Searches for Rare Higgs Decays
and an Additional Higgs Singlet

Learning from the current measurements
Searches for rare Higgs decays
Searches for an additional Higgs singlet

Jianming Qian
University of Michigan

Unlocking the Higgs Portal, UMass Amherst, May 1-3, 2014



What Now?

Discovery has been made...

Nobel prize has been awarded

But many questions remain
Is the new boson solely responsible
for the electroweak symmetry breaking?
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What’s the nature of dark matter? Can
the new boson help to understand it?
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Two-pronged approaches
A precision program
measurements of Higgs properties
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m, (GoV) A search program

Use the newly discovered particle as
a tool to explore potential new physics
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Productions and Decays =—5c~
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Over 1,000,000 Higgs bosons “produced” at LHC in Run 1!
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H(125): Rates and Couplings

SM: Ao m (fermions)
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Rates and couplings are very Standard Model like
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H(125): Spin and CP

Higgs decay kinematics depends on its properties
of spin and parity. H— 3y, H—> ZZ" — 4/ and

H— WW — ¢v/v final states have been analyzed 3
to determine these properties.
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Higgs Boson Width

SM @ 125 GeV:T', 4.07 MeV < smaller than the experimental
resolutions of direct measurements

For measurements: @

hard to measure experimentally
though indirect measurements
can significantly improve the
precision

\
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/ For searches:
10_:/ : Even a small contribution to the
100 200 300 500 1000 width from potential new physics
M, [GeV] can lead to a sizable decay BR

Jianming Qian (University of Michigan) 6



Direct Width Measurement

The Higgs width can be in principle extracted from the m , or m,, distributions

9T0-€T-DIH-SVd-SIAD

with the signal lineshape

Breit-Wigner(m,T,, ) ® Gaussian(o)

Limited by detector mass resolution
and large background
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Indirect Width Measurement

2 2
Processi —>H — f: do ~ 9:9; Kauer & Passarino, arXiv:1206.4803

dm’ (mz—m,i)2+m,§l“i, Campbell & Ellis, arXiv:1311.3589

2 2
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Indirect Width Measurement

The key is to isolate off-shell Higgs signal from the continuum background,
such as qq/gg > WW, ZZ for the case of H > WW,ZZ

[ gg+VV — ZZ (SM)
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CMS has studied H — ZZ" — 4(,((vv with the combined observed (expected)
limit: T',, <17.4(35.3) MeV or 4.3(8.7)xI';" @ 95% CL
Or as a measurement ', =1.4">; MeV

However, there is the issue whether theory uncertainty is under control.
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Rate Decay: H> uu

2 CMS-PAS-HIG-13-007
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Rare Decay: H>Zy

BR(H—Zy)~0.15% @ 125 GeV
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Other Rare Decays

H— J/l//;/ decay has been proposed as a way to access Hcc coupling, but the
rate is very low: N(H —J/wy = uuy )~ N(H = Zy — uuy)/340
BRsu(H — J/Uy) = (2.46793%) x 107°,

BRsy(H — T(18) ) = (1.41770)) x 107°.

Bodwin, Petriello, Stoynev and Velasco, arXiv:1306.5770

Relative easy to search, but rate is too late even for high luminosity LHC or
even for any proposed lepton collider

There are other potential rare decays, but backgrounds are likely too large

to be feasible

V P mode B>M V P* mode BM
W=rt 0.6 x 107° Ww—pt 0.8 x 1077
WK+ 0.4 x 1076 7% 2.2 x 1076

7970 0.3 x 107° Z9p° 1.2 x 10°°
W-D7F 2.1x107° W-—D:t 3.5 x 107°
W=D 0.7 x 107° W=D** 1.2 x 107°

Zn. 1.4 x107° Z°J /1 2.2 x107°

Isidori, Manohar and Trott, arXiv:1305.0663
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Higgs Portal Models

Scalar DM coupled to the Higgs

[ale

Unlocking the Higgs Portal

Date: Thursday, May 1, 2014 - 9:00am to Saturday, May 3, 2014 - 5:00pm i N T T T T
Location: Lederle Graduate Research Tower (LGRT) 4198, UMass Amherst
(LERT) Vs =8 TeV

JLdt=19.5fb"!

