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Search for SUSY Higgs bosons
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SUSY Higgs —
In MSSM 2 Higgs doublets of complex fields (type % ‘

Ny

EW breaking: 2 x 2 x2 -3=5

= 5 Higgs bosons : \

+~ 3 neutral (h,H,A) M. M
- 2 charged (H+,H-)

~ 2 parameters at tree level : (M, tan((3))
« tanp= v2/v1 ratio of vev's

-~ At large tanf3 :

- 2 neutral are ~degenerated in mass
= Region of particular interest
tanf OM/M, ~30

T T T Y T T P P A
20 40 60 B8O 100 120 140 160 130 200

m, (GeV)
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SUSY Higgs search at large tan 3 ceo

saclay

= At large tanf3 :
-+ 2 neutral are ~degenerated in mass
= with bbg coupling ~tanf3
«= Decays @ — bb (90%), ¢ — 11 (10%)

+ cross-section enhanced by ~ 2 x tan?B (at leading order)
relative to SM. Typically 2000 !!
tanf3 Search channels Search channels at
b ¢  at Tevatron g b Teviuion:
! bbb(b) bA O A ¢
g b - g
. bt*1°(b) . , tanf
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bbb at large tan B ==
tanf3 AN
——9-----  (@—bb
g ; _:

=~ Multijet signature:
~ 23 jets pT>20, 25 Ge\ﬁ%
+~ 3 b-tags
~ di-jet M, mass peak

<= multi-jet triggers

Historic:
« PRL 95, 151801 (2005) : 260 fb-1
e Large involvement of Saclay group: 2003-2008.
« PRL 95, 151801 (2005) 11fb-1
e Infrastructure and code still in use.
~* PLB 698,97 (2011) 5.21b-1
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Challenge: model the multi-jet (HF) background —

Large multi-jet background, hard to
understand and model with data.

backgrounds not only bbj, bbbb
BUT ALSO odd number of visible
heavy flavor (just like signal) bjj,
bbc, bbb,....

b gl b
g 9___1_9..<
b b

Main background for final selection
is found to be bbb very similar to the
signal final state.

backgrounds are not predicted
accurrately by MC

saclay

components: || I cjj . bee
bi

+data =cﬂj B boe

Wi 2 bbj M ooo

o0 150 200 250 300 350 400 450 SO0 Ss0 100 150 200 250 300 S0 400 450 SO0 S50
Hy=Y pljes) [GeV) Hy=) plets] (GeV]
] =

0 300 35S0 400 450 ] 0
Hy= Y pljess] [GeV]

DG L~5.2 fb

background analysis, obtained by fitting
data to different tagging efficiency.
3 tag sample: bbb ~47%

x4 S50
Hy= Y pliets] [GeV]
&

» compute DATA/MC correction EBJ ) ~-:>§‘;//o
» large systematics CHbec ~1/%
9e s cCj ~2%
jjx ~2%
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Searching for a bbb signal ===

D@ exclusion
LEP exclusion

Strategy
= Build likelihood based on kinematics
= Look for excess in di-jet mass spectrum

......

sensitivity
around tan (3 ~45

— Expected
----- Exp.£1s.d.
Exp. £ 2 s.d.

100 150 200 250 300

« excess » gave rise to many x-checks

= ~ 2sigma at 120 and 210 GeV M, [GeV]
31 200[- Eg ,j:;z fb”
CDF also has excesses @140 GeV 51000° High-mass likellhood
~ But not plan for combination yet !! 2 s00- — Background

[ Heavy flavor

95% C.L.upper limits CDF Run Il Preliminary (2.2/b) 600:
f!__ 102 -- expected limit 400"
= Bl 1cband L
re) @ 2cband B
IT —— observed limit 200
©
m P R BT
= 100
3 n
_E—-ﬂ] E +
z Oy IR
I - +.|.T 1
T P P RPN RPN R B 50 100 150 200 250 300 350 400

100 120 140 160 180 200 M [GeV]

— m,, (GeV/c?)
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Prospects bbb ceo

saclay

+ For summer 2011
<~ includes more data 5.2 — 7.2 fb-1
- MVA tagger = +20% signal

- use NN to pick best jet pairing and
enhance mass peak

-~ Future:
= would benefit from improved di-jet
resolution

+ But systematics are a dominant factor.

