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MSSM Higgs Boson

Typically discuss searches for MSSM

450

Higgs bosons in terms of benchmark M, vs My FeynHiggs 2.7.4 |

scenarios where the lowest-order input . M

parameters tan 3 and Ma (Myz) are < MR Seenario

varied. 5w i
3

250

All other SUSY parameters (which only 0

enter as radiative corrections) are fixed o

to some benchmark value (typically . - — .
m®, which favors a high-mass A0). T e T

Existence of a 125 GeV Higgs boson does not in any way preclude the presence of
an MSSM Higgs sector.
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Neutral MSSM Higgs

» Three neutral ® = h, H, A

10Y g
» Dominant production modes are oo e
through gluon-gluon fusion and gty 7T .
associated b-quarks (enhanced by 3
tanf). PRULES W
£
» ATLAS searches in final states £ ss
with: B ’
o u pairs ot P Tl B e i,
o 7_(6)7_(6)' T(é)’r(had), 200 300 500 700 1000

my (GeV)

7(had)7(had)
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7 Selection at ATLAS

Triggering at L1 on
An X ¢ =0.1 x 0.1 using
isolated EM and HAD towers.

. ) >
HLT uses software selection on g g r q
. ] s Lok
topoclusters in AR < 0.4. g o g 10F -80T
08 w E LLH
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F TR b
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Signal Efficiency

Offline reconstruction seeded

from narrow (AR = 0.2) jets. 5000 ! ! S
hy r ¢ Data2011 > T T
2 r = (W) & 4500F Before Tau ID ATLAS Preliminary
. . — 4000 = !
Use BDTs and likelihoods g 4o00r = ehwom 2 200 ictsve 1o
L 2
combining low track r ATLAS Prefiminary] 2 3000 - Data carly 2011
multiplicities, isolation, shower 3000 foL-aom 2500 S
shapes, EM/HAD energy F E:”Eve'oretau o 2000 e
fractions and angular 2000 b 1500
separation to reject QCD-jets r 1000
and electrons. 1000 3] 500
C 0 20 40 60 80 100 120 140 160 180 200
. . . |
Di-tau invariant mass 20 40 0 10 2030 M Tyage) [GEV]
reconstructed using the Missing Likelihood
Mass Calculator. ATLAS-CONF-2012-142 ATLAS-CONF-2013-006
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Mass Distributions: H — T,.4Thad

» Trigger: di-T with pr > 29 GeV and pr > 20 GeV
Reject events with: e pr > 15 GeV, pu pt > 10 GeV

v

» Offline: one tight and one medium ID 7, pr > 45 and p1 > 30 GeV, opposite sign,
Er > 25 GeV

» Two signal bins based on leading-jet b-tag
R L A m > 18T
(0] ' Tpadthae D-vetoed sample 3 (0] 16:* ThadThae D-ta0ged sample B
& 300 ® Data2011 E 3 E ® Data2011 1
E F ma=150 GeV, tan =20 1 E 14 my=150 GeV, tanp=20
S 250 Muli-jet 3 S r Muli-jet 1
Lﬁ E % E Lﬁ 12; & B zon 7:
200F kﬂ B 10 \ Wty 3
r & Top b C \ Y Top ]
150 W WM Bkg. uncertainty b 8; \\\\\\\ \\\\\\\\\\ Bkg. uncertainty {
- ATLAS 1 60 \ ATLAS E
100 4 E A\ e
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r ] AR \ W\ \ \
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Mass Distributions: H — 77,4

> Trigger OR of: (e pr > 20-22 GeV), (1 pr > 18 GeV)
» Offline: e pr > 25 GeV or u pr > 20 GeV, isolation, medium 7 ID
> Reject additional e pr > 15 GeV, p pt > 10 GeV
> mr = /2p7PE(1 — cosAg) < 30 GeV
» Two signal bins based on leading-jet b-tag
R R I I o e R e 140
Zo5000 T T T T | > r T T T T ]
[0] F TopThar b-vetoed sample ] 0] [ TiepThad b-tagged sample 1
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JHEP02(2013)095
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Mass Distributions: H — 7.7,

