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Fermiophobic Higgs

q q ~ q W/Z P

> Q > .

wiz> - wiz .
H p
Wiz , ) .,,-"'-- .,
q ‘ q -9 H t
Vector-Boson-Fusion (VBF) associated production (W/Z) asgéciated productiomNttbar)

» Suppressed Higgs couplings to

fermions in 2HDM and Higgs triplet mi1@t(g7—— 77— 3;
models cr:& \Js = 7TeV Fermiophobic £
Here: simple benchmark model (LEP) @ 4 e W (SM) _"g’
* no fermion-Higgs couplings é ............................... g
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« SM boson-Higgs couplings

* Production: Vector-boson fusion
and associated production with W/Z 10"

||n11,_..i T

* Decays to yy, WW, ZZ, Zy
Here: focus on H — yy
=> larger oxBR than SM for light Higgs
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Fermiophobic Higgs — vy

E Low P, categories + Converted transition
7000+ e  Data2011

« Selection: (identical to SM H — yy)

Background model

Events / GeV

O Ny, Fermiophobic Higgs boson
. . m,, = 120 GeV (MC)
- 2 isolated photons with p;> 40, 20 GeV . )
400 \s=7TeV,ILdt=4.9fb

@

* Di-photon mass: 100 <m,, < 160 GeV 300
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200
» 9 categories based on
100" ATLAS Preliminary P< 40 GeV
'presenceOf’YconverSions o . -
« v calorimeter impact point 5 oE T DAL
e T T TTo 120 130 140 150

* p1. related to di-photon p 1
T ! ATLAS-CONF-2012-013 ™%V

120 ———— T T T T T T T

% - High P_ categories _

i °© 100— . Data 2011 _]

T thrust axis % C Background model _

AT 80 e Fermiophobic Higgs boson ]

m,, = 120 GeV (MC) .

. 60— Is = 7Tev,_[ Ldt=4.9fb" _:

- Signal m,, model - } ]

Crystal Ball (core) + wide Gaussian (tail)  “F 1
20—

E ATLAsI Preliminar}ll th|> 40 (_I; eV | ;

* Background m,, model S owb . by e

Exponential N AL I £

_40E ----------------------- E




Fermiophobic Higgs — vy : Exclusion limits

Q_O j T 1 T 7T [ T 1 1 71 I T 1 171 I L l T 17T l L I L I T 17T t
T __—— Observed Data 2011, \s=7TeV  _| —
g 10 o salls=71eV 4 Largest excess at m,;=125.5 GeV
— A H, — vy expected p ) -
0 1
1 ILdt —49f"

T TTITITT

Lt

ST WV WY A— 1 Including look-elsewhere effect:
L0 = VA N E . .
20 e N 1 Significance: 1.60
10%E ATLAS Preliminary 3  Prob. of background fluctuation: 5%
8.+ Y. FermiophobicH—yy 3
10°¢ < E
_ Onene ',(')bserved P, (with energy scale uncertainty) E
10496 ™15 420 125 130 135 140 145 150
my [GeV]
) i —_ Observed CL, limit §
2 5 — Expected CL_ limit i
o —
Observed m, exclusion: E 1oF -;z ATLAS Preliminary
[110.0, 118.0], [119.5, 121.0] 5 -
2 i
i B
Expected m,, exclusion: ? A o )
[110.0, 123.5] Data2011, \s=7TeV ]
JLdt =4.9fb" ]
Fermlophoblc H —>W |
10-1] ........ Lo v v by v by v b v v b by g u g |

110 115 120 125 130 135 140 145 150
my [GeV] B



Neutral MSSM Higgs

g T ——— b

0

g

gluon-gluon fusion: gg — h/H/A

* MSSM requires 2 Higgs doublets
= 5 Higgs bosons:
®=h,H,A; H" H

LHC HIGGS XS WG 2010

* h/H and A nearly mass degenerate

o(pp — ¢ + X) [pb]

2 parameters at tree level: m,, tanf3

* Enhanced couplings to b and <t :
in large parts of parameter space 10°

2 - tanp =30 E
Oppha * tan=p - mhmax scenario 3

104+ e
10° 10°

M, [GeV] ¢




Tau signature and identification

o<

Hadronic t decay (1, .4):
* Narrow, collimated jet
- isolated energy deposits and tracks 3 . Cus au perormance |
) © 10° = —BDT ATLAS Preliminary 3
* large electromagnetic component E — Likelhood ]
- low track multiplicity (1 or 3) g -l Thag identification |
« high leading track momentum fraction 3 :
£ 1o .
multivariate identification T feonditdeaui-sop
Lprong, B e P Y

NI ST I B
02 03 04 05 06 07 08 09
Signal Efficiency 7



Neutral MSSM Higgs : Selection

e+
* 1 isolated e with
pr> 25 GeV

* 1 isolated y with
pr > 20 GeV

» Opposite charges

« E;Mss+p.¢+p# <120 GeV

A®(e,n) > 2.0 rad

(top, WW, ZZ suppression)

> 900__\I TT ‘ TTTT | TTTT | TTTT | L | TT T | TT \__
8 - eu channel o Data 2011 -
. mmmmeeees A(120)/h/H — 1, tanf=20
9 800F BEEEE Z/y*(—7t) embedded .
. - Others J
Q 700 [T Diboson ]
< - QCD multi-jet
q>') 600 S (i & single-t -
L C ~ syst.
500F 7 1T E
F ATLAS Preliminary
400 ]
300F Is=7TeV, det =1.06f"
200- E
100

0 100 150 200 250 300 350 400

E'I',miss+p—|-!e+p-|-’u

[GeV]

