijet mass m,, (GeV/c?) flavor separator X, (GeV/c?)
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bbb results

| D@, 5.2ib

Expected
Expected +1 s.d.

WS Expected 12 5.d. Model independent limit,
neglecting the width

T T

Cross section x Br 95% C.L. [pb]
o

1
E | R i PSR S S S SR S I T S S
100 150 200 250 300
95% C.L. upper Jimits MA [GeV]
: _ ----  expected limit
2’ CDF, 26 fb!' = 1oband )
BN 20band In the narrow width

—— observed limit

approx. CDF result gives:
p-value: 0.23% (30)

and 2.5% including trial
factor (2.20)

10

o(PP—(+b,,)xBR(9—>bb) (pb)

Ly :I PRSI ARSI RIS N E S
100 150 200 250 300 350
m_ (GeV/c?)
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ts/5 GeV

vel

Events/0.08

;— D@ preliminary, 8.2 f5' g/a’;.lee

E jet+jet

E v+iet

gt

B v

E [ signal x 50
%_ -

80 100 120 140 160 180 0f
M, [GeV]

JFermiophobic Higgs

Fermiophobic Higgs:
- No coupling to fermions
- same W/Z couplings as in SM

- production viaWH / ZH

Excludes mus < 112 GeV/c?

D@ preliminary, 8.2 fb'

¢ data
background
|:| signal (M_=110GeV)
—0—_'_ n
M—O— .
b g S

-
3

BR(h.—Y)

.-
0o " o o o000

-
C]
%

"1 08 .06 04 02 0 02 04 06 08 1
MVA output
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Dé preliminary, 8.2 fb’

— Observed Limit
----Expected Limit
— NLO prediction
[ Expected Limit + 1 s.d.
[JExpected Limit + 2 s.d.

W
(=3
of

MSSM rggs searcnes

A N EEEE U T N BT R S
105 110 115 120 125 130 135 140 145

M, (GeV)




> NMSSM h—aa

Phys. Rev. Lett. 103 , 061801 (2009 )
« NMSSM: gg¢ — h — aa, a — uu or tt
- If m, <2m_: h — aa — pppp
» Two pairs of collinear muons
- If m, > 2m_: h — aa —uutt
o Back-to-back u and < pairs

=
%o DY, 4.2 fi!
= 3 hd
3
= ..
%2-5 41 channel, limit:
£ 2 d o,
15 [ M3 GeV Z;(a_’l‘“'l') <7%
R o M=1GeV . .
1 e | s | While theo (Ma<2m():
05 . . M;=2143 GeV o
N Dala | fB(a—’LLLL)~|OA
% 05 1715 2 25 3 35
\'my(u.track) (GeV)
M, Window Eff. Nbekg Nobs oxBR
(GeV) (MeV) lexp] obs (fb)
0.2143  £15  17% 0.001£0.001 0 [10.0] 10.0
0.3 +50  16% 0.006+0.002 0 [9.5] 9.5
0.5 +70  12% 0.012+0.004 0 [7.3] 7.3
1 +100  13% 0.022+0.005 0 [6.1] 6.1
3 +230  14% 0.005+£0.002 0 [5.6] 5.6

MSSM Higgs

—10
24 bserved limit D@, 4.2 fb'
T gl “xpected limit
L7
5 e
x5
T a
Ea Mh = 100 GeV/c2
2 -
! @
ot 1 1 1 I 1 I i
4 6 8 10 12 14 16 18
M, (GeV)
212t channel
=10
8.l Do a2’ | (b)
%8 M. =4 GeV/c?
=24 I\ —— Observed limit
@ B\ Expected limit
X —— Theaorv
P 5 LI A -r_y
=
T 4
[N
£ 3
©
2

-

%o

P AN AR B
100 120 140 160

h

PRI B
180 200
M, (G

eV)
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D& NMSSM Hi— Wra,

t — HTb — WEAb — WEbr7

If a charged higgs of around ~100 GeV exists, then the branching ratio of top to charged higgs
may be as high as 10 to 40%