-

Higgs portal interactions can address two open problems in cosmology: dark matter and the

baryon asymmetry. In anticipation of the 14 TeV phase of the LHC and the development of a

[ Vs =14 TeV
I [Ldt= 300 fb"!

| F

|
|It
I

I

future electron-positron collider, it is timely to delineate the most important scenarios, to identif

their LHC and lepton collider signatures, and to determine the extent to which collider searche:

may probe Higgs portal scenarios in the cosmologically relevant regions of parameter space.

LUX 2013

T T J=TTIT

The addition of a singlet scalar leads
to a rich phenomenology:

DM coupling to Higgs, A

/879 COVT-AIXJE "BILUNIIS '8 901pNID "SUOWIS 9p

a dark matter candidate and * - abundance

resulting h — invisible decays : :

Ll Thin | |

additional Higgs production processes  ° F '|

such as h—aa or X — hh o — 3
No & Ramsey-Musolf, arXiv:1310.6035 DM mass in GeV
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SM + Singlet

The simplest extension of the standard model Higgs sector is the
addition of a singlet S:

V(,5)=1’¢'$+miS —A(§'9) - pS* +x(¢'p)s"

depending on the couplings, the two states can mix ...

Scenario 1: h(125) is the heavier one
s is the lighter one. If m_<m, /2, then h — ss decay opens up.
If there is no mixing, s is stable = h — ss —invisible

Otherwise s — ff = similar final statesash—>aa— ff f f .

Scenario 2: h(125) is the lighter one

H is the heavier one. Assuming mixing, h and H have similar decay
mode = "SM-like" high mass searches such as H > WW, ZZ.
Ifm, <m, /2, the decay H — hh opens up = Higgs pair production.
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Coupling Modifications

The mixing between the singlet scalar and the "SM" Higgs boson

h) (cos@ sin@ \(H,,
H) (sin@ -cos@)\ S

leads to the universal modification of the couplings of the h(125) Higgs boson

to SM particles —~1-

Therefore the coupling measurements can help to constrain the model which are
described by 3 additional parameters:

cos@ (mixing angle), m,,, (mass of the other Higgs), BR(H — hh) or BR(h —> ss)

The productions and decays of the h(125) Higgs boson are therefore modified.
For the case of h(125) being the lighter one

o xXBR
o =x'xoc,", T,=’xI}", BR, =BR", ,u=( )SLZK'Z
’ (GxBR)h

here x* =cos’ 6.
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Coupling Parametrization

Parametrizing deviations from SM using scale parameters: (SM: K‘=1)

g. e
ghff _ L ’ ghVV - O : L all;}/;g\_ i g_ I/;_}jhl
2 ,\{{:}“J& / QI_I//ML/I
\/Em f 2 m\/ ,’!’\666\\)\ L Eff/‘l
Onir = | K7 | o Gy =Ky g” 7
ff f L L

2 2
Kg " Ky

For example: (o -BR)(gg —h— yy)=| o(gg = h)-BR(h—> yy)]SM X

assuming there is no new production processes.

K,f is the scale factor to the total Higgs decay width
Kp =Y K7 -BR(h— xx) oMb, 2 Zlcﬁ -BR;,, (h — xx)

o (h = xx)
1 BR,,

With BSM decays
" k= Y
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Constraints from Couplings

Higgs could have decays that are not accounted for in SM. The decays

do not have to be invisible. They could be decays not detectable at LHC.

— modified total Higgs decay width and therefore BRs of other decays,
effectively leave the total decay width free.

