
Search for New 
Light Higgs 
Bosons in 

Boosted Tau Final 
States at CMS

Francesca Ricci-Tam
12 November 2015

US LHC User’s Association 
Meeting



F. Ricci-Tam USLUA Meeting

Motivations

• Higgs discovery: important 
validation of SM

• Hierarchy problem: no 
explanation why mH ≪ Planck 
scale

• MSSM: simplest SUSY extension of 
SM, addresses hierarchy problem, 
but μ-term needs fine-tuning

• NMSSM: extension of MSSM by an 
extra singlet superfield, solves μ-
problem

• Recent Tevatron/LHC results 
allow up to ~30% BR for H(125) to 
unseen decay modes
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Figure 1.1: One-loop quantum corrections to the Higgs squared mass parameter m2
H , due to (a) a Dirac

fermion f , and (b) a scalar S.

The Standard Model requires a non-vanishing vacuum expectation value (VEV) for H at the minimum

of the potential. This will occur if ! > 0 and m2
H < 0, resulting in !H" =

!
#m2

H/2!. Since we

know experimentally that !H" is approximately 174 GeV, from measurements of the properties of the
weak interactions, it must be that m2

H is very roughly of order #(100 GeV)2. The problem is that m2
H

receives enormous quantum corrections from the virtual e!ects of every particle that couples, directly
or indirectly, to the Higgs field.

For example, in Figure 1.1a we have a correction to m2
H from a loop containing a Dirac fermion

f with mass mf . If the Higgs field couples to f with a term in the Lagrangian #!fHff , then the
Feynman diagram in Figure 1.1a yields a correction

"m2
H = # |!f |2

8"2
#2

UV + . . . . (1.2)

Here #UV is an ultraviolet momentum cuto! used to regulate the loop integral; it should be interpreted
as at least the energy scale at which new physics enters to alter the high-energy behavior of the theory.
The ellipses represent terms proportional to m2

f , which grow at most logarithmically with #UV (and
actually di!er for the real and imaginary parts of H). Each of the leptons and quarks of the Standard
Model can play the role of f ; for quarks, eq. (1.2) should be multiplied by 3 to account for color. The
largest correction comes when f is the top quark with !f $ 1. The problem is that if #UV is of order
MP, say, then this quantum correction to m2

H is some 30 orders of magnitude larger than the required
value of m2

H % #(100 GeV)2. This is only directly a problem for corrections to the Higgs scalar boson
squared mass, because quantum corrections to fermion and gauge boson masses do not have the direct
quadratic sensitivity to #UV found in eq. (1.2). However, the quarks and leptons and the electroweak
gauge bosons Z0, W± of the Standard Model all obtain masses from !H", so that the entire mass
spectrum of the Standard Model is directly or indirectly sensitive to the cuto! #UV.

One could imagine that the solution is to simply pick a #UV that is not too large. But then one
still must concoct some new physics at the scale #UV that not only alters the propagators in the loop,
but actually cuts o! the loop integral. This is not easy to do in a theory whose Lagrangian does not
contain more than two derivatives, and higher-derivative theories generally su!er from a failure of either
unitarity or causality [2]. In string theories, loop integrals are nevertheless cut o! at high Euclidean
momentum p by factors e!p2/!2

UV . However, then #UV is a string scale that is usually† thought to be
not very far below MP. Furthermore, there are contributions similar to eq. (1.2) from the virtual e!ects
of any arbitrarily heavy particles that might exist, and these involve the masses of the heavy particles,
not just the cuto!.

For example, suppose there exists a heavy complex scalar particle S with mass mS that couples to
the Higgs with a Lagrangian term #!S |H|2|S|2. Then the Feynman diagram in Figure 1.1b gives a
correction

"m2
H =

!S

16"2

"
#2

UV # 2m2
S ln(#UV/mS) + . . .

#
. (1.3)

†Some recent attacks on the hierarchy problem, not reviewed here, are based on the proposition that the ultimate
cuto! scale is actually close to the electroweak scale, rather than the apparent Planck scale.
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Figure 1.1: One-loop quantum corrections to the Higgs squared mass parameter m2
H , due to (a) a Dirac

fermion f , and (b) a scalar S.
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Signature

• Search for H decays to light 
pseudoscalars, motivated by 
some 2HDM’s such as NMSSM

• Benchmark model: NMSSM 
H→aa→4τ

• mH = 125 GeV (h2 in NMSSM)

• ma = 5-15 GeV (a1 in 
NMSSM)