Thad T Thad

* Di-t, 4 trigger

e/u’ * Thad

1 isolated e / y with

pr>25/20 GeV © 24, with
* 1 Tpag With pr > 45/ 30 GeV
pr > 20 GeV

» Opposite charges

« E;miss > 25 GeV
(QCD suppression)

» Opposite charges
* Di-lepton veto (Z, top)
« E;miss > 20 GeV (QCD)

*m;:<30GeV (W)
> TTT I TTTT | TTTT | TTTT | TTTT { TTTT TTTT { TTTT { TTTT[TT T > T | T T T | T T T | T T T | T T T
L - + channels a o B ]
5 500 SThag + 1T, ] G140 ThadThag Channel —4— Data 2011 4
N —+— Data 2011 8 e} r e A(200)/H/ = 77, tanB=20 |
& I A(120)/H/h—77, tanB=20 ] ;1 ook , m Multi-Jet N
400 Z/y*(—1r) emb.(OS-SS) = B E V(1) ]
o I Others(OS-SS) ] o ev) + jets
& Wojets (0S-5S) W90 110 s E
300 & Same Sign _] [ 2 ]
L 7 stat. 1 80 n jet Z .
E \s=7TeV,J.L=1.06 fo! 60:— .
200~ 7 - \s=7TeV, '[Ldt =1.06fb
B ATLAS Preliminary ] 40__ ]
- C ATLAS Preliminary
100~ . 0L
W+jet g ’
O _J ol ; '.‘Yé;g’&i!g*u e e 0eesse, kS 0_ | 2 ',,_,,,‘7 = C P . 2 7 POD PP N 2
070 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100

T miss [GeV] E'rpiss [GeV] 8



Neutral MSSM Higgs : Mass reconstruction

* Visible mass : m/s®e (invariant mass of visible tau decay products)

TT

° i . ffecti
Effective mass: m;ec Y = \/(pT+ + P+ pmiSS)2 A.Elagin, PMurat, A.Pranko, A.Safonov,

) ) . Nucl. Inst. Meth. A654 (2011) 481
miss miss miss
miss = (EMISS | pmiss _pmiss () |
P o= 2my e Effective mass

T T T \ L LA LN B

'g 0-14;§e:ILstié: risolutilon —— Zi -t M.>30 GeV/c? ]
* Missing mass calculator (MMC): 2 0a2fpriocav Eoocey IS
= 041
K] C
* 7/ unknown parameters: < 0.08- g
two “missing” 3-momenta, m,, oo8r E
0.04| ]
* 4 constraints from 0.0z} E
Exmlss, EymISS’ My, My O 5800 | 139 hﬁoc;'{'ﬁo;
T Vi
o o MMC mass ranS\\erseMn( ev/c’)
= - 1-prong t decay o C T 1 T | x ]
% L ) 45<p <50 [GeV] | § 0'16;Ei)all_itsti’\°ﬂr2?c1’|;tié’:\v//1czevent had-had channel —E
%0-015_* ’ | ATLAS Simulation > 0'14:_;)¥'5>1E)GHeV/c, £, >10 GeV :I-l-':gg:::;dcir:::‘rgl :
< + H * Z—1t Simulation g 0.121- =
= Scan over A(I)(V’l)’ A(I)(V’h)’ mVV 001 —— Probabiliy function 3 01
- ; : i : 0.08]
=> weight solution according to 1 oost
probability of 3D angle in solution o« + BRI S
. s i 0.02- i
= MMC mass = Max. of weighted 7 = ™« L
m.. distribution N M., (GeVic)

9



Neutral MSSM Higgs : Background estimation

Background estimation based on data control samples:

« Zly* — 1t from t-embedded EBOG;e;h;d'+gt;a; channels ATLAS Preliminary.
ZI‘Y*_’ ““ data Sample ) 1C—> 250} —— EmbeddedZ/y*—>uu{
% 200E - Zly*— 1t MC B
* Multijet background from samples & [ o-rrendia o
with same-sign charges and 1500 i ] i
low E;™iss or inverted lepton isolation 100- 1
: : so. & t ]
« W+jets from high-m+(I,E;™ss) sample - u, ;
kam HHIHHH:E!-E!M-

\ 0 50 100 150 200 250 300
.§ Irh;J'ets elp chalnnels ]—O—dtl o E MMC m.. [GeV]

£ 350 — e
L 300 ATLAS HKyeliminary ---vécla-)lzsx Stg)sssy E
Samoson 9 /9 R

250:_ H syst. E (Q /,J qu,

200k \s=7TeV, | L=36pb" _f g - g / q* o
: , J : f‘)‘o")'owo‘c‘o‘b:' TOUOUOU0Y o

st - \ \
\ W+Jets (0S) %& \ \

] \ L \

\ WHjets (SS)- tq ~q
.s?E.\\f otner bkgﬁ » No significant charge correlation

% 20 40 60 80 100 120 140
M#ep MET [GeV]

« Expect no large E{™ss
* Mostly non-isolated or fake leptons 19



Events / 10 GeV

Neutral MSSM Higgs : Results

o N
o O
o o

(o)
o
o

400
300
200

100

e+ EIM T Thad Thad T Thad

T T T I T T T T l T T T T | T T T T l T T T T i > UL | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT \: > 70_ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T I_

—&— Data 2011 — O] L 3 O] T .

e channel o Azt:oyth Do tanpe20 O 400F thad * KT g channels 4 & F T, T Channel  —$— Data201t ]

Z/y*(—tt) embedded ] o E —+— Data 2011 1 60" e A(200)/H/h — 1, tanp=20

- - . A(120)/H/h—7t, tanB=20 - - C Z 9 ) -

. mm (D)T:;?m ] > 350¢ Zy(wemb(08ss) ] T~ f XY Muit-Jet .