, O

2 2
K K
[, =T} x——"—, BR(h— xx)=BR,,,(h—>xx)x(1-BR ) —
1-BR K
new h
. o= S E N L B B I U I I >
A model allows for potential S YE ATLAS Preliminary b yv.zzwwcwbh, ] |
. . c 12 4 Zh I+ EP®e: .
new physics in vertex loops 5 o ‘S=7T""’}L‘“=4-6‘4-8f"’ —cts. —exp. iz
r: 10~ \s=8TeV, | Ldt=20.31b" . e ww* mbg: 3 |0
and additional decays S >, 22 W T b |
sk [y g BR ] obs. exp. a1z
6P I
K , K., BR S
y? "Tg? new A o = Ig
2 :'u.._. — 8
R . e A o
1 -08 06 -04 -02 O

Cfaa ST IS RRE B
02 04 06 08 1
BR,

BR . <0.41(0.55) @ 95% CL

new

(BR., <0.37 (0.39) combining with Z + £, search)

Significant room for potential exotic decays
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Constraints on the Heavy Higgs

12
o, =kx0oM, T,=——xI",  BR,=(1-BR,,)xBR
1-BR .,
here k"> =sin” @ =1—«”°. The signal strength parameter for the heavy Higgs is
(O'XBR) '
Hy = sli-\lﬂ:K2(1_BRnew):(1_1uh)(1_BRnew)
(GXBR)H

From ATLAS measured value g, =1.30")7. = x'* =—0.30",7. which leads

to an upper bound of ¥"* <0.12 @ 95% CL (restrict to physical region)

BF{H,new

R

ATLAS Preliminary
\s=7TeV: |Ldt = 4.6-4.8 fb"
\s =8 TeV: |Ldt = 20.3 fo!

EW singlet
Obs. 95% CL
= === Exp.95% CL

Combined h — y7,2Z* WW*ztbp = — SM
>
| S W ; © 1
?l ! <3 S | 3 ;S 5
L Il T 1 L 1 1
0 0.2 0.4 0.6 0.8

ATLAS Preliminary
\s=7TeV: |Ldt = 4.6-4.8 fb"
\s =8 TeV: |Ldt = 20.3 fo!

EW singlet
Obs. 95% CL
= === Exp.95% CL

independent of the mass of the heavy Higgs boson m,,.
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Searches for H>WW and Z2Z

arXiv: 1312.1129 (CMS)

cMS 49" (7 TeV) + 19.4 b (8 TeV)
The heavy Higgs can also be searched b% o e ]
directly from its decay to WW and 77 G107 o Mecianexpected Gy 150t Qe e rackaround
g E Expected + 1o ]
H—>WW —(viv, {vqq Eol 7 )
H—>ZZ—>4/¢, tlvy, (lgq 8
O\O 14\“5
Q) E\>
(@)] C O\
CMS preliminary, [ L=5.0fb"' at ¥s=7 TeV, [ L=19.6fb" at Vs=8 TeV -
L 10 T T T T r T T T - T T -
= E | | | | 10-1 2 —
q_j' B 110 200 300 400 500 600
S| | ﬁw\ / Higgs boson mass [GeV]
~ = - !
v C Y ] . .
O [ . Such a Higgs boson with SM
UII) - . couplings is excluded with its
=~ 1  massupto ~1TeV.Butthe
§ 0 E couplings in the singlet model
@) C ]

T T T Ty are significantly reduced!

Hiygs bosen mass [Gel]
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2HDM + Singlet

The 2 Higgs doublet model (2HDM) can also be extended by including a singlet.
For a large parameter space, h — aa decay can lead to interesting signatures.

tan =5. TYPE II Final states depending on how a decays.
Dominant/interesting decay modes are:

Low mass: a — ee, 1
"lepton-jets" analysis
h—aa—4u

0.1¢

:T; ool Medium mass (3.5-10 GeV): a > 77
i h— aa — 4z hard!
0.001} E h— aa —2u27t doable
____“'] — h—aa—4u
14— A\ S - m - High mass (>10 GeV): a — bb
Ma [GeV] h—aa— 4b hard !
Curtin et al., arXiv:1312.4992 h — aa — bbrr/bbuyu hopeful ?

