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Overview o

® Look at searches for a light Higgs boson
» CMS: 471
» ATLAS: 22t

® [nterpretation in the context of the NMSSM
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® NMSSM: Next-to-Minimal Supersymmetric Standard Model

» = MSSM + singlet/ino S + parameters A, k - parameter

® Keeps attractive features of MSSM

» Solve Hierarchy problem, DM candidate...

® Fixes issuesin MSSM
» p-problem — dynamically generate p with <S), now scale independent

» little” fine-tuning problem — extra term ~ k to ease fine-tuning

® More Higgses: hq 23 (CP-even), a; 2 (CP-odd), h* = hq25 = hj or h;
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Motlvatlon o

° Con5|der scenario where ai or h1 (= gb1) is light: 2m_ = 2my,

h(125) = hj or hy, produced BR (¢ = £2%) ~ m,?

via gluon-gluon fusion
Dominant decay:
f / $1 2> TT

BR(pu)/BR(zt) ~ 0.004

® |f§b1=h12 h, = 2h;
® If p1 =aq1: hy = 2a1 or hy = 2a;
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® What can we expect? Decompose the total cross-section X BR:

o X BR = 099" (SM) x ggh? x BR(h = ¢1¢1) X BR(¢p1 = 7 7)?
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N MSS B

o X BR = 099" (SM) k ggh? x BR(h = ¢1¢1) K BR(¢p1 = 7 7)?

Strict constraints, m,, < 10 GeV Strict constraints, m,, < 10 GeV
I ) s s s s sy I O L s s s s sy
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Contours of constant ggh X BR
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coupling) — always = 0.2

Limited by experimental constraints
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N MSS “ and Iscape

e When h; # hyzs:

g X BR

99" (SM)

ggh2 X BR(h — ¢1¢1) )

lO GeV

BR(¢p1 = 7 1)?

Strict constraints mal

Strict constraints, m,;, < 10 GeV
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® Total 0 X BR (h; = hq5):
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® Total 0 X BR (h; # hq5):
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Start searching!



Aside: how CMS dete

ects

Om m 2m im am 5m 6n
Key:
Muon
Electron
~=——= Charged Hadron (e.g. Pion)
— = — - Neutral Hadron (e.g. Neutron)
----- Photon

L Silicon
¥ Tracker

L

_ Electromagnetic
)l“' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

§ Iron retum yoke interspersed 1
liansierse sice with Muon chambers 3
through CMS N .

Trigger
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Signal

® my>>my — ¢1 heavily boosted, tau pair collimated

» ldentitying 2 pairs of overlapping taus non-trivial

® Search strategies to cope with boosted taus:

» Modity tau ID to remove overlapping particle (CMS HIG-14-022)

» Choose an alternative way of identifying taus (CMS HIG-14-019)

» Or choose a different decay channel (ATLAS HIGG-2014-02)

® ATLAS search for 2u2t
» Penalised by BR

» Cleaner dimuon invariant mass spectrum to look for peak

Robin Aggleton | robin.aggleton@cern.ch
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-019/index.html
http://arxiv.org/abs/1505.01609

® Use simple objects instead to target 1-prong decays: 1 muon + 1
track

» One tau in each pair decays to a muon

» Other tau decays to 1 charged particle

» Cantrigger on 2 muons

Robin Aggleton | robin.aggleton@cern.ch SEPnet student conference, 12/1/16 13
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i Definesour |
{ “signal region”

h (125) has low pt = require
large separation between
muons

Look for 1 | Same-charge muons to
opposite-charge remove backgrounds

(22, ttbar)

e ————

track close to

T —ee—"

Muon-track “pair” or “system”,
randomly assign label “1" or “2"
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® Backgrounds dominated by QCD events
» Typically semi-muonic b/c hadron decay from bb events
»  Same-charge muons result of: b — ¢ + LUy,
b—¢— 5+ pu
® Example from PYTHIAS:

Robin Aggleton | robin.aggleton@cern.ch SEPnet student conference, 12/1/16 15
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® Use data-driven estimate (lack of MC stats)

® Use muon-track pair invariant mass (m;) as discriminating variable:

» Use 2D distribution of mq vs m»

» Getdistribution for background events from “sideband” region

19.7 b7 (8 TeV)

o
o))

o
4
I

1/N x dN/dm (GeV™)

—&— Data
—— QCD bkg model

CMS

.......... Signal, m(¢1) =4 GeV
..... Signal, m(¢ ) = 8 GeV E

Stronger background
rejection for my = 8,
less powerful for m, = 4

e —

data/bkg

0.0 B
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4 6 8 10

M, track (GEV)
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® Want sideband region rich in QCD events, little signal contamination

»  with similar kinematics to signal region

® QCD events have muon amongst jet of other hadrons/leptons

® Sideband region = signal selection but allowing 1 or 2 extra tracks

around one muon u with
b with 1 additional
track track(s)

Sideband region

Robin Aggleton | robin.aggleton@cern.ch SEPnet student conference, 12/1/16
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® See no significant excess in data = set upper limit on ¢ X BR