J = Z_ P Others(OS-SS) _Z - C ]

gzz;:;zl tlet - § 300: ) iz oy W-Hets (OS-SS) R § 50_ W(—1v) + jets B

-, : ] F Same Sign b C ]

7 syst. ] L r > A L C Others b

] 250E ~— stat. E 40__ % ot -

_ _ 4 200F ; L E

1s=7TeV, J-Ldt_1.06fb E OOE \s=7TeV,J-L=1.06fb-1 ] a0b E

. . ] " 47

imi ] 150 - - \s=7TeV,JLdt=1.06fb .

ATLAS . E —

Prefiminary : ATLAS Preliminary ] o0l B

. 100 E - ATLAS Preliminary 1

= 50 = 10F =

] E N _ o C : ]

R N > N 0 i O WA S SRR e & =eioSiesiee it aag | 0‘ 4 N E¥ 7 AN, N
50 100 150 200 250 0 50 100 150 200 250 300 350 40C 0 100 200 300 400 500 600

m,, effective [GeV] MMC m. [GeV] m,, visible [GeV]

Final state Exp. Background Data
e (2.6 +02)x 10° 2472
CThad (2.1 £0.4)x10° 1913
Thad T had 233 +3% 245

Sum (4.9 +0.6)x10° 4630
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Neutral MSSM Higgs : Exclusion limits

0 X BR (® — t)

* Assume only one resonance (P):

100% gg — @ or
100% bb® production
(acceptances similar)

« Useful to test arbitrary models

L I L I L ] L I L

"All channels

—e— Observed gg — ¢ CLs

10°

--------- Expected gg — ¢

—o— Observed bbo CLs
mimrmimns Expected bb¢

I Osu X BR(HSM—nt) theory

1 IIIIIII|

S
-
......
.

.....
----------------------
...............

T —

ATLAS Preliminary

T lIIIIII|

95% CL upper limit on 6,x BR(¢— 1) [pb]

m, [GeV]

10‘1 | - |- | | | 1 1 1 I 1 I — l 11 [—
100 200 300 400 500 600

L
[
©
—

(m,, tanp) plane

* Need to assume specific
(c)MSSM scenario

* Here: m, M@ scenario

ATLAS-CONF-2011-132

60 I | | T T | T TT | T T | I: T 17T I T 1T | T F
All channels
—@— Observed CLs :
50 L E);zected CLs
i [ J+2c n
f LEP 7
; ——— ATLAS 36 pb ' observed N
s ATLAS 3640 expectegx' B
40, ; .
307 . -
20 mp?, u>0 |
\s=7TeV, J-Ldt=1.06fb'1 1
107 7
‘}/// ATLAS Preliminary .
' D i oA,

100 150 200 250 300 350 400 450
m, [GeV]
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Neutral MSSM Higgs : Exclusion limits

Comparison of search channels

% 60 L | I | L I | .I. 1 I | I | I T I | I I 1 o[ :.

S " All channels M 150 o S
— - -
50k 4
40 .
A :
3044 : .
«.\ ..... )
o ~@— Observed (hhonly) |
20} ,; B> —@— Observed (honly) _|
/ e —@— Observed (emu only) _|
; —@— Observed CLs -
; et o e Expected (hhonly)
; \s=7TeV, I Ldt=1.06 fb Eﬁﬁiiiﬂ Egn?ungrlly)__

r ..... E d CL

//}// ATLAS Preliminary g L;Ewe ) i
/ G A R

%00 150 200 250 300 350 400 450
m, [GeV]

Update to full 4.9 fb-! data set & inclusion of b-tagging in progress!
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Charged Higgs

* Predicted in Higgs doublet g for mi* < Mp - b
(e.g. MSSM) and triplet models

* my, < m,: dominant production in
top quark decays

S
*my, > m,: gb — tH" production g
important, but more data needed
« for tanp > 3, preferred decay mode T 0%';
is H— tv (here: assume BR of 100%) L 008
= 0.
“ 0.07
0.06
(t — bbH*W* — bb(1,,v)(qq) :lepton +jets|
tt — bbH*W* — bb(1, ,V)(LV)  Tha *+ lepton ggz

tt — bbH*W* — bb(1, ,V)(qq) * Thes + J€lS 0.01

0




Charged Higgs: Lepton + jets channel

Selection:
- 1isolated e / y with p; > 25/ 20 GeV
T~ elpw 2 4 jets (2 b-tagged) with p; > 20 GeV

q . E,Miss > 40 GeV 1D el > /6
Emss x |SIn(D) pigs)| > 20 GV if [ | < /6

g « ldentify “hadronic side” by choosing

combination of 1 b-jet and 2 light jets

o — 2 o 2
that minimizes XZ:(’"H” Muop)” | (mjj — mw)

. .. . . Toop o2
Discriminating variables:
ap®-p’ . 2 "
cos b = B " (my)” = ( My + (7 + P+ pE)? —Pb) ~(pt' + pp™
m%op - m%V m%op - m%V ! \/ P ! ( )