See yesterday’s presentation by Alexei Safonov

Jianming Qian (University of Michigan) 20


http://arxiv.org/abs/1312.4992

Search for a-»> uu

CMS arXiv:1206.6326
(7 TeV results)

Trigger: two muons with p. > 3.5 GeV
Offline: two muons with p,. >5.5 GeV

MSSM pseudoscalar A is used to
model the signal using PYTHIA

. =
Searching for narrow g resonance aways ' | — opserved CMS preliminary s = 7 Tev
. + _ -1
from the known quarkonium resonances.ik 12 [ | W Expecied o b =13 fb
" 10
~ I
%25000 - CMS preliminary _ ‘%- 8
3 i Barrel Ns=7TeV ] :E A
= - L, =13fb" E
"%20000~ - T2
5 - ® Data E u}
> L —— Total fit =
LTJ - == == Cont. background
15000 ~ o ::;:; _
| Y(3S)
[ Warning:
10000 —
: ] For small values of m, (<~ 2p, ), only highly
5000 . boosted signal events are selected. Can we
B i really trust PYTHIA to model the p, of the
¢ 7 8 112 13 14 Higgs boson?
M, [GeV]
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Higgs Pair Production

Higgs pair productions, both non-resonant and resonant, will be
one of the major research areas in the upcoming LHC runs. It is an
important final state for both SM physics and BSM phenomena.

Non-resonant production
offers a direct way to measure the Higgs
potential, vital in validating the SM and
even our existence

Resonant production
Expected from many extensions of the SM:
2 Higgs doublet models (2HDM);
SM or 2HDM + singlet;
Extra dimensions, ...
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Search for X->hh->bbyy

Clear Signature with two photons and CMS Preliminary Simulation s =8 TeV

CMS-PAS-HIG-13-031

two b-tagged jets and resonances in 3 % 07 X  HH — yybb Sigraishapes
— . ceeeee M= e
mass dlstrlbutlons:mw, m;,, m_. g rd - mizggggx
2 - ——-—. M, = 1000 GeV
. . o 05— andard model Hi
A constant width of 1 GeVis assumed § F S andard meseLHie
- ‘5 04 -
for the resonances that are simulated g = i |
using MadGraphb. 8
- 0.2 : :
CMS Preliminary Simulation Vs =8 TeV C T
\O~ 5O:|*I_)II_I”_I|I_;.}:..YIb'I5 """" III|IIII|IIII|IIII|IIII|E 0.1:_ E :
< 45F = H?g:+me:?um zur?g-Il:lcfn.l-.'r.lmass-ffi_'ctmTT ] - ' i i,
r _m— High+Medium Purity - High mass - fi m_. ] _ = T L
<_>)“ 40:_ ~-o-- High Purity - Low mass - fitm__ ' 3 0 400 600 85{] 100J_0 1250
% - - High Purity - High mass - fitm __ ] m‘:'IEL (GeV)
2 350 — T, S
o 20F " E Optimized for two mass regions:
30 ]
S 25k /'/. E Low mass: 260 <m, <400 GeV
(@) : ] .
2 20- = High mass: 400 <m, <1100 GeV
% 155" o - =
5100 o E Jet merging led to efficiency loss
e = for m, above ~ 800 GeV.
OzllllllllllII|IIII|IIII|IIII|IIII|IIII|IIII|:

300 400 500 600 700 800 90010001100
m, (GeV)
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Search for X->hh->bbyy

G(pp — X) x BR(X — HH — yybb) (fb)

Two signal categories:
medium purity (1 b-tagged jet)
high purity (2 b-tagged jets)

Fit either the m , (low mass)orm_,

(high mass) distribution to extract
the X — hh signal

102

10

10"