> Trigger OR of: (e pr > 20-22 GeV), (1 pt > 18 GeV), (e pr > 10 GeV and p p1 > 6 GeV)
» Offline selection: e pr > 15-24 GeV, p pt > 10-20 GeV, isolation, opposite sign
> Agp(e, ) > 2, mey > 30 GeV
» Two signal bins based on any b-tag jet
22000 [T T > ETTTTTI T
82000;%7:“, b-vetoed sample E 8 80 1,1, b-tagged sample E
S18000 ‘ e Data2011 E S 708 ® Data2011 E
~ £ ——— m,=150 GeV, tanp=20 7 ~ £ m,=150 GeV, tanp=20 4
..g1600:* E g 60F R -1 3
o E | [ C 2551 ther electroweak 3
Ii1400: p 1 o 505 K N # 3
12005 . ) Othe.r electroweak E E ggg% Y Single top B
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JHEP02(2013)095
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Mass Distributions: H — pu

Trigger: single u pr > 18 GeV

My > 70 GeV, £ < 40 GeV
» Two signal bins based on any b-tag jet

Offline: two p with pr > 20 GeV and py > 15 GeV, pair highest pr with opposite charge,

» Background estimated from fits to the data.
> 108 FTTTTTT T T T T e > 108 FTTTTTT T T T e
8 . ', b-vetoed sample  ATLAS 8 . w'w, b-tagged sample  ATLAS
w 10 Data 2011 w 10 Data 2011
;‘fﬁo GeV: tan =40 g 108 ma=150 GeV, tan B=40
m&v;;u q>,105 N zom
Other electroweak w . Muiti-jet
Multi-jet 10 a Top
T |
\\\\\V B?(g. uncertainty 10°k AW\ Bkg. uncertainty
[Lot-asi A [Lat-asi
v 15 =7TeV 107 N\ & =7Tev
N Li A 10D\
&\\\\\\a\x\ 10" MMM
100 150 200 250 300 350 400 450 500
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No b-tagged jets

my, [GeV]

JHEP02(2013)095

my, [GeV]
> one b-tagged jet
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Neutral MSSM Higgs Limits
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Neutral MSSM Higgs Limits

5 [T en B0 e
-&1 02 —— Observed bbo CLs ~_| % r ATLAS
= == == Expected bbj E £l MSSM combination, 95% GL limit
E. —e— Observed gg— ¢ CLs 50
8 - Expected gg— ¢ ] J‘Ldt=4A7-4.8 i g
\%10? -i;m 3 40 \E=7Tev ]
o L ] mr, p>0 q
o ] ]
Xk . 30 E
o El 1
= L —> N —— Ol c 4
Eto OB s wery 3 T eeneadie
o f J.Ldt:4.7r4.8fb" ] i -i;‘; .
§1 0723 | | | ! | | TNE : LEP ]
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m, [GeV] m, [GeV]
JHEP02(2013)095

Emanuel Strauss Results of the search for Heavy Higgs and BSM Higgs Bosons from ATLAS 11/26 SLAC


http://link.springer.com/article/10.1007/JHEP02%282013%29095

Doubly Charged Higgs Limits

Search for pairs of like-sign muons produced by a variety of models:
> Higgs » Little » Left-Right

. . . 10? T T T 3
triplet Higgs Symmetric Models — Observed 5% CLupperimt 3
, ---- Expected 95% CL upper limit i

10 T [ Expected limit + 1o ]

T T
— Observed 95% GL upper limit

[ Expected limit + 26
= olpp — H" HO), BRI ete
£51 olpp - H' Hy), BRH'> o'

-+~ Expected 95% GL upper limit
[0 Expected limit + 1o
[ Expected limit + 25

S
T

o(pp — H™ H)x BR(H — ete?) [fb]

g
e
a
3
T
i 10 = olpp — HHO), BR(H > win)=1 5
L £ olpp - HY Hy ), BR(H - 3 I
I 3
] ] 1
ES ] E ATLAS
- [ |dt=47"
;
% L
T ATLAS \5=7TeV Q
T Ldt=4.7 " 107 . : . . -
a r = 100 200 300 400 500
k=3 [ Ns=7Tev N
° Lot R | | Ty m(H™) [GeV]
100 200 300 400 500 600 @
1

m(H) [GeV] " observed55% G upper it
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[ Expected imit + 1o