USRI I I I R U IR LA
- —HW = (v) (aq)
. m(H" = 130 GeV
05F -~ W'W = (Iv) (qq)
W'W — (tv) (aq)

o

w

\
o
o
~

U L B L L UL BULEE IR IR R

— H -1t+v,—>l+vs
m(H") = 130 GeV
W—l+y,
W—o=t+v,—l+vs

©
o
{2}

o

n

[¢)]
T

o

n
A
L

o o
Tvg‘lfg

Normalised number of events

015H generator level - 0.03}- Igentlarator E

: ] . _— eve ] ~
0.1 | Discriminates - | Lower bound

: 1 between leptons ’ y | mass of charged
0.05} 0.01F L

Normalised number of events / 2 Ge

| from  and W 1 boson (H* or W)

04 08-06-04-02 0 0204 0608 1 0 20 40 60 80 100120140160180200
cos6* Transverse mass m'r* [GeV] 15

(@)




Charged Higgs:

Lepton + jets channel

Signal region: cos6,* < -0.6, my(I,E{™ss) < 60 GeV

300 > 250
S | ATLAS e Data 2011 & | e Data2011
©3000- Preliminary [ ¢ _ bW W™ o [ f-sbbww
s | B8 Others ] 22001 mm Others 7
1T 25001 XY SM uncertainty 2 [ XY SM uncertainty
; v — m,=130GeV 1 Q. — m,.=130GeV b
2000 \\\\\@ B(t > bH") = 5% L Bt bHY) = 5%
15000 N JLdt=4.6 i 1 oo:— JLdt=4.6fb'1 }
N N Vs =7Tev - \s=7TeV
1000} N - - ATLAS
- SN 501 Preliminary ]
500/ A i
0y 0.5 0 %620 60 80 100 120 140 160 180
cos6? m{ [GeV]
Sample Event yield (lepton+jets) Dominant background from
tr 840 £20 +150 <€—— top pairs!
Single top quark 28 + 2 18 : o
W-tets 4 = 3 0 Slmulafted VYIth MC@NLO*,
Ziets 21% 07 712 normalized in -0.2 < cos@*, < 1
Diboson 05+ 0.1+ 0.2
Misidentified leptons | 55 +10 + 20 <«——— Misidentified-lepton background
2 SM 940 +22 +150 determined from control sample
Data 233 with loosened lepton ID
t—>bH" (130GeV) | 120 £ 4 + 25

16



Charged Higgs: .4 + lepton channel

Selection: g,
7,
- 1 isolated e / y with p; > 25/ 20 GeV X2,
O
* 11,4 With p; > 20 GeV gérmw
. >2jets (2 1 b-tagged) with p; > 20 GeV 6666
(
. g
« Sum of primary-vertex track p-:
Zpr> 100 GeV
3400E ' rie e pamzott ] $400°  ze4 e Dam2oti
< 350 Ejﬂsef . 4 R 3500 \ EIH:H ]
H . H . =~ E et—7 misi 1 = u R et—7 misi 3
Dlscrlmlnatlng -% 300;— B e— ¢ misid —; ‘% 300;— ‘ Bl o misid .
. . = - . B Misid'ed lepton 7§ > Y Il Misid’ed lepton 3
varlable: ETmlss H 2505 SM Uncertainty é - 2505 SM uncertainty E
200 m,. =130 GeV - 200F m, . =130 GeV —
150k B(t—bH") = 5% _ 150n8 B(t—>bH") = 5% E
100 ATLAS Preliminary 1005 ATLAS Preliminaryé
J.Ldt=4-6fb"1 E J.Ldt=4.6 o ]
20 \s=7TeV \s=7TeV 3
100 150 200 250 300

E_r|1:|iss [Gev] E$iss [GeV]

« Background contributions with misidentified taus:
u: 0.05%, e: 1%, jets: 55% ; jet = T, 4 mis-ID measured with W+jets

* True-tau background taken from simulation 17



A candidate event int, 4 + lepton channel

transverse

L“,,‘:f;’;g i tt — Hbuvb, H — v 7 § ATL AS

' 1 EXPERIMENT

W detached vertex
of b-jet




Charged Higgs: .4 + jets channel
Selection:
« v+ E;™Mss trigger
* 1 1,4 With p; > 40 GeV
* 24 jets (2 1 b-tagged) with p; > 20 GeV
« E;Miss > 65 GeV

Emiss

. H = = gu R T ~ 12
E.Miss significance: 055~ 13 GeV

* Jjb combination (hightest p) consistent m,,

> lllll ] T T I L N TTTT N T 1T N L I L I T 1T I:
. . . . . & ® Data 2011 (embedding)
Discriminating variable: S | B simuiaton
2 100 _[Ld 46"
— T miss 1 _ . = t= 4. -
mr = \2P5ETS(1 - 08 Grmiss). ;

10; ATLAS Preliminary é
* True-tau background estimated : |
with T embedding in p+jets events I

(with top-pair like event topology)

o 107056 100 150 200 250 300 350 400
* Mis-id. tau background: as for t,_4+lepton m; [GeV]

19



Charged Higgs: .4 + jets channel

Sample Event yield (r+jets) Multijet background estimated
True 7 (embedding method) | 210 + 10 + 44 by fitting E;™miss Shapes to data.
Misidentified jet— 7 36+ 610 S amma e . . -
. o . R 160F" ATLAS PreI|m|nary
Misidentified e — 7 3+ 1+ 1 8 140F-\s = 7 TeV JLdt=4.6 fb'1—;
Multi-jet processes T4+ 3+47 € £ w0 L omaan
>, SM 330 + 12 + 65 “ Mores
Data 355 soF- E
t —» bH™ (130 GeV) 220+ 6+ 56 40F- :
20F
OO: 50 150 200 250 300
ET** [GeV]
E 80k ATLAS F|>reI|m|nar)|/ . [l)ata 2|011 o Multijet shape from
< I True = control sample with
= 70 Bl Jet— 7 misid inverted t and b ID
g 608 B e 7 misid
b B Multi-jets
50§ N\ SM uncertainty
40 m,, =130 GeV 3
- B(t—bH") = 5% -
30} =
o0f j Ldt = 4.6 fb
N \s=7TeV