102

CMS Preliminary L=19.7 fby’ Vs=8TeV
C WED: kl = 35, kiMpl = 0.1, elementary top, no r/H mixing
B — radion (A, = 3 TeV) ---&--- Observed 95% upper limit
= radion (Ag =1 TeV) wammnn Expected 95% upper limit
=== R81 KK-graviton Expected limit + 15
=« Bulk KK-graviton Expected limit+ 2 ¢

¥ 1 Vay Sa.
TR S T T T N o PO AT T T N T AT AN

300 400 500 600 700 800 900 1000 1100
my (GeV)

Events / ( 10 GeV )

CMS Preliminary L=19.7fb" {s=8TeV
9_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
ab X - HH — yybb —$-Data E

— Fit .
7__Medlum purity Fit+ 20 E g

- Fitt1o 1w

L ] (In
i El:
st b 5 0

LI I
3 4 9

Y
2 =4
1 | N N Y] —f
O|||||||| ||:TTF||T"I""— i L L .
400 500 600 700 800 900 1000 1100 1200
Kin
mi (GeV)

Compare to benchmark radion
and KK-graviton models

More a proof of principle for now,
is getting interesting...
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Search for X — hh 94b ATLAS-CONF-2014-005

RS graviton with m, =500-1500 GeV and x/M,, =1.0 as the signal model

Trigger: a combination of high E, jet triggers w/o b-tagging at HLT,
>99% efficient for G* - hh — 4b stuided.

w L L B L L ]
Offline: two pairs of b-jets with p{- > 40 GeV o 0.14:— ATLAS Simulation Preliminary f ;zi-jt;gged jets ]
.. 0.12— v tfveto ]
and p; >200 GeV, m; consistent with the - & SignalRegion (HH) 2
01— —]
mass of the Higgs boson. soar E
300 o.oef— —f
= L L L L B L L B o C .
E - ATLAS Preliminary _ :ISOO% 0.04F- =
;6 250__ \s=8TeV:_[ Ldt=19.5fo" 7 (3 0_02} {
aéé' E I E _2503 0: A T R E R B
B ] c 600 800 1000 1200 1400
200 - 200 0 mg. [GeV]
- 4 L
150 M. Efficiency loss at high mass due to
i i jet merging.
100F - 1.4100
- T z° kinematic fitting to reduce 27, ZH
50 -
B 0 and top backgrounds
1S =0

co b b b b b

0 50 100 150 200 250 300
lead

méeiiet‘et [GeV] Jianming Qian (University of Michigan) 25


https://cds.cern.ch/record/1666518

Search for X=>hh->4b

> 25 L I B B AL BN BN AL B AL B
Q . "
. . O N Signal Region —e— Data .
Type | Signal Region 2 B Multiet -
20(— i —
—_ - - t .
2 °C el e G* (m=700 GeV) ]
Multijet 109 £ 5 L%' 15 — G"(m=1000GeV)x 10 7
1 10+6 = ATLAS Preliminary ]
Z+jets 0.7 +0.2 10— \s=8TeV: | Ldt=19.5f"
]
5 —
Total Bkgd 120 + 8 o e
0 3 = T T T 3
2 25f — Bkgd Systematics 3
E 2E- _+_ - g 'k 3
15
Data 114 g B e PEMSWE It ¥
O s + -+- "'"'
400 600 800 7000 1200 1400 1600 1800 __ 2000
my, [GeV]
G* (mg» = 500 GeV) 125+ 04
T T 'I T T T '| T T T I T T T '[ T T T I T T
G* (mg- =700 GeV) 125 +0.2 T Expected Limit (95% CL) 7
I Expectedt 1o i
Expected + 26

m— Observed Limit (95% CL)

RS Graviton, k/M,, ., = 1.0

10?
Background dominated by multijets
and estimated using data sidebands.

T ll[illll
| IIIIIII|

10

Sensitivity degrades at high mass
due to jet merging and systematics.

