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The Higgs bosons in the MSSM

* Two free parameters @ Born level:
m,, tan 3

Standard Model
« Enhanced coupling to down-type fermions

Prediction
[1 Enhanced BR(A-T1*1")

c [1 Main production processes shown below

| @ ' o O(tan B)?
* BR(A- u*tu™) = 0.04%: Challenging, clean signature

gluon fusion production

MSSM Higgs Boson Predictions

b-associated production
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Previous results

= 2011, an exciting year:
Excellent performance of the LHC and the ATLAS experiment

= Search for neutral Higgs boson in the MSSM at ATLAS up to now:

"F| CrTrrrrrr ‘ IIIIIII ‘ \\\\\\\ | \\\\\\\ ] - - - .
e 7 ATLAS Online Luminosity Vs=7TeV — ATLAS CONF 2011 132'
= E LHC Deli d - 60 L TT 11 T T T T T
%‘ 6 } - elivere ] % :lAII chalmnels I
9 ©  [__] ATLAS Recorded < Oosened cls
2 - e
€ 5 ol Delivered: 5.61 o 50 N
- E  Total Recorded: 5.25 fb ! T ATAS S ceronred.
2 41— 40¢-
g C \
(=) - \ o
Q 3L
= FJI- 30§ el
L ): 1.06 ﬂ) 20 m® u>0 ]
- . 10 s=7TeV, ILdt=1.06fb'1 ]
0 C ™ Ly vy vy L vy v 7 ]
28/02 30/04 30/06 30/08 3110 % ATLAS  Preliminary
/ -

Day in 2011 %00 150 200 250 300 350 400 450

= This talk: Update using m, [GeV]

= The full data set of 2011 f L=4.7-48fb""
= The decay modes h/A/H - 1%t~ and h/A/H - p*u~ (new)

S. Thoma - Search for the neutral MSSM Higgs bosons in the H- p*p™ and H - 171~ decay modes with the ATLAS detector




h/A/H- pru-
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Topological event selection:
2 isolated w

pr>20,15GeV ,q, Xq,=—1
m(u,u)>70GeV
E7*<40GeV

b-vetoed selection: b-tagged selection:

1b—jet, p;>20GeV
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h/A/H - p*tu~: Background Estimation

- Sideband fits to data outside signal windows for each (m , tan 3)

Background model:
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h/AIH- Tv1~ - ep 4v

- et _ 3V, Ut 3V

LI 2V

Thad: hadronic t decay
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h/A/H - 11~ : Common techniques

zl.u
- _ — [
Zly - 11~ embedding: =]Ts

e Select ZIy" — p*u~ data (high purity, Signal free)
* Replace muons by simulated t-leptons
~ ZIy - 11" event

Multi-jet background: Mass reconstruction:
« From data via control regions .+ Visible mass: m/*"*=+ (PT1+PTZ)2

Signal region A | Control region B
Control region C || Control region D

« MMC Mass: (Elagin et. al., NIM A654, 481)

Shape Scaled by B/D AV Evl 4 1—3’T Vo E’T miss

Jets misidentified as T

— Correction factors derived in control regions e Calculate mass

— Misidentification rate measurements * Weight with PDF
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h/A/H - 1717 - epdv

Topological event selection: o 4 selection: 2
1 isolated p & 1 isolated e . -bag.ge Shalaniicine
p">10—20 GeV, po>15-24 GeV —jet (py>20GeV)

No additional b-jet
q(e)xq(u):_l \ Tr er - " e M miss
m(e,n)>30 GeV decision B <15 €Y
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> pi® <100 GeV