10§
% 50 100 150 200 250 300 350 400

my [GeV]

20



s: Exclusion limits

Charged Higg

B(t— bH")

Frprrrrp T T T T :—" FT TPTTTT T T T T T T T T T T T :_—" ;'I""\""I""I""\""""""
- ATLAS Preliminary S | ATLAS Preliminary S | ATLAS Preliminary
i —-—CE)bserveéj CLs Data 2011 i I —-—CE)bserveéj CLs Data 2011 i i —-—(E)bser\t/eéi CLs Data 2011
L ecte 4 = L e xpecte 4 = L xpecte
1§ -i)flr(; \s=7TeV E M 1; -i‘lF()S \s=7TeV ] o 1§ -i‘lg \s=7TeV E
B ] B + ] C + 4
p EJ+20 ILdt=4.6fb'1- Bt J-Ldt=4.6fb1: P Bt20 ILdt=4.6fb1-
107 =R (V2 — | 3 107 E
10%E jeptontets E 10%E 14lepton E 10%5 tyjets E
T N I IS TS WIS WS W I IS I NSNS ANV IIEr AT A W Lol b b b v b b
90 100 110 120 130 140 150 160 90 100 110 120 130 140 150 160 90 100 110 120 130 140 150 160
m,. [GeV] m,,. [GeV] m,. [GeV]
—— JIlIIIIlII\Illllll\lll‘lllllll\IIIIIIl\L
ATLAS-CONF-2012-011 t F . .
E - ATLAS Preliminary -
I - —— Observed CLs Data 2011 i}
~— L Expected ]
T 1 i \s=7TeV -
- [J+2c 1 o
: JLdt=4.6 o' - Tevatron limits:
-1 R _|
107 Combined 3 BR < 10-15%
-2 _]
10 - combined -
—II|IIII|II\Illllll\lll‘lllllll\IIIIIIl\I_

90 100 110 120 130 140 150 160
m,. [GeV] 21



Charged Higgs: Exclusion limits (MSSM)

QGOJ\I\II\'\1!\II.II'Ill\\IIIIII‘\I\/I‘III\WWL Q60_'||‘"‘|"|\‘|\|\||\||||\ll‘r|’ rTTTTTTT Q60
§ | ATLAS Preliminary / 1§ [ ATLASPreliminary clopton | 8
501 lepton-+jets // . 50F mr \s=7 TeV / - 50
] - Data 2011
40 a 40 s - 40
r ] I |Ldt=4.6 fb// ]
[ ] L / ]
30 ] 30~ -~ . 30r
20 -] - E C
ST mpasrev | 20 o Qenedcs 3 20
L (N ER; i C B+ 1 ]
10 T #2 Data 201 . 101 Czz0 = 100
r - — gbserved,ftTtsf det =461 ] L — — Observed, + 1.6. ]
ojxl\llJlexoTqu(l:ella:nllleslH||||||JJ|\|||||J|HF - | L Ll L th‘eor.unc‘enalntlels ‘:
90 100 110 120 130 140 150 160 0%50"100 110 120 130 140 150 160 0
mH+ [GeV] mH* [GeV]
ATLAS_CONF—2012_011 Q60_I T | T TTT | T TT | T TTT | T T 1T | T TT ‘ T T TT | TT T T I_
c i .. ]
g | ATLAS Preliminary . 1
50__ m’,;‘ax \S=7 TeV ]
L —— Observed CLs i
[ === Expected . ]
40-mm:s Combined .
. [ J+2c i
| — — Observed,+1c ]
30 theor. uncertainties —
20 7 .
i / ]
- ~" Data 2011
100 \\ -~ 1
N N7 JLd’[ =4.6fb -
O_I | | | I | | | | 1111 | 1111 | L1l ‘ L 111 | | I | | 11 I_

90 100 110 120 130 140 150 160
m.. [GeV]

_II|TIII‘I!II‘IIIIITIII‘I!II‘TIIIITI

- ATLAS Preliminary
L mp® \s=7 TeV

T+jets

- =—e— Observed CLs

[ =m=== Expected

— I 1o

L [ Jz*2c
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theor. uncertainties

Lo b v v v by

Y“Data 2011
/1

~___ /" J-Ldt =461
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...we will probably
be able to rule out
low-mass charged
Higgs with 2012
data, if it doesn’t
exist!
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Charged Higgs: H* — cs

« H = cs dominates for tanf < 1

 Require large E;™ss and m;
to suppress multijet background

» Kinematic fit with W and top mass
contraints to find best H* candidate

 Set limits on BR(t = H*b) assuming
BR(H*— ¢cs) = 100%

Events / 5 GeV

1

) =

— CS

95% CL on B(t — H'b) with B(H*

ATLAS-CONF-2011-094

: T l T T T I T T T I T T T T I T T T I T T T l T T T I :
35 ATLAS Preliminary ® Data 2010 =
- == Background only =
C -1 22~ Uncertainty =
30 C _[ L =35pb —— Signal + Background
- ---mH.=110Ge -
25— BR(t > Hb) = 18%
- Non-tt 3
20— ]
15— —
10— . —
C b .
5 g -
o: 1 r 1 1 -.I---Il-l--l P T |-|-|.-|-'T 3 = .
0 20 40 60 80 100 120 140 160
m; [GeV]
1 - I | T | T T T T I T T -
0.9 Limits at 95% CL: =
= ATLAS Preliminary I L=35pb' = Expected Limit E
0.8 - [ Expected £ 1o :
0.7 f_ Expected + 26 _f
- —&— Observed Limit =
0.6 EEETER CDF Observed =
05 B DO Observed =
0.4F- Tevatron
0.3 —
0.2 =
odE- e, =
O E L | 1 1 L L l 1 1 1 l l I 5
90 100 110 120 130
m,. [GeV]