T T IIIIHI
| IlIIIlIl

ATLAS Preliminary

o(pp — G*) x BR(G* — HH — bbbb) [fb]

\s=8 TeV:I Ldt=19.51b"

1 I 1 1 1 | 1 1 1 I 1 1 | 1 1 1 I 1
600 800 1000 1200 1400
Mg, [GeV]

Jianming Qian (University of Michigan) 26



Looking Ahead...

2009
2010

2012

2013
LS1
2014

2015
2016
2017

2018 LS2

2019
2020
2021

2022 LS3

2023
20307

LHC startup, Vs 900 GeV

Vs=7+8 TeV, L~6x10¥cm?s", bunch spacing 50ns Run 1
~25 fb!
Go to design energy, nominal luminosity - Phase 0
Vs=13~14 TeV, L~1x10¥cm?s", bunch spacing 25ns
| ~75-100 fb™
Injector + LHC Phase | upgrade to ultimate design luminosity
Vs=14 TeV, L~2x10¥*em?s”, bunch spacing 25ns
~350 fb

HL-LHC Phase Il upgrade: Interaction Region, crab cavities?

Vs=14 TeV, L~5x10%cm?s”, luminosity levelling

Run 2 is expected to run at 13 TeV =
significant increase in Higgs cross sections

Higgs production cross section (pb)

Vs geF VBF VH tHH

8 TeV 10.3 1.58 1.12 0.129
13 TeV  43.9 3.75 2.25 0.512
013/08 2.28 2.38 2.01 3.96

A long physics program ahead,
time to think about and plan for
the future:

- better understand physics potentials,
- ensure key searches are performed,

—
o
[#3)

o = e
£ B :
< T ]

I
2L i
7 10 - ;
Q- L —
S T ,
D i - ]
10= o P -
= CYL PRt . 3
E a\v\\‘f‘?ee/ R RO aC .
B p@j,?«“‘ WO o)™ s o -

. \N\'\k‘\_‘" . .

15 w7 Lt -
SRR M= 125 GeV 1
- e MSTW2008
10-1 ?I‘"\Q‘))'\ | 1 1 | 1 | 1 1 1 E
8 910 20 30 40 5060 107
\s [TeVl
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Coupling Projections

Many studies done for US Snowmass process, Europe ECFA studies.

CMS Projection
ATLAS Simulation Preliminary — T T T T T T T T T T T T T T

's =14 TeV: [Ldt=300 o' ; [Ldt=3000 fo" Ef;:sﬁtfsuf:“;ﬁﬁg;z e
H—pp  (comb.) r Ky
H—tt (VBF-like) g t 300 fb?!
i Ky !

Ho ZZ (comb) g’ .

i ] K.
H—>WW(°°"‘D-)E =000 005 040 045

8 expected uncertainty
H—2Zy  (incl) - (Extrapolated from 2011/2012 results)
Hoyy  (comb) E o Two assumptions on systematics:

. ‘0‘2‘ ' ‘0*4' 1. no change
Aw/p 2. A(theory)/z, rest oc 1/\/Lumi

(Based on parametric simulation)

Even with the projected precisions at HL-LHC, BR__ is not expected to be
constrained better than ~5—10% from the coupling measurements.
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Rare Decay Prospects

H — 111 : Projections from both ATLAS and CMS indicate a 50 observation
with ~1000 fb™ at 14 TeV.