[ Efficiency to find correct jet pair from Higgs

Efficiency
o Q
[ ©

o
=l
T

o6l

0.5 - ~——— Leading Pair
— hN Seleciion
Fandom Forest Selection

0.4
- & Ukellhood Selecion

0.3
L, | . s | . . . . 1 . . . | . L ' |

100 150 200 250 300
M, (GeV)
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tau channel challenges ceo

saclay

_ Relatively soft decay products:

+~ Energy shared among multiple decay
products

= neutrino(s) taking away energy

J et-Background

Large branching ratio to hadrons
’.TIIO T l = 1 TRK +

+ Need to reconstruct hadronic final states

. L et wide CAL
= Large jet background TS o [ BN

cluster

= Dedicated energy scale “ 7t
- Three dedicated NN for 1, identification

= typically e~65% f~2.5% ot type I:
T+T- signatures - /" trk E;all t
- at least one leptonic tau e . (no EM cluster)
= « high » pt isolated lepton ot T type 2:
= The other is hadronic or leptonic y Q'f trk + cal
Ay Y  (with EM cluster)
W+jets, QCD instrumental background
J J /alk/if type 3:
¥ ﬂo< > | trks + cal
*.U 7T
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tau channel challenges ceo

saclay

Relatively soft decay products:

- Energy shared among multiple
decay products

= neutrino(s) taking away energy

Large branching ratio to hadrons

+ Need to reconstruct hadronic final states ) et-Background

Tl:o + = +
- Large jet background o et Ef%:?ﬁf
-~ Dedicated energy scale = n° S Sub
. :r["‘ C er
- Three dedicated NN for 1, identification
- typically e~65% ~2.5%
' I:
T+1- signatures ” /’fi -
-~ at least one leptonic tau Ty (no EM cluster)
-+ « high » pt isolated lepton . 2k —
._., The othe.r Is hadronic or leptonic ” /ﬂ QY e cl
W+jets, QCD instrumental background “ay, T  (with EM cluster)

- control samples from: same-sign/opposit

+

sign, Isolated/non-isolated, high NNt/low art ”:+ type 3:

NNt, high M_ L / <§2z > | trks + cal
vy
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TT b channels —
tan B DO Preliminary L=3.7 oW INLCT 201 I result
—@----- >THT W | Data
b p 9T 5 1T, S,
@ 15 e Ewsiets
Y —_— I ElZ - ee
q b E : =fn$titj':ets
= > 10:_ —m,=100 x 5
Look fo two taus + 1 b-jet

-~ 2channels 1.1 TT, _ 200 300
R L M(e,t,MET) [GeV]
-~ Employ multivariate discriminant:
-+ Main variables : myis = \/(pﬁ +p™ + Pr)’ summer 2011
D2, L=7.31b" ; gattf
4“']:_”5;.'”:r;.llelsnl _+jets
Historic: 35“2‘ o = W
Phys. Rev. Lett. 102, 051804 (2009) 0.33 fb' . B Sig m =110 Gevic?
Phys. Rev. Lett. 104, 151801 (2010), 2.7 b’ ::jznni
Saclay activities: 150¢
- b T, T, analysis preliminary 5.2 fb", 1:2
- colab review for summer publication 7.2 fb? 50 100 150 200 250 300

Mhat [ GeVic?]

w DOFrance LPNHE -may 2011 Boris Tuchming - MSSM Higgs at DO 10



1T b channels results

winter 2011 result

tanf3 ~40 go ﬁ : ]
\ [ Observed limit  _
40 E —— Expected limit 7]
- b'[ T LEP .
20k e h <o D@ T, T 2.7 b
0700 120 140 160 180 200

m, (GeV)
- T 1 7.3 fb! analysis in
L h

collaboration review.
= Much bigger improvments than
just adding more data

+ specific discriminants against
different backgrounds

= Inclusive trigger

<= Dominant Z+b background
constrained with Z— up data

tanf3 ~30

Il r fu

=
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summer 20 1 O result

©
o

7
%é — observed |lmlt
%/é """ eXpected imit 77777

[+2]
o

\§\\

.....
s
.
e

mit tanp (t level app!
3
ARANAY N \Y
AN

Zian ree level a
NN

AN
cr‘

N
1=
TT]TTTE

—
o
TTTT

BT, R T R 7T S T R T E—
m, [GeV/c?]

o
TTT

summer 2011 result
100D2; L=T7.3 fiy!
a0 (B} m max, p=+200 GeV
80 gb — b

tan 3 ~20-25< I

e O E¥pected
b Il 0= exclusion
1
M- h [ LEP exclusion

100 150 200 250 300
M, [ GeVic?]
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TT channels