Doubly-charged Higgs

q =

* Relevant e.g. in Higgs triplet,
Little Higgs and Left-Right
Symmetric models

« Select p pairs with same-sign
charges and p> 20 GeV

» Look for resonance in ptpt
mass spectrum

* No significant excess over
SM background found

Muon pairs / 25 GeV

Data / Bkg

a .
W
_______________ H++
w
g i
{0 o L
= ATLAS —+- Data 2011 =
S5E [] Non-prompt i 3
soF Jldt=1ﬁfb‘[:jp t 3
— rompt —
- \s=7TeV -
25— —— —
20F- | WZ, ZZ, W*W=, ttW =
L E
1of- | 1 E
5:_ I _:
= ¢‘=%—l— E
0.'...1....1 ........ . = —
4E | ' ' E
3F E
12 2 ++++++ Z

OO

50 100 150

500 250 300 350
m(u*u®) [GeV]
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Doubly-charged Higgs: Exclusion limits

Set limits on H** H- pair production via Assuming predicted cross
Drell Yan process pp — Z/y* — H**H- section, set limits on BR
L S e fi\ -ObservedQS%C.L.Iim 77777777777777

A TL A S HT . — Expecte: I95/ C.L. limit
J.Ldt - 1.6fb" %g .
10 \'s=7TeV

------

-----
.

. IIIIII|

JLdt =16fb’

\s=7TeV

IIIIIIIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIIIIIIII

pp — H™ H )x BR(H™ — ut p?) [fb]

1 ——e—— Observed 95% C.L. upper limit I N R

- ----e--- Expected 95% C.L. upper limit 150 200 250 300 350
B Expected limit+ 1o M(H™) [GeV]

: Expected limit + 2¢ N :

B8 o(pp — H™ H_), BR(H —pu’)=100% ~ A .
[ 20000000 5(pp - H* Hy), BR(H;—‘L_)”iui)=100% 7] i [ observed 95% C L. limit _§
\b’10-1| oo by by by by by T = Expected 95% C.L. limit _§
100 150 200 250 300 350 400 e op - Expetdinit E
z g
H= mass [GeV] = E
Right-handed Higgs mass < 251 GeV amas
Left -handed Higgs mass < 355 GeV 2 [raron 3
@95% CL if Br(H**> u* 1 *)=100% A R
x
Tevatron (CDF) upper limit: 205-245 GeV MIE,) [GeV]
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NMSSM q; = utu-

i

+

i

« NMSSM: introduces singlet scalar

field to solve u problem

= 3 CP-even scalars (h,4, h,, h;)

2 CP-odd scalars (a4, a,)

* a, can be very light!
Myy <2 Mg

Analysis:

» Opposite-sign di-muons (P>4GeV)
 Likelihood ratio selection based on

utu- vertex x?and p isolation

» Set limits by fitting to mass
spectrum

* Y region excluded

pEsss  Expected limit

> 1 05 E T T T T | T T T T I T T T T E

3 - ATLASPreliminary 3

S C _ ]

S - \s=7TeV,det=39pb1 i

% 10°F =

Q0 = =

= ¥ . S ! §

E. . 0000.“.“ = Data : Before the LR selectit;n g

- ¢ —e&— Data : After the LR selection: 7

- - MC :m(a) = 6.5 GeV —

1 02 — I: MC :m(a) = 7.5 GeV —

= [ M :m(a) =85 Gev
C D MC : m(a) = 11.5 GeV
I 1 1 : 1 1 1 I L 1 L : 1 1 1 1

6 7 8 9 10 11 12

m,, [GeV]
S :l T T T I T T T T l T T T T T | T T T T I T T I:
2 - ATLAS Preliminar -1 7]
%16003 \s=7TeV ’ J-Ldt=39pb ]
T 1400 -
« 0 4
51200F =
© —— Observed limit n

m,, [GeV]
ATLAS-CONF-2011-020 26



Conclusions

* Various interesting BSM Higgs scenarios are being probed
in parallel to SM Higgs search

* No indication for BSM Higgs bosons yet ...
but lots of upper limits on cross sections/branching ratios

« Searches continue with more data and improved methods

=> There is still significant room for BSM Higgs searches
for the year ahead ... and after!
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Fermiophobic Higgs — vy : Exclusion limits

rrrrorrrr T
Observed SM CL, limit

----- Expected SM CL, limit

—— Observed Fermiophobic CL limit

- - - Expected Fermiophobic CL, limit

—_i
o
w

IIIIIIII_
IIIIlII|_

Data 2011, \s =7 TeV

95% CL limit on ocxBR(H—yy) [fb]
2

ATLAS Preliminar}/ |
1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
110 115 120 125 130 135 140 145 150
my, [GeV]
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Fermiophobic Higgs — yy : Systematics

Signal event yield

Photon reconstruction and identification +11%
Effect of pileup on photon identification +4%
[solation cut efficiency +5%
Trigger efficiency +1%
Higgs boson cross section +9%
Luminosity +3.9%
Signal mass resolution

Calorimeter energy resolution +12%
Photon energy calibration +6%
Effect of pileup on energy resolution +3%
Photon angular resolution +1%
Signal category migration