(0B)sig = 0(gg — H(125)) B(H(125) — ¢1¢1) B*(¢1 — 1)

Robin Aggleton | robin.aggleton@cern.ch
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® See no significant excess in data = set upper limit on ¢ X BR

19.7 b (8 TeV)
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® See no significant excess in data = set upper limit on ¢ X BR

)sig

Upper 95% CL limit on (oB) .
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u/e
A
f.. ¥ 1-3 tracks,
OS to /e

L
a = uu a 1T

Trigger on single p (36 GeV) or di-p (18 + 8)

Optimised for m,; = 10 GeV

Look in window m,, € [2.8, 70] GeV

Perform template fit on m, data, including
backgrounds from J/y, Y, Drell-Yan (Z*/y), tt.
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| l U | | I l U | I I

ATLAS 8 TeV limit

’l Ll

CMS 8 TeV limit (HIG-14-019) -
CMS 8 TeV limit (HIG-14-022) |-

hi = hi2s

hy = hy2s

XBR(h125—>2al —)4'1') [pb]

5 gghias
8 TeV

® For reference, 699"(m,=125) = 19.3pb at 8 TeV
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® largers:
» o(ggh)increases by ~ X 2.7 (099"sy = 50pb)

® QCD bb background increase: g = 200ub = 350ub (X ~1.5). Overall
S:B increase by ~ X 1.8

® Potential for more sophisticated MVA-based techniques to conquer
boosted di-taus

® |nvestigate region above 2my,

Robin Aggleton | robin.aggleton@cern.ch SEPnet student conference, 12/1/16
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X BR(hi25—2a; —47) [pb]

hy = hias |-
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® Balance between:
» BR(bb)>> BR(z7) >> BR(pu)
» bb — lots of QCD background
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® Balance between:
BR(bb) >> BR(z7) >> BR(up)
bb — lots of QCD background

Interesting dynamics here

- boosted B-jet pairs

—
|
—

1L IR

P—
|
(%) 2
T T T 11T

XBR(hjxs—2a; —=2b27) [pb]

—
LA

5 gghs
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N
T T T TITm

o
o

mq, |GeV]
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® First LHC searches for production of a pair of light bosons decaying
into pairs of taus performed

® Placed limits on o X BR for ggh(125) = 2¢ — 41

»  Form,=8GeV: CMS - 4.5 pb obs. (3pb exp.), ATLAS - 1.97 pb obs.
(2.06pb exp.)

® NMSSM still looking healthy

® Baseline for 13 TeV analysis

Robin Aggleton | robin.aggleton@cern.ch NEXT meeting @ RAL, 4/11/15 28
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Backup



® What can we expect? Decompose the total cross-section X BR:

o X BR = g99h (SM) X ggh2 p BR(h — ¢1¢1) X BR(¢1 — TT)2
Strict constraints

1-0_""1““1""1""1""~
W o hy = hyas. hi =h |-
0.8_— o h> = hy2s, hi =h» o
I ° h1 = hy2s. hi =h» |
0.6]- o hy=hs, hi=h |
2 = I |
(wrt SM ggh® : |
coupling) S0 g4l |
02| -

0.0 L

0 10 20 3040 50
mq, |GeV]

Parameter scans include latest updates to B-physics

calculations & experimental values in NMSSMTools
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® What can we expect? Decompose the total cross-section X BR:

099" (SM) x ggh? X BR(h = ¢1¢1) X BR(¢p1 = T 7)?

Strict constraints

g X BR

I l I | I | l I

° hy = hyas. h; =h
° hy = hy2s. hi =h>
*  hi=hus hi=h |

o hy = hy2s. h; =h

<
00

<
=)

BR(hi—aja)
=

—
b

S
=

50
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Sample Number of events
Data 873
Expected background events
[ QCD multijet 820 £ 320 ]
tt 1.2+0.2
Electroweak 50147

Signal acceptance A(gg — H(125) — ¢1¢1 — 47)

mg, = 4GeV (5.38+0.23) x 10~ *
mgy, = 5GeV (4.36 +£0.21) x 10~*
mg, = 6GeV (4.00 +0.23) x 10~*
mgy, =7 GeV (4.04 +0.20) x 10*
mgy, = 8GeV (3.134+0.18) x 10~*
Expected signal events for (05)sis = 5 pb
my, = 4GeV 53.0 £2.3
mg, = 5GeV 43.0 £2.0
mg, = 6GeV 39.5 £ 2.0
mgy, =7 GeV 39.9 £2.0
mg, = 8GeV 30.8 £1.8

Robin Aggleton | robin.aggleton@cern.ch
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MCyields