This search assumes the mass of the light psuedo-scalar higgs boson is less than twice the b-
quark mass, a region not experimentally excluded

This is the first limits on this decay mode

95% CL Exclusion for t—>H'b—>W*Ab
BR(A—-1T)=1 m(A)=4 GeV/c? — Expected A Observed
3 m(A)=7 GeVic? — Expected ¥ Observed
m(A)=8 GeV/c> — Expected ¥ Observed
m(A)=9 GeV/c? xpected @ Observed

BR(t—H'b)
o
©0

Expect for Ma < 2m:
BH*—=W*a)) ~ 50%

o2r N g ,lllé ; V M M
04- X | CDF preliminary
0 (I:DF Runlll Prellmlmary, L=|2.7fb

1 1 1 1
90 100 110 120 130 140 150 160
H* mass (GeV/c?)
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Charvged Higgs

® |f mu+ < Meop : we y
q t
t = H"b opens 1 <
g t
® H* decays are very w- 7

- -
or H! g

different from W™ decays:
¥ hightanf: BH*—Tv) = |
v leptophobic: B(H*—cs) = |

Top Pair Branching Fractions

“alljets™ 46%

® Changes the different
channels contributions:
compare all the measured .

t+jets 15%

. 'llg
cross sections “hy Ve rjets 1%
x0 o
Foxe c+jets 15% )
"dileptons" "lepton+jets™
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> Charged Higgs

D@, L=1.0 fb'

* Data
= — tt Br(t = H'b)=0.0

background

I -

10

I+jets 1 tag I+jets 2tag dilepton t+lepton
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B ox] Charged Higgs

leptophobic Higgs tauonic Higgs

- £10°*
S DO, L=1.0 fb' $ DO, L=1.0 fb'
o B(H' > c§)-t z | B(H" — 1 v)=1
Z10°1 * Data : * Data
o tt Br(t —» H'b)=0.0 S tt Br(t H'b)=0.0
—— {iBr(t - H'b)=0.3 10° | t Br(t — . )=0.
— {i Br(t > H'0)=0.6 — tt Br(t — H+b)=0'3
background B tt Br(t — H'b)=0.6
s background
2_ ry
10 3 102 s .
i
1 T
10 | , - 10
I+jets 1 tag l+jets 2tag dilepton  1+lepton

Il+jets 1 tag I+jets 2tag dilepton  t+lepton
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> MSSM interpretation

[ Theoretically inaccessible
— Expected 95% CL limit

RJExcluded 95% CL region

NN I SR AT BT ST B B
80 90 100 110 120 130 140 150 16(
M,,. [GeV]

arXiv:0908.1811, submitted to PLB
method based only on cross

section ratios:
arXiv:0903.5525, submitted to PLB

Fabrice Couderc

Q.

= 200 [ Theoretically inaccessible

e

Expected 95% CL limit
Excluded 95% CL region

o

m,-max scenario
D@, L=1.01b"

PP IIFIAT VRN IAPITIP AT PR ATE AP
110 120 130 140 150

M,,. [GeV]

Lol

90

Another strategy:

The topological method
PRL 102, 191802 (2009)
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> CPX scenario

I _I)\IHI

T IIIIH‘

—p
=p

TT'

SS

“ B(H9)

\II|IIH|IIII‘IIII|I\I

o [ T T

TTTIIOY

[---T

TV

25

CPX benchmark scenario:

- coupling to s-quark dramatically
enhanced compare to b

- strangephilic Higgs bosons

- B(H* = cs) = |

Lee, Peters, Pilaftsis,and C. Schwanenberger, arXiv:0909.1749

CPXg;, scenario

1 Theoretically inaccessible
BlBH">cs)+BH">1v)<0.95
—— Expected 95% CL limit

| ZZ Excluded 95% CL reglon

110 120 130 140 150 160
M., [GeV]
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