Higgs boson pr modelling +1%
Conversion rate +4.5%

Background model

+ (0.1 —7.9) events
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MSSM Higgs sector

« MSSM: 2 Higgs doublets = 5 Higgs bosons:
ho(CP=1), HO(CP=1), A°(CP=-1), H*

* At tree level described by two parameters: m,, tanf3 = v /v,

* Fixed mass relations at tree level:

miyy, = 5 (mi+myx /(m3+m3)? — 4mfm3 cos? 25)
2
ey,

< 'm,QZCOSQ 28 < m,%

500 T

» Upper mass bound modified by radiative
corrections (depend on SUSY parameters,
e.g. mixing in stop sector)

| 1
X, = V6 Mg

tan 3 = 3
tan 3 = 30 ====--

300 |

200
All parameters except tanf3, m, fixed in benchmark scenarios:
150 :

m, ™aX: m, < 133 GeV, maximum allowed mass for h €=
N nomixing: m, < 116 GeV, no mixing in stop sector
gluphobic: m, <119 GeV, suppressed gg fusion
. smalla: m, <123 GeV, suppressed ttbar h,h — bb

100

). 50 100 150 200 300 500
M4 [GeV] 31



MSSM Higgs production

......
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Estimation of Z = 1 1 Background

 Reliable Z — tt model important for low-mass Higgs
 Desirable to use real data, but cannot be selected signal-free

* Instead, use high-purity Z — u u sample (~ signal-free due to
small Higgs-pu coupling)

33




Z — tt "Embedding”: Method

*InZ — uuevents, remove muon
tracks and nearby calorimeter cells

e Simulate stand-alone Z + tt
decays with same 4-momenta for
the t's as for the muons
(after mass correction)

* Merge into single hybrid event and
re-reconstruct objects and E™ss
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Neutral MSSM Higgs: Background Estimation

» Estimate background from same-sign (SS) data sample

Bkg | Bkg|, .QCD
nNog” =|Ngs [TMOS—SS

Bkg

Q

» Assumption made for QCD:

%% YA other
TNos—_ssTNOs—ssTNOS—SS

other

W Z
Ngs T Nos_ssTNos—ssTNOS—_ss

rQCp = n(OS)/n(SS) ~ 1

Checked with QCD-enhanced sample

- E{miss < 15 GeV
- loosened lepton isolation

'QCD = 1.16
ré‘{’CCD = 1.06

+ 0.045t3t 4 0.09%st
+ 0.13°%t¢
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Neutral MSSM Higgs: Background Estimation

Bkg Bkg, %74 VA other
Nog =|Mss MNos—ssHOs—sstTOS—ss

\ J
|

OS-SS "add-on”
due to rog55 7 1

* Nnes from nominal selection 8 | rsets eschannels oo -

$S E350— P A(120)H/h—rr, tanB=40 ]

with Q(Z)Q(T) = +1 o [ ATLAS Preliminary G Zrmetonss ]
300:_ 01:crs'.os §8)

« Z 77T and 250 b ”s"' :

OS-SS “add-on” from simulation 200" Va=7Tev, [ L-aspt -

Z /. ]

_ ) ) 1501 i ]

« W+jets OS-SS “add-on’: : Wrjets

100 add-on 7

from M;> 50 GeV control sample 50 E

o S P [ N R N
20 40 60 80 100 120 140
M.II._ep,MET [GeV]
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Neutral MSSM Higgs: Systematics

Table 4: Uncertainties on the number of selected events for those background contributions that are at
least partially estimated from simulation and for a hypothetical signal (m,4 = 120 GeV and tan S = 20 for
the eu and €71y, final states and m, = 200 GeV and tan 8 = 20 for the 7,,4Tqq final state). All numbers
are given in %. When three numbers are given the first refers to the ey final state, the second to the
{744 final states and the third to the 7,47, final state. If an uncertainty does not apply for a certain
background, this is indicated by a “-”. For the eu final state, the uncertainty on the W+jets background
is dominated by the statistical component and the systematic uncertainty is neglected; for the £7,,44 final

state the W+jets background is estimated from data.

W4jets  Di-boson i+ Ziyvt -  Zly - Signal
single-top  ee, uu T
T inclusie -/-/5 7 10 5/5/- 5 14/14/16
Acceptance -/-/20 4,217 3/2/9 2/14/- 5/14/14 5/1/9
e efficiency -4-/0.8  4/3.1/05  4/3.6/0.3 4/3.1/-  4/3.0/0.5 | 4/3.6/0.1
u efficiency -4-/0.3  2/1.2/04  2/1.1/0.0 2/1.3/-  2/1.8/0.4 | 2/1.0/0.1
7 efficiency and fake rate --21 -/9.1/15 -/9.1/13 -[48/- -/9.1/15 -9.1/15
Energy scales and resolution | -/~/73}  2/7%/*% 6/7/12 /733 11175 /=55
Luminosity -f-{3.7 3.7 3.7 3.7/3.77/- 3.7 3.7
Total uncertainty ST 104033 13/15/23 878 9721778 | 16/
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H*. Estimation of mis-ID lepton background

Misidentified-lepton background
determined from samples with
tight (T) and loose (L) lepton ID:

Nt = NEL4NE
N' = N, +N/

Nh = =2 (p,N" = NT)

Pr— Pm
NI NI
with p,=— and pn=—7
N7 Nn

from Z—e*e from multi-jets
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Charged Higgs: Systematics