[ Expected limit + 2

= olpp — H." HD), BR(H - &)=
i olpp - ' HL ), BR(H > eft)=

Limit on cross-section times branching ratio

» Derived from limit on number of lepton
pairs in HEE mass windows (£4% for ee,
+(6 + 0.007 X my++)% for ey and pup)

o(pp — H™ H )x BR(H™* — etu?) [fb]

S

ATLAS
Ldt=4.7 0"
Ns=7TeV

Il Il Il Il 'l
100 200 300 400 500 600
m(H™) [GeV]

» Also show limits for left- and
right-handed H

Eur.Phys.J. C72 (2012) 2244
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Heavy Higgs Decays (WW and ZZ7)

LHC HGGS X5 WG 2010

;‘103 T
8
10
There are BSM models compatible with 10+
the observed ~125 GeV resonance and ;
EWK fit that predict a second SM-like :
heavy Higgs state to complete the i
unitarization of scatering amplitudes. 102
100

Heavy Higgs region must account for:
> Lineshape effect

> Signal — Background interference

Ongoing discussions in the LHC xsec
working group on these topics.
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H— WW — lvqq

Interesting at high mass where it has a high branching fraction in some models.
» Distinctive signature for triggering and background rejection.

» Enough information to fully reconstruct the H mass, imposing my, = my.

> 10°F 0
8 ElLdt=471b" 3 e e e
= [ Vs=7TeV o Data in m, Sidebands | [] F 4 —e— Data (bg fit subtracted) E
T H0), Ho WWo> evij W] G s | Ld=4710 : E
% L ), 1) Background fit 4 o C Signal, m =400 GeV (x7.9) 7
- N E 9 |
L 4 I, m =600 GeV (x 15) |
& 1UF 1/dof = 40/35 (Prob = 25%) 3 @ 10 fonal, m, =600 GeV (x15) - 3
E E 2 1
w L ] |
i 1 S =
r ] W, 1
10 ¢ E E 0 :
1 o] 7
] T 5 =
] s} B
A0 s=7TeV
1 £ H+2j, H—> WW— Ivjj 3
Gov v v Lo Loy Lvvn o Lvvn Lo 0

PRI N TSI AN PSRN B 1 (1 1 PO A 300 400 500 600 700 800 900 1000
200 300 400 500 600 700 800 900 1000 i
M(lvjj) [GeV]

m(evijj) [GeV]

Phys. Lett. B 718 (2012) 391-410
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H — WW limits
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. = —— Observed
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. o
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. 0
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‘ H+0/1/2\J H— WW~>IV]] ‘ ‘ J-Ld"=4-7 fo ‘
10306350 400 450 500 550 600
M,[GeV]

Emanuel Strauss Results of the search for Heavy Higgs and BSM Higgs Bosons from ATLAS 15/26 SLAC


http://www.sciencedirect.com/science/article/pii/S037026931201132X

H— ZZ — Vv

» Main workhorse in high mass H — ZZ searches
» No invariant mass (use my instead), but very good background rejection
> ET and Adgyp cuts in 2 mass regions (boost of Zs increases with my)
» Requires a very good understanding of the £ spectrium over the range of
pileup conditions
(%5; 70,;*332201J|NV R AR , g‘% ;‘”A‘r‘l_ﬁs“z‘dﬁw” " Observed 7
8 eof Highpie-up data : :::IL S E § [ Mz E’:Zecmd ]
% o- L L E % 4; JLt=4.710", {§=7TeV [ 1 o5 E
,_%) 40; - égﬁa\ (m, = 400 Gev)é :Bg 3 =
30F E Tk E
20 E : :
10F E | E
0=300 300 " 400 500 600 700 O 500385300 386 400" 450" 500" 556" 600
m; [GeV] m, [GeV]

Phys. Lett. B 717 (2012) 29-48
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H— ZZ — 'y

. . 350) L

Excellent mass resolution << H width ¢ ATLAS Preliminary
2 * Data

Low branching ratio, but small and smooth S0 =Backgvounazt"

. A Background Z+jets, ft
background at very high mass. " (] Signal (m, =125 GeV)

. .. . W Syst.Unc.
Sets high-mass limits using the full 2012 dataset. HozZ a1
] . . i 20 \s=7TeV:[Ldt=4.6fb"