0000 b
9 -
@ T
bk R Pp—TT1
g
b tanB

~ LookforTrt
~ 3 analysis T T, T T, T.T,

Historic:
Phys. Rev. Lett. 97, 121802 (2006) 0.35 fb’

Efficiency (%)
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: n W A
g N O WO b
T TTTT [ TTT T [ TTTT [T T T[T TT T TTT]

—t

o
N \‘.nl\l-l\

100

| 1 | 1 1 1
150

1 | | 1 1 1 | 1 1 | | .
200 250 300

D@ Preliminary (1-2.2 fb ™)

M, (GeV)

>
Phys. Rev. Lett. 101, 071804 (2008) 1 fb" g soof- Ml & Wjes
.. . 5 8005 )
Preliminary : results 1.2-2 fb? since summer 08 2. otnerEW .
I.;Ej 600;
500;— —=— dala
400; ..... M,=160GeV (c = 30ph)
300;
2007
100; ______
Oy 50 TR BT S —
Visible Mass (GeV)
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I Observed limit

TT results

TeT|J+ThT|1 +TeTu summer 2008 result
No-mixing, u = +200 GeV

@
=
S

tanf3 ~30

Sa

T[T +T T summer 2011
Lo e d

90
80
70
60

B D@ exclusion
[ 1 LEF exclusion

Il r fu
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— Expected limit : = Observed
Bl LEP 2 3 — Expected
100 120 140 4160 180 200 220 240 T T T T o s s s s e e e s S
M, (GeV) 100 150 200 250 _ 300
M, [GeV]
T_T summer 2011
> [ D@, 5.4 b (ey)
g | o
S 10°F =
— C — Wijets _
. . C . == Other EW +tt
Paper under collaboration review for £ | oo (1201, 0=50pb
= L
summer : TT +T,T 5.4 fb' w10
Saclay in charge of T T L
Myis = \/ (P +p2 + Br)? ¢ 150 200 250
_ Visible Mass (GeV)
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MSSM Constraints market e
clay
=y 2 100F T Run Il Prelimi L=18-22f"
5% D@ bbb+ TTb + TT gk mmaimocer
[ DO Preliminary, L= 1.0-2.6 fb" WE_
g0l - _EumuequEP
= Observed limit
- m, max, u=-200 GeV 70£ apmu:::i 1a
B Eu:_ [ Expected limit + 2o
60

50k NN
N N N\
tanf3 ~30 a0 40" NN \\\\\\\\\\\\\\\\\»\

30@ ——-—-—-""" S\
I NGRS

20 | 20

- D@ +CDF 1tb + 1T
100 120 140 160 180 200 220 00 120 140 160 180 200
m, [GeV/c?] m, [GeV/c?]

Previous combinations
-+ sensitive to tanb~30

superseded by new DO analysis this summer
~ bt 1, (tanf~20-25)
- TT AT (tanf3~30)

Would be nice to combine these two channels

= But showstopper : need to master overlap,
(in particular b-tag jets) but different cafe
versions
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Conclusion ey

saclay

= |ot of results from DO for MSSM Higgs and large contributions
from DO France

= bbb sensitivity tan3~45 for 5.2 fb
< 11b sensitivity tan3~20-25 for 7.3 fb”

= 1T sensitivity tan3~30 for 5.4 fb
= |f we combine everything we could reach ~20
=~ No updates from CDF for a while ! 60 >

- LHC has a higher cross-sections and 50
much favorable S/B for 11
+ Already reached tanf3~25 with 36 pb-
= \We can expect tanf3~15 this summer 20

"d"'___,-r”, CMS _
. r,.----"'__."' 36 pb' 7 TeV
=27 95% CL excluded regions
— CMS observed
----- +1a theory
— CMS expected
— LEP

——————
-

- DO management is considering that 10 MSSH = sconario, Moy = 1 TeVIC* |
after this summer it won't be %00 160 200 250 300
worthwhile to update tau channels My (GeVich

but still worthwhile to do bbb
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Support slides