Source of uncertainty

Normalisation uncertainty

lepton+jets:
Generator and parton shower (bbDWH™, signal region) 10%
Generator and parton shower (bbW*W~, signal region) 8%
Generator and parton shower (bbWH™, control region) 7%
Generator and parton shower (bbW* W™, control region) 6%
Initial and final state radiation (signal region) 8%
Initial and final state radiation (control region) 13%

" T+lepton: |

Generator and parton shower (bbWH™) 2%
Generator and parton shower (bbW*W™) 5%
Initial and final state radiation 13%

T+jets:
Generator and parton shower (bbWH™) 5%
Generator and parton shower (bbW*W™) 5%
Initial and final state radiation 19%
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Charged Higgs: Systematics

Source of uncertainty | Normalisation uncertainty | Shape uncertainty
lepton+jets: lepton misidentification
Choice of control region 6% -
Z mass window 4% -
Jet energy scale 16% -
Jet energy resolution 7% -
Sample composition 31% -
T+lepton: jet— T misidentification
Statistics in control region 2% -
Jet composition 11% -
Object-related systematics 23%% 3%
T+lepton: e— T misidentification
Misidentification probability 20% | -
t+lepton: lepton misidentification
Choice of control region 4% -
Z mass window 5% -
Jet energy scale 14% -
Jet energy resolution 4% -
Sample composition 39% -
T+Hjets: true T
Embedding parameters 6% 3%
Muon isolation 7% 2%
Parameters in normalisation 16% -
T identification 5% -
T energy scale 6% 1%
T+jets: jet— 1 misidentification
Statistics in control region 2% -
Jet composition 12% -
Purity in control region 6% 1%
Object-related systematics 21% 2%
T+jets: e— 1 misidentification
Misidentification probability 22% | .
T+jets: multi-jet estimate
Fit-related uncertainties 32% -
E™-shape in control region 16% -




Doubly-Charged Higgs: Event yields

Sample

Number of muon pairs with m(p*p")
> 15 GeV > 100 GeV | > 200 Ge\"l > 300 GeV

prompt muons 63.1 7834945 96=x16 (224 =054
non-prompt muons| 37.57 57 | 13.0£4.5 | 1.8+0.7 |0.31 £0.18
charge fiip 0%37 | 0%3 | 07 | 0fgE
total 100671521 480+ 6.4 | 114715 | 2567053
data 101 32 7 1
Sample Number of muon pairs with m{u™ u™)

> 15 GeV | > 100 GeV|> 200 GeV I > 300 GeV

prompt muons 41.2 £ 5.3' 23.0£32| 6612 |1.33£040
non-prompt muons 20.2:23 6322 | 1.0=x04 (024 £0.15
charge fip oty3 | 0793 | 0%3 | 0%
total 614750 | 208+39 | 7.5+£1.3 | 1577052
data 61 2 | 6 1
Sample Number of muon pairs with m{p~ p )

> 15 GeV|> 100 GeV|> 200 GeV|> 300 GeV

prompt muons 21930 114 £18 [3.04 £0.67|0.91 £0.32
non-prompt muons| 17.4%%7 | 6.8+24 |0.83%0.38 0.0775:05
charge fip 0123 | 03 | orex | grom
total 39.372% 1 182+3.0 | 3.87155% | 0.98104
data 40 | 10 1 0

Muon pairs / 25 GeV Data / Bkg Muon pairs / 25 GeV

Data / Bkg

1 L B I I I
C ATLAS —+- Data 2011 7
25 J.Ldt= 1.6 f" L Nom-promet i
C [ JPromptp .
20:_ \s=7TeV 3
15:_ Positively charged pairs =
10— -
5 =
0_ P S ST NS TN M =
4F ‘ ' ‘ ' E
3t
2t -+ + 3
"\ ety E
00 50 100 150 200 250 300 350
m(up*) [GeV]
18 T L L L B L IR
16 ATLAS ~+Data2011 3
uE J.Ldt= 1,615 CINon-prompty 3
= [ ] Prompt n B
1o~ \'s=7TeV =
10f— —
N Negatively charged pairs =
of- =
4F —
2F —Ij —
o_ . =
4E ' E
3f 3
| 4+
B iy
% 50 100 150 200 250 300 350

m(uw) [GeV]
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NMSSM a, — utu~ : Additional Plots

w :I TTT | TTTT ‘ TTTT | TTTT ‘ TTTT ‘ TTTT ‘ TTTT TTTT TTTT TTT \:
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c 1= E > L 7
LI_; "Ns=7 TeV,J‘ Ldt=239 pb-1 ] S 4 \As.”—-l‘;s'l'elz:/relImlnary f Ldt=39pb"
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E T Mo . o [ ]
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£ 1k ATLAS Preliminary . S ATI_-/;ST F\’/rellmlnary L dt = 39 pb”
i 7TeV,| Ldt =39 pb’ 5 glopresrE E
- \'S = eV, t =39 p ] o - x?/d.of:13 7
810" E g F |
g —e— Data : Signal with sideband subtraction J @ | ]
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‘ 1 | | P W | i ._
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0.5 1 1.5 2 my, [GeV]
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NMSSM q; = utu™ : Systematics

Relative Uncertainty (%) at m(a,) (GeV)

Source 60 65 70 75 80 85 11.0 115
Luminosity +3

PyTHiA vs MC@NLO +67 55 +49 40 36 32 20 20

Dimuon Efficiency | *1i 13 *H i e e on
Trigger Correction +8

MC Statistics +10 =10 10 10 =x10 =10 9 9
Likelihood Ratio Modeling +3

Total (Pythia vs MC@NLO) | £70 59 53 45

+41 +37 28 +28