Jet-vetoed

X 2000 __l | L I T 1 1 | T 1 I LI I 1 1 T i > :I TTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTTT TTTT T |:
selection: - ey, jet-vetoed selection E 8 80 ey, b-tagged selection E
No iet © 18001 ® Data2011 E S 70E ® Data 2011 =
(0) Je S 2 .1 600 :_ m,=150 GeV, tan =20 _: --a N —— m,=150 GeV, tan =20 ]
>20GeV) 5 - o ] £ 60F B 2 =
(pT ) Q1400 S Di-boson 3 S T F Ot:""l . .
Ll N | Other electroweak ] = - A erelecirowea 3
1200F S Top E W S0p XY ep E
1000 - Multi-jet E C ]
- I Bkg. uncertainty ] 40:_ i Bkg. Uncertainty B
800 ATLAS Preliminary 300 ATLAS Preliminary ]
4 = - 1 ]
% Ldt=471o ] 20F Ldt=4.7fb i
400Esssessesesein E - :
200B . e 10 E
0 ------ )‘gi%“f;‘—‘!§h\\\'n\\\\\nd:“-“_ . _omme n - e i 1

40 60 80 100 120 140 00 50 100 150 200 250 300 350 400 450
m,, [GeV] mVMC [GeV]

S. Thoma - Search for the neutral MSSM Higgs bosons in the H- p*p™ and H - 171~ decay modes with the ATLAS detector



h/A/H- 1717 - et 3v, Ut

had
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1 isolated u, p,>20 GeV =
OR 1 isolated e, p,>25 GeV b-tagged selection:
1T,4,Pr >20 GeV 1 b—jet

qle/n)Xq(Tha)=—1 20 GeV < pb < 50 GeV

m;= \/2*p§/“*E’;iSS(1—cosA¢) < 30 GeV

_I T TT | T T T | TTTT | T 1T | TTTT | T 1T T 1T B
QAC >
No additional e/p 3 - et fuT _, b-tagged selection 1
S 120¢ * Data 2011 B
b'vetoed >2500_||||||||||||||||||||||||||||| T E 100: m,=150 GeV, tanfi=20
= . [} | + , b-vet lection | c — 1Z 511 —
selection: 8 ™ b-vetoed selectio il l.% C Z - eelup i
9 ~ K ® Data 2011 ] B Other electroweak -
miss = E L |
ET >20GeV 52000 m,=150 GeV, tanp=20 _| 80r Top ]
I= B 1z 51 1 - Multi-jet .
L% i Z - eelup i 60 - JHY Bkg. Uncertainty ]
1500 .?t her electroweak ] - isss ATLAS Preliminary ]
L op i - E:::::?Aok _
- Multi-jet . 401~ e J. 47 B
- WY Bkg. Uncertainty i - = Ldt=4.71b ]
1000~ imi . - ' -
- Mo J- Ldt=47fo" ] T o O R
s

500 SEean - Q% 50 100 150 200 250 300 350

- 5 o = NN AT -
. : mMC [GeV]

™ 50 100 150 200 250 300 350

mMMC [GeV]

S. Thoma - Search for the neutral MSSM Higgs bosons in the H - pu*p™ and H - 1*1~ decay modes with the ATLAS detector



h/AIHS Tt T - T T

had had
Topological DE
event selection:
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IN a maximum m.

(g-2)u measurements
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No excess of events above the expected SM background

has been observed in data
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Results

L
No excess of events above the expected SM background gE
has been observed in data
95% Confidence Limit exclusion limits based on CLS

max

Limits in the m, —tanf plane (m;™,u>0)
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Results

L
No excess of events above the expected SM background gE
has been observed in data
95% Confidence Limit exclusion limits based on CLS
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Conclusion

= 2011: Great year of data taking for LHC & ATLAS
- Update on searches for neutral Higgs bosons in the MSSM (4.7-4.8 fb~2):

WA - W ATLAS-CONF-2012-094 (m, tan )
h/AIH- 11~ - e dv, et 3v,ut_ 3v, T_T 2V e

= Exploit two dominant Higgs bosons production mechanisms
- Dedicated event selections:

- b_tagged b-aSSOCIated prOdUCtion 100 150 200 250 300 350 400 450 500
— (b-) Jet vetoed: gluon fusion production ™ (6]

= NoO excess observed

= MSSM Higgs boson not yet excluded
— Very excited & look forward to analyze 2012 data

Thank you for your attention ! I
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Note:

Statistical uncertainties on background predictions were
only taken into account for the new exclusion limit,
not for the old one !
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Coordinates & Objects definitions