S Y CMS Preliminary Standard Model H —»up
©10"°F ATLAS Simulation Preliminary 4 g ST T
) 3 = 2 [ Vs = 14TeV ]
To) 109‘ vs =14 TeV . S i ]
. E = b
e = | Ldt=3000 fb" WH -, m=125GeV 3 hg) 5S¢ B
2 10°F Bz T o | ]
o g L LG 1 3 4r .
Lﬁ 10’ = WW— vy = S : i
1 2 i
10° E R E
5 . - )
10 2 E
10* - ]
1 —
10° :
2 I I I I O_ 1 1 1 Ii | 1 1 | 1 1 I 1 i
10 1 L L 1 1 L 1 1 1 1 L 1 1 L 1 O 500 1000 1500
80 100 120 140 160 180 200

m,, [GeV] Integrated Luminosity [fb]

H— Zy: ~4c per experiment significance is expected with 3000 fb™
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Higgs Self-Coupling

h t, b h.’ o
t,b t.b
h.H h %hﬂ.‘ o
2
o(pp — hh)@ld TeV  40.2 fb (NNLO) \V (¢) = 12 (¢T¢) n ,1(¢T¢)
e : —1
Events in 3000 b Small cross section and the destructive
hh — bbyy 320 interference between self- and non-self-
hh — bbrT 8,800 lin di
hh — bBWW 29,900 coupling diagrams.
] 40 T . T . T
hh — bbbb 40,200 | o(pp — HH + X) /oM g
. T S=8 TeV, My = 125 GeV =
bbyy appears to have the best sensitivity, ol % °
gz — HH —
bbzz should help too, bbWW and bbbb have 2. - aq’ - HHqq' oL
higher rates, but also large backgrounds. 0p e =
15 -
A o} 5
Expect to achieve — ~ 30% . o
A | _ e I
Vs 3 T 0 1 3 5o

(two experiments at HL-LHC)

AuEH/ A
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Summary

We have so far had a successful Higgs program focused on the
search and discovery of a Standard Model like Higgs boson.

With the discovery, the physics landscape has changed and more
effort has been directed towards searches for BSM phenomena.

Some results from the searches so far, but expect many more
from the analyses of 7/8 TeV data this year.
As an experimenter, | think we need to do a better job

The upcoming LHC runs may well offer us a glimpse of new physics
beyond the current paradigm.
we need to have some ideas on what to look, but equally important
prepare for surprises.

As an experimentalist, what I’d like to get out of this workshop is a list
of well motivated final states and their likely physics impact.
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Search for a-»> uu

7
R mpmso 3
T 106 L _:
A 5
f=Ti}
K. [ ]
b 105 — tang=10 —
/—;N
4 | —
- Vs=7 TeV tang=1 ]
103 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
2.5 5.0 7.5 10.0 12.5 15.0
m, [GeV]
> F oM brefimi i
L25000— preliminary ]
S . Barrel Ns=7TeV ]
S . L, =131fb" i
:@20000_— 7
: ~ ® Data -
g r = Total fit —
ﬁﬂ ~ = === Cont. background -
15000 -1 ¥(1S) _
L - Y(25) i
- Y(3S) _
10000~ .
5000~ s
O_I 0 i s i | T'r'|'1’T“]";‘°1‘| i il e e Bl o .T-r_
6 7 8 9 10 11 12 13 14
M,, [GeV]

Upper limit on g(pp— a — pp) [pb]

CMS arXiv:1206.6326

1
_5--<
L

a can be singularly produced in gg fusion
with a relative large cross section, can be
searched in a — uu decay.

Searching for narrow i resonance away
from the known quarkonium resonances.

Only 7 TeV results from CMS are public

available so far

14 —
- | —— Observed CMS preliminary,\'s = 7 TeV 3

12 |- |#98 Expected+ 1o Lyy=1.31b" —
- | - Expected + 2o -

10 |— —
8 = —

4
2
D----I....I....I....I....I.--I-
5.5 53 6.5 T 7.5 &8 8.5
M,, [GeV]
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Search for h>aa->4u, 2u2t

Public result from CMS on h — aa — 4 u, clean signature but relative low
rate = presentation by Alexei Safonov

h — aa — putr should significantly improve the search sensitivity as DO
has done. LHC should be able to explore interesting parameter space.