Il r f u

saclay

w DOFrance LPNHE -may 2011

Boris Tuchming - MSSM Higgs at D0

16



Charged Higgs

Il r fu

=
saclay
“ Hmy,, <m.: search in top pair sample for decay to H*
< Consider two search modes based on H* decays I C
= Tauonic model: H*—7tv (high tanf) e /s
* Leptophobic model: H*—c5 (low tanp) . bt
t b
< Search dilepton, f+jets, /+T top channels /‘\
%+ Select high-p; leptons, g5, and b-tag - Um b
<+ 95% CL limits on BR(t—H"b) - E
D@ 1.0 fb': PLB 682,278 (2009) ~
« CDF 2.2fb': PRL 103, 101803 (2009) .
CDF Run Il Preliminary [E_th"] " o
Y F 5 ! : ! paretically inaccess T - 1
Tos- " —w— Observed § 95% G L. E : ;:pe:t:duge:uumlm \ﬂ E :E,_I:::f:ih
= I : — EMespecies @aEHGL | T o] Excluded 95% CL reglon % ﬂnﬁ- . Datal_
Eﬂ_d:—- —-— [ ]eenstsm@oswcL. — it Brft — HE)=0.0
1"5 _ [ |oesneism@oswcL LBl = H)=0.2
- aal S T S — 1 Brit -+ Hb}-06
-‘T - : 100 : Dacagraung
E'n.zf \\ 10%
- _L& m.~maX scenario .
o1 DO, L=1.01b" '
b, ® 0 W 10 0 6
M{ )[GeVic’) MH* [Gev] |+b=t=1taullrjﬂﬂlagl dllepian I nleplnq 2'
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MSSM Benchmark

2 parameters, (M,, tan(p3)) to describe SUSY Higgs sector at Leading Order

hbb vertex receive large corrections from sbottom-gluino and stop-higgsino loop

Five additional parameters due to radiative correction
- Mgy (parameterizes squark, gaugino masses)

- X, (related to the trilinear coupling A, — stop mixing)
,  (gaugino mass term)

M
(Higgs mass parameter)
- M., (comes in via loops)

Two common benchmarks
@ Max-mixing - Higgs boson mass

m, close to max possible value

for a given tanf

@ No-mixing - vanishing mixing in
stop sector = small mass

for h

Il r fu

saclay
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MSSM prospects

Including SM searches

|'.'If=|:| GeV, L =Z00GEeY, Mg: 2TeV

Monstandard Higgs Searches, ¢—=71.3y ay =0Gev, M= 20 OGEU, MS'= 2TeV
SM-like + Nonstandard Higgs Searches, 10fb™

[ Bt
90% C.L., 10~
g5 O L, 10f~
Woss oL, T
LEF excl.

B allowed
00% C.L., 1.5x effc
05% C.L., 1.5x effc
Wo5% C.L., 1.25x effc
W?>% C L., 10xeffc
BLEP excl

®— 71T + SM£EHannel

100 150 200 250 300
M 4 (GEV)
~ Fabrice Couderc Wine & Cheese seminar
DOFrance LPNHE -may 2011 Boris Tuchming - MSSM Higgs at D0
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b jets taggmg essential for search at low mass =

-]
(=]

b-Jet Efficiency (%)
(=}]
(=]

%))
o

401

30—

saclay

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Tagger
+ NN

* JLIP

cbtbased
b-jet tagging

1 11 E 1 11| i 1 11| 1 | E 1 11| i 1 11| 1 I i

15 2 25 3 35 4 45 °
Fake Rate (%) :

Can make use of:

||||||||||||||||||

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

High impact parameter of tracks

==> light quark Jet Probability
Secondary vertex reconstruction (SVX)
Lepton tag :
b-jet kinematics (large B-hadron mass)
Combmohon of above with multivariate

RN RN RN RNy L L L L L L T T L L L T T TR T

[LLLLLL R LR LR RN L R RN R LR L LR R L R L R R R RN L RN LR LR LR R R LR R LR L R L R LR RN R RN LR LN LR RN RN LR L]

Eqg: CDF 2" vtx tag
Eg: DONN (2006)

DOFrance LPNHE -may 2011

e=50% for 2% mis-tag at n<l
e=60% for 1.5% mis-tag Pt=50 6eV (loose tag)
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LHC & Tevatron Compared (I)

For M, > 140 GeV

Il r f u
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Stirling et al
1000 ¢ 771 99 > H cross section at 7 TeV
s 1 is >15 times thatat 2 TeV
4 b
'5'} ] .
/ Irreducible backgrounds (WW,ZZ)
g " Vi 1 originate from ¢gq process which
> 4 rises relative slowly (pp vspp )
2 /
E 7 q AW w?
=2 10} / /
L " 1 iAW g W
. >qq 1
MSTW2008NLO
e ' ppe . = Larger signal, better S/N
M, (GeV)
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