ATLAS coordinates: Electrons: Muons:
z: Beam axis Calorimeter Cluster & Track Muon Spectrometer &
¢: azimuthal angle E,.>15GeV /¢ Inner Detector track
0: Polir alngle wrt. z n<2.47 High Track Quality
T an Bo Isolation: E;" ~“<8% pr>10GeV /e
(n—2.5—)2[3’~9 )2 ) AR<04 o nN<2.5
Distances: AR"=A¢@ +An Pr  <b Isolation: E2*<"2<4%
p$R<O.4<6%
T hod - Jets: E™.
1 or 3 tracks k; Algorithm (A R<0.4) All calorin;eter Clusters
E,>20GeV/c pr>20GeV/c Appropriate calibrations for jets / T, ,
n<2.5 Nn<2.5 i Tracks
Tight collimation b-Jet Identification: (Individually for isolated
ID : Multivariate Multivariate technique (NN) and non-isolated )
technique (BDT)
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19 h/A/H- t+1~ : Common techniques

Additional information
Zly - 11~ Embedding: Mass reconstruction (MMC):

- Select ZIy' - p+u- data * Collinear ApprOX|mat|on:
(High purity, Signal free) ~elul/ Thad & v collinear
* Replace y's by simulatedts  §f -~ H } P L P —E, o miss
- ZIy' - 11~ event /
x10°
T [ enaeur,
O] - had had i
o 10 —¢— Z >t Embedded |
_,\@ i B z-<tAlpgen MC |
s o . Embsyst ] * MMC Mass: (Elagin et. al., NIM A654, 481)
t I [Lat-471"
6 \s=7TeV 1 .
i : % ATLAS Preliminary - PDF examples
4 E £ | Leptonictdecay | g [ ", 1-prongtdecay |
i - ; 0.03— 45<p <50 [GeV] ﬁ H ; 45<p <50 [GeV] ]
2 b - % L 4 Zesre Simutation %0.0157 ATLAS Simulation
i !! ] < I — Probability function < +Z_’“ Simulation
-, hd? 0.02— r - ! ]
% ***50 100 150 200 250 300 0.01- { — Probabilty function
MMC mass m_, [GeV]
0-01} 0.005;
‘Hj g f
GOM ‘ 062 0‘04 O|06 0.:2)8‘ GO“ - b05 0.1 0.15 0.2
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Multi-jet background estimation

= Example: h/A/H- 1717 - et . 3v, HT, 3v:

= e/u Isolation: isolated (Iso.) / non-isolated (Non-iso.)

+ q(t,,) xa(e/) = -1 (0S) / +1 (SS)

Signal region 0OS + Isol. OS + Non-iso. ﬁgﬂtr:g:igz?ig:s B & D:
SS +Iso  SS + Non-iso. correction

Control region C:
Multi-jet background shape

=  Assume:

= Variables not correlated for Multi-jet events
= Mass shape not correlated to these variables

Control Region B
Signal Region __ Control Region C nData
Multi-jet ~ ""Data Control Region D
Data
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(h/A/H) - uru-

Signal modeling:
(All resonances (=h/A/H) taken into account)

> ; I I | I I I I | I L | I L | I L ;t > ; I I | I I ] I I | I I . T | I 1T T ‘| I I lI I ::t

8 - b-associated production ATLAS Simulation - 8 - gluon fusion production  ATLAS Simulation A

% 10 m,=150 GeV, tan =40 5 -g 10 «  m,=150 GeV, tan =40 =

Q - — Signal model for A — p* . Q@ - signal model for A — p*p .

|_|>_| i — Signal model for h — p* ] Lﬁ i signal model for h — p*p° i

1 —— Signal model for H— p*u" 1 — signal model for H — p*p"

107" J.Ldt=4.8fb'1 — 107 det=48fb‘1 =

!_j.u | [} } g - é

[ - ]

107 e 10° f ._ .