• 4 production modes: ggH, 
VBF, WH, and ZH
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R. Yohay Approval of HIG-14-022 1 September 2015

Trigger

•Trigger: HLT_IsoMu24_eta2p1 

•High efficiency for W or Z 
decay muon in W(→μν)H 
and Z(→μμ)H signals 

•High efficiency for tau 
decay muon in ggH and 
VBF signals when taus from 
a→ττ are well separated 

•Low acceptance overall, 
but good sensitivity to 
these production modes 
due to large ggH and 
VBF cross sections
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Motivation

•Phenomenological analysis of 125 GeV Higgs 
decays leaves room for ~30% BR to exotics → focus 
on decay to a pair of lighter Higgses 

•Motivated by 2HDM, NMSSM, or any model that 
adds an extra singlet to the Higgs sector 

•Chosen benchmark model for MC generation: 
NMSSM 

•3 neutral Higgs scalars H, h2, h3; 2 neutral Higgs 
pseudoscalars a, A; 1 charged Higgs h

±
 

•H→aa 

•H = 125 GeV Higgs 

•a ∈ [5, 7, 9, 11, 13, 15] GeV 

•For ma < 2mb, BR(a→ττ) large ⇒ 4τ final state 

•4 H production modes: ggH, VBF, WH, ZH
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CMS Experiment
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Why look for hadronically 
decaying taus?

• This analysis focuses on 
a→τμτh

• Br(τ→hadrons) ~ 65%, 
compared to Br(τ→μ) 
and Br(τ→e) ~ 17% each

• Excellent τh 
reconstruction and ID 
performance at CMS 
(standard algorithm 
“hadrons-plus-strips”, 
HPS)
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CMS-TAU-14-001



F. Ricci-Tam USLUA Meeting

Boosted τμτh ID

• mH ≫ ma ⇒ boosted a decays to 

collimated τ pair

• Standard HPS algorithm for τ 
reconstruction fails due to 
overlapping τ decay products

• Boosted τμτX ID:

• remove soft μ from particle 
candidates of jet used to seed 
HPS τ

• significant recovery of τ ID 
efficiency (e.g, from ~20% 
before muon removal to ~60% 
after muon removal)

• At least one τμτX object required 
per event

6

τhad: 1 charged hadron + 1 
neutral

τμ

Reconstructed Jet

hadronic τ ID

soft muon ID
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Analysis strategy

• mμ+X: signal-to-background discrimination after full selection (left plot)

• Data control region: events passing all selection cuts EXCEPT τh isolation

• used to model predicted background mμ+X shape in search region

• good data/MC agreement (example: right plot, tau decay modes)
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Results

• Perform counting experiment in mμ+X > 4 GeV, look for excess 
above expected SM background

• No significant excess observed above expected background

• Use results to set upper limits on Br(H→aa)·Br2(a→ττ)
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Limits

• At ma = 11,13 GeV, strongest limits on Br(H→aa)·Br2(a→ττ) 

• Model-independent limits ⇒ can be interpreted in context 

of different benchmarks
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ma (GeV) Expected limit Observed limit

5 no limit no limit

7 40.8% 49.1%

9 18.9% 23.0%

11 13.7% 16.5%

13 13.6% 17.1%

15 20.0% 25.4%
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Conclusions
• Search for Higgs decays to 

light pseudoscalars

• First public limits on a 
four-τ signature of this 
kind

• New method for boosted 
τμτh ID

• Run II

• Higher energies, new 
possibilities for BSM 
physics searches

• Exploring other methods 
for identifying boosted 
tau topologies (e.g., tau 
jet substructure)
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Backup
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Selection sequence
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trig. μ pT > 
25 GeV

trig. μ tight ID, 
isolation < 0.12

τμ pT > 5 
GeV

τμ soft ID

τX pT > 10 
GeV

τX DMF + 
medium iso

trigger μ 
matching

qτμqτX < 0

qtrigμqτμ > 0

CSV < 0.679

MT < 50 MT > 50

(gg fusion 
analysis)

(gg + Wh1 
analysis)

HLT_IsoMu
24_eta2p1

mμ+X > 4 mμ+X > 4 

dz(τX,PV) < 
0.2 cm

dz(τμ,PV) < 
0.5 cm

trig. μ ID

τμ ID

τhad ID

(b-veto)

(charge 
filters)

(trigger 
matching)

(compatibility 
with PV)

(MT 
binning)

(HLT)

jet with τμ removed 
seeds τhad
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Signal-to-background 
prediction, high MT
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