Categorize into VBF (2 widely separated jets), 3-8 TeV:JLat =207 "

VH (additional lepton), and ggF (all others)

» Uses the complex-pole-scheme for the width
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o Ho 22705 41 ~-BpgeF | @ TF Ho 2205 41 e Exp VBF4+VH
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S F “ogxBR 1 2 oL —o6y,xBR |
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ATLAS-COM-CONF-2013-018
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Summary and Conclusions

» Many configurations of the MSSM sector are still wide open after ~ 125 GeV
Higgs observation

o Work ongoing to get 7 and p searches public with full 8 TeV dataset

» Potential reach beyond my > 700 GeV, but requires more work on the width,
interference terms, and theory uncertainties

o Still using SM-like H as benchmark at high mass for WW/ZZ decays

» Additional 2012 data being processed, data from 2015 and beyond will
drastically improve the sensitivity of these searches.

Channel Lumi (7/8 TeV) [fb~ 1] Reference

o and 7T 47-4.8 JHEPO02 (2013) 095
Doubly Charged 4.7 EPJC 72 (2012) 2244
Fourth Generation Model 1.0-23 ATLAS-CONF-2011-135

H — WW — fvqq 47 Phys. Lett. B 718 (2012) 391-410
H— WW — 'y 47 Phys. Lett. B 716 (2012) 62

H — ZZ — tvv 4.7 Phys. Lett. B 717 (2012) 29-48
H — ZZ — flqq 4.7 Phys. Lett. B 717 (2012) 70
H— ZZ — eee' ¢ 4.6/20.7 ATLAS-CONF-2013-013

All public results available from: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ and
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Physics_Groups
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The ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker
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Tau Missing Mass Calculator

Calculate m. using measured momenta, ET, and the simulated distribution of
angle between visible and missing momenta.

" T T T T T T
E 0.14[Realistic resolution —— Z/y >, M.>30 GeVic?
S [ had-had channel Ho1t, M =115 GeV/c® ]
> 0.12/p1°>10 GeVic, Er>10 Gev Hoote, M, =130 Gevic? ]
£ F ]
//( z ot ]
CI: ]
< 008 e
rmw 0.06 =
/' I 0.04 =
v \\“V : 0.02f- e
e A . L, 1
e b 2 L P WY P
20 40 60 80 100 120 140 1602
Transverse M. (GeV/c")

» more unknowns than equations, but for each (A(A¢l, Ap2 ) pair (grid), we
can solve the equations exactly

» get a probability density function for each Aé point on the grid

» Keep most probable solution
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H — 71 Backgrounds

v

Z/~v* — 77 background estimated from data
o Select Z/+* — pp and replace the muon response with a tau response from MC
o Apply selection to the embedded sample
o Check agreement with Z/~4* — 77 simulation

v

QCD multijet backgrounds estimated from data
o Data-driven with ABCD method
o ep and fhad channels: use SS/OS and lepton isolation
o hadhad channel: use SS/OS and tau ID severity

v

Top (b-tag samples) from data CR

v

W-+jets also from data CR
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H— ZZ — llqq

Published with full 2011 dataset
Large(er) cross-section x BR
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All High-Mass VV' Channels
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From the July 2012 Paper: Phys. Lett. B 716 (2012) 1-29
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http://www.sciencedirect.com/science/article/pii/S037026931200857X

4th Generation Model

» SM Higgs boson searches can also

be interpreted in the framework of & [ ATLAS Preliminary  'CLsLimis |
. . ° r h : ]
a SM with a fourth generation of £ |  —Obseved 4" GenerationModel |
. = 10 ---- Expected EE
heavy fermions. E L Dﬂpc de‘=1-0f2-3 [CIE
- - 4
ot 40 (s=7TeV ]
» Set masses of leptons and o o B2 BEIED
2
n
(o2

down-type quarks to 600 GeV

» Mass difference between up-type
and down-type quarks set to
50 +10 x In(mH/115) 10% =355~ ""360 400 500 __ 600

m,, [GeV]

ATLAS-CONF-2011-135
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-135/

Doubly Charged Higgs Mass Limits
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The mass limits as a function of the branching ratio for the H** decaying to eTe®,

et T, and +£Fu* for (left) H == and (right) Hr== bosons.
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