Better acceptance for lighter m, due to larger 7 boost

Sample Number of events

Data 873
Expected background events

QCD multijet 820 £ 320

tt 1.2+0.2

Electroweak 50x£47

Signal acceptance A(gg — H(125) — ¢1¢1 — 47)

mgy, = 4GeV (5.38+0.23) x 10~ *

mgy, =5GeV (436 +£0.21) x 10~*

mg, = 6GeV (4.00 £0.23) x 10~*

mgy, =7GeV (4.04 £0.20) x 1074

mgy, = 8GeV (3.13£0.18) x 10~*

Expected signal events for (05).i, = 5 pb

[y = 4Gev 53.0 £ 2.3

mgy, =5GeV 43.0 £2.0

mgy, = 6GeV 39.5 £ 2.0

my, = 7 GeV 39.9 +2.0

mg, = 8GeV 30.8 +£1.8

Robin Aggleton | robin.aggleton@cern.ch

ggH — 2a — 4t (Gen. level), require =2 SS u

= 0.22
S

0.2

0.18

[TTT [T T T[T

0.16

0.14

my =125 GeV, m_=4 GeV, s =8 TeV

my =125 GeV, m_=8 GeV, [s=8TeV

O:' L [ U |:| R S NN NN RN N
0 10 20 30 40 50 60 70 80 90 100
w p_[GeV]
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Background Estimate

® Relies on same shape for background events in both signal &
sideband regions

» distribution shape uncorrelated with track multiplicity around a muon

» tested using dedicated MC made with PYTHIAS8, no detector effects

Generator study

o
o1

> b) QCD multijets -
S o 4 :*: PYTHIA pp—>bb —
5 - Ny, =1
% 0'3;+= - Ny ,=20r3
X i ]
€ 0f -
0.1:— =.= —:
O_I 1 11 | 1111 | 1111 | 1111 m_._l—l 1111 | 1111 | 1111 | 1 11 I_

O 1 2 3 4 5 6 7 8 9 10
m, (GeV)
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Signal Extraction

® Use 2D plot of mq vs m to fit signal + background to data

» Normalisations of signal & background templates not fixed
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Table 4: The observed upper limit on (0B)sjs at 95% CL, together with the expected limit ob-
tained in the background-only hypothesis, as a function of my,. Also shown are =10 and +20

probability intervals around the expected limit.

Robin Aggleton | robin.aggleton@cern.ch

Upper limits on (¢B)sie [pb] at 95% CL

mge, [GeV] | observed | —200 —10 expected +10 +20
4 7.1 57 7.6 10.6 149 20.2
5 10.3 54 7.3 10.3 15.0 21.2
6 8.6 28 3.8 5.4 7.8 11.0
7 5.0 1.6 22 3.1 45 6.5
8 4.5 1.5 20 2.9 43 6.2
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Yields

Table 3: The number of observed data events, the predicted background yields, and the ex-
pected signal yields, for different masses of the ¢; boson in individual bins of the (1, my) dis-
tribution. The background yields and uncertainties are obtained from the maximume-likelihood
fit under the background-only hypothesis. The signal yields are obtained from simulation and
normalized to a signal cross section times branching fraction of 5 pb. The uncertainties in the
signal yields include systematic and MC statistical uncertainties. The bin notation follows the
definition presented in Fig. 2.

Expected signal for (0B)sis = 5 pb, my, [GeV] =

Bin | Data Bkg. 4 5 6 7 8

(1,1) | 124 | 116 £7 9715 1.9+0.5 <01 01=x01 < 0.1
(1,2) | 231 | 247+10| 21.64+£29 68+£11 19+£05 03+£02 01+0.1
(1,3) 91 98t 6 3808 49+09 24+06 0903 02£0.2
(1,4) 64 60 == 5 0.1+0.1 1504 18=x=05 08=x03 05=x=0.2
(2,2) | 137 | 142+8 | 142420 82+13 28+06 15+£04 08+£03
(2,3) | 112 | 104 £6 37x0.7 10416 92+14 441+08 2340.6
(2,4) 61 59 =5 <01 26=x06 5610 81x13 4.0=0.8
(3,3) 16 19 £2 <01 48=x+09 484+£09 3707 22=+05
(3,4) 29 23+3 <01 19=x£05 80=x=09 111=x15 94=x14
4,4) 8 7x1 < 0.1 <01 3106 914+14 112117
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mq, <10 GeV

No Higgs inthe 122.1—-128.1 GeV mass range | | -

Excluded by ee — hZ h — AA A — light pair -
B_s — mu + mu— more than 2 sigma away =

b — s y more than 2 sigma away |

Muon magn. mom. more than 2 sigma away -
7» (H=ZZ7) > 6.18 .

x> H-yy) > 6.18 i}

7> (H-bb) > 6.18 -

Relic density too small (Planck) =

Relic density too large (Planck)

0.00 002 004 006 008 010 0.12 0.14 0.16
Fraction of failing points that fail given experimental constraint
(encompassing 99.0 % of all failing points)
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® ¢ X BRlandscape at 13 TeV:
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Figure 2: Observed m,,, distribution in CRj (top) and

CRb (bottom) and the SM background model after a

simultaneous fit. The Z/v* component of the fit is the
combination of the Z boson resonance and the v* continuum

sample only valid above m,, >10GeV. The two insets

models. The % residual of the fit is shown below each plot.
show magnified versions of the J/¢ and T resonances.

Simulated SM backgrounds are shown in the stack, with the

Z/y
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