E l Ha 'I1JI|I‘|| 'I-l.“. E

10-3 i | | | | | | | 1 | | | | | | | ” 10‘3 ‘ || |I“|l||||ll "
100 150 200 250 300 100 150 200 250 300

muu [GEV] muu [GeV]
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The ATLAS detector

zl.u
.. :M
= 2011, an exciting yeatr: L
Great performance of the LHC & the ATLAS experiment
44m
— ™ R L S
: Qo 71— ATLAS Online Luminosity Vs=7TeV —
.................... E - [ LHC Delivered .
" § 65_ [_] ATLAS Recorded B
= 5 Total Delivered: 5.61 fb” ]
- - Total Recorded: 5.25 fb™ n
e
3] 4 -
© : ]
25m D 30 ]
< - ]
| S 2 —
S z
\ : \ LAr hadronic end-cap and 1— —]
forward calorimeters - _
Pixel detector \ - |
Torold magnets LAr electromagnetic calorimeters o T I L L A
Muon chambers Solenoid magnet | Transition radiation fracker 28/02 30/04 30/06 30/08 31/10
Semiconductor tracker Day in 2011
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Old results

= These next slides show the
results for 1.06 fb—1;
ATLAS-CONF-2011-132
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h/A/H - ptu—:
Unfortunately no public results, yet
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h/A/H- t¥1°
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1.06 fb~1: h/A/H= 171~ : Common

techniques

R - zy
- T*1~ Embedding: =Y

e Select Z- p*u~ data (High purity, Signal free) Mass reconstruction:
* Replace muons by simulated t-leptons

L 7. T+1- event * Visible Mass:

visible _

mTT _\/(p11+pT2)2
» Effective Mass:

Multi-jet background:

* From data via side band extrapolation
Signal region A | Control region B
Control region C || Control region D

Scaled by B/D

miss

effective 2
mTf'fr t :\/<pTl+pT2+pT )
e Collinear Approximation:

e/u/t,,; &v collinear

Shape

v v = miss
1 Y —
P +P=E,

Jets misidentified as T

* Difficult to describe in simulations
» Applies to Multi-jet and W+jets

« MMC Mass: (Elagin et. al., arXiv:1012.4686)
Relaxed collinearity requirement:

Bkg __ . Bkg| w Z other
Nos —Ngg +nos-ss+‘n05—ss+n05—ss

b E T
Data  Simulation, Simulation
corrected to data Embedding

e Scanv momenta wrt. E;niss Resolution
« Weight with PDF
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1.06 fb~1: h/A/H - 11~ - epdv

Topological event selection:
lisolatedp & 1lisolatede

u B e B Trigger
p;>10—20GeV, p,>15—-22GeV SEeea
qle)xq(u)=-1 dependent
pr+pr+ET” <120GeV
Ad(e,u)>2.0

eu Channel —&— Data 2011
-------- A(120)/h/H — =z, tanp=20
Z/y*(—1t) embedded

Events / 10 GeV
()]
(@]
(e]

:_ Others _:
B [ Diboson ]
- QCD multi-jet .
500: I & single-t ]
C 7 syst. ]
400 =
- _ =7TV,de=1.06fb'1 -
300 o P g\ S e t -
- ATLAS Preliminary
200 -
100F * -
00 50 100 150 200 250

m_, effective [GeV]
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h/A/H- T

1.06 fb1:

U= B 2V, €1

LLl
Topological event selection: §E
lisolatedp (p,>20GeV) orlisolatede (p,>25GeV)

No additional e/p
1T (pr >20GeV)

qle/n)Xq(Thy)=—1

EM™>20GeV & my=v2Xp*x E™ (1—cosA $)<30GeV

& 400F
(e ]
™ 350

>
)

4250
200
150
100

50

|I|||II|||I|I|I|I||I|I||I|I|I|II|I|
efl:had+u’|:hadchannels

—<¢— Data 2011
A(120)/H/h—1r, tanB=20
Z/y*(—tt) emb.(OS-SS)
Others(OS-SS)
W+jets (OS-SS)
Same Sign
7~ stat.

N

\s = 7TeV,IL ~1.06fb"

ATLAS Preliminary

IZ”.I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

EJIlIllJIJ s

OO

50 100 150 200 250 300 350 400
MMC m.. [GeV]
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