84/l D@ 421 _.(b) S gi-

:cg gl . =4 GeV ’% 8

= / —e— Observed fimit 7

m 6 = Expected limit o 6F

X 5 ---------Theo:ry ------- X g

£, £

lé D Ig- 4;

E S3
%|I||| 1;5 ::h—lOO'"G'e'V'""(a)
0 100 120 140 160 180 200 S8 SRS P P S PSS S S

M, (GeV) 04776 8 10 12 14 16 18

M, (GeV)
arXiv:0905.3381 (DO)
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Search for h>aa->4y

ATLAS-CONF-2012-079

An old analysis, partly motivated by the excess in h — yy.

The pseudoscalar a from h — aa decay will be highly boosted if a is very
light (m_, <~1 GeV). The two photons from a — yy decay will be collimated,
contributing effectively to the h — yy signal.

Search for two "photon-like" objects with E. > 40,25 GeV. Upper cross
section limits are set for 100 <m_, <400 MeV.

> 2000_ T T T T [ T T T T I T T T T | T T T T [ T T '| a
(D : Data 2011 {\S: 7 TEV) J-L dl=4 9 fb“ : S‘ :l T | T T ] T [ LI | LU | LILEL ] T T 1T I L | LI I | | T |:
O 1800 —+ 3 @ osF =
:; E ——— Background Model (z*/n,,=60.2/60) E = - 100 MeV ]
‘g 1 600 :_ ______ Signal (MH=125 GeV, MAD=1OO MeV) _: i 0.7 :— ATLAS F’re“n’"nar}"I ':r-lf -T- ObS:WEd Limit _:
Lﬁ 1400 :— .. === Signal (M =125GeV, M, =200 MeV) _: l 0.6 f_ ______ Expected Limit —f
- :". win: Signal (M =125 GeV, M, =400 MeV) ] 2 = B +10 =
1200, P ' 91 2 osp [J+20 =
1000f { i ATLAS Prelminay o 2 _F 3
s 4 1 E E 3
8001 ’ B E_"; 0.3F- —
600} 4 8 o2 =
400} = - .
C 0.1 N
200 - B
L 1 1 | 1 1 L L I L L L L | L 1 1 L | 1 L 1 L | L L 1 L 0 _l L1 I 1111 J L1 l L1 11 I 111 I 1111 J L1 l 11 11 I 1111 I 11 l_

100 110 120 130 140 150 160 110 115 120 125 130 135 140 145 150

[GeV]
m,, [GeV] ™

Jianming Qian (University of Michigan) 35


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-079/

Searches at BABAR

Events per 0.2 GeV/c? bin

Hadronic decays such as a = cc, gg (dominant below 2m_) are not feasible

at hadron colliders, but can be searched in Y(nS) — ay decays at B-factories.

The radiative Y — ay decay is

predicted to have a BR up to 10"

Full reconstruction of a decays
in exclusive final states.

No sign of a !
Eun T T T T T T I T T T | T I
i —+— gg data -
500 _
i —+— ss data _
400 gg scaled + -
i +‘H"+++ continuum data  t 4 4
300 — ++ | sS scaled + -
B + t44 L continuum data 4 4
200 s +++ |
— * ot H—* + + '+‘++++ |
b L + " +m+*:**++*!*’* !@ H i
0

0 2 4 6 8
A’ candidate mass (GeV/c?)

10

90% C.L. upper limits
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2 92 1T 9

|T|T1 IIII|'|'|'|—|—|-|'|'|'|T1 IIII|T|'|—|—|-|'|'|'|'|'1 IIIII|'|'|—|_|-|'|'|'|'|'|'|—|_|_|'-|“'1 TTI

107

Illllﬂ] IIIII[I] IIIII[I] IIIIHI] IIIII[I]—|_|T

.Illi IIIIlllI IIIIllli IIIIIlIJ L1

B(Y(1S) — v A”) x B(A®° - gg)

—— Expected average —— Observed limits
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- Expected (68%) - statistical errors only
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