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Discovery of a new particle at 125 GeV
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Two ways to test:

P AN

Es it only the SM Higgs boson?}

Measure the properties Search for additional particles
of the new patrticle. (e.g. Higgs bosons).
Search for deviations from If a new particle will be discovered
the SM predictions. the SM is excluded, since it does
not predict any more particles.
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® Among many theories beyond the Standard Model ﬂ(IT
SUSY is a favored one

® Focus on results which can be interpreted in the MSSM
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[ First time shown in conference ]
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H - 1t : Cross section limits
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@ Calculate 6*BR limit on one process while the other is left floating freely

W Expected limit is computed with a pseudo dataset including the SM Higgs boson at
125 GeV next to the nominal SM backgrounds



6(bb¢)B(0—11) [pb]

H - tt: comparison with models
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W Search for single narrow resonance

@ Likelihood scan of gg® — bb® — m, space projected to gg® — bbd plane
® m, from 90-1000 GeV scanned

W Possibility to compare observation to model predictions



Higgs Bosons in the MSSM AT

Karlsruhe Institute of Technology

® 2 Higgs doublets in MSSM ® On tree level Higgs masses
@ 8 degrees of freedom defined by m, and tanf
@ - 3 Gauge-Bosons W', W', Z ®m m, —mass of pseudoscalar A

W - 5 Higgs-Bosons

. W tanp - ratio of the vacuum
W h A H H,H

expectation values of the
Higgs doublets

CMS Preliminary s = 7Tev L<5.1 o -fs 8TeV,L<19.6fb" . Coupllngs to down_type quarks
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http://cdsweb.cern.ch/record/1542387?ln=en

Model dependent interpretations:
Old vs New statistical approaches -\\J(IT
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( New Appoach:

@ Take into account the discovered Higgs boson at 125 GeV

e Hypothesis test of MSSM vs SM — (h+H+A + BG) vs (h_,, + BG)

J




Limits on MSSM benchmarks
AT
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Move to new scenarios

200 ' . > with mh = 125 GeV.
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. W 6 new MSSM benchmark scenarios:
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http://arxiv.org/abs/hep-ph/0503173
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Invisible Higgs decays

B Direct search for invisible decaying Higgs boson

B o of SM Higgs boson assumed
@ Combination of ZH and VBF

11

Events /GeV
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Invisible Higgs

@ o of SM Higgs boson assumed
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Dark Matter interpretation
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Multi Higgs events X - h_ h_ - bbyy L _\&(IT
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SM SM

® Higgs decaying into lighter Higgs
bosons enhanced for low tanf}

® In 2HDM (e.g. MSSM) or higher order
Higgs models

@ Model independent limits set, tested against
Warped Extra Dimension predictions

CMS Preliminary L =19.7 fb' s =8 TeV
C WED: kil = 35, k/Mpl = 0.1, elementary top, no r/H mixing
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HIG-13-035 r \

= A kinematic fit to fully reconstruct tt

Charged Higgs search H*->cs events from the final states

= Resulting in an improved mass resolution
of the hadronically decaying boson.
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Summary

W After the discovery of a new Higgs-like particle:
A lot of activity BSM Higgs boson searches in CMS.

@ Broad range of possible production and decay processes covered.

| am hiding! I

(4 A

® If something new hides out there
and is within range of sensitivity
—» we will find it.
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CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS ﬂ(l I
Overall diameter :15.0 m Pixel (100x150 ym) ~16m* ~66M channels

Overalllength ~ :28.7m Microstrips (80x180 pm) ~200m?* ~9.6M channels Karlsruhe Institute of Technology
Magneticfield :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Compact Muon Solenoid

AT
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Key:
Muon

I Dlameter 150 m
@ Length: 28.7 m

Transverse slice
through CMS

Electron

Charged Hadron (e.g. Pion)

— — = - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

\

& Electromagnetic
i l] i

Calorimeter

Hadron
Calorimeter

Superconducting
Selencid

Iran return yoke interspersed
with Muon chambers

Magnet field: 3.8 T (outside calorimeter)

Tracker: Si (8 p / p=0.5% fora
10 GeV track)

ECAL: PbWO, (0E/E=1% for a
30 GeV ely, X, = 28)

HCAL: Sampling (brass scintillator,
SE/E=10% fora 100 GeV =%, A, = 10)

i i
D Bearnay, CERN, Fabricsmy 2004



SKIAT

Open questions

® Many unanswered questions:
= The hierarchy problem
= Gravity is not included
= Neutrino masses are not included
= Anomalous magnetic moment of the muon
= Dark matter is not included
= Dark energy is not included

i

® The SM is not the ultimate theory.

WORMAL

4% marren

YOUR PROBLEM IS THAT YOU I
DON'T SEE THE BIG PICTURE.
(4 4 0

rotational ueidcitu
[km/s)

20 50000 j 100000
s distance from center [light years] /
- & SM
3 K . flou
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BSM Higgs Searches in CMS

Higgs

Exotica

Higgs

AL
i,

SUSY

A
\/

Exotica

Beyond

2

Generations

YA
v

SKIAT

Karlsruhe Institute of Technology

Single Higgs
events
H- tt*
highmass H - yy*

Exotic Higgs

H — invisible
LFVH - ut*

Multi Higgs
events
X - HH - bbyy*

Charged Higgs

H* —cs*

H in SUSY
decay chains

H decaying into
new particles

New heavy particles
decaying to H

? *Results presented in this talk

CMS tests broad

range of possible
BSM Higgs scenarios




Event selection (H - 17) '-\\J(IT

® Two well reconstructed, isolated leptons of opposite sign:

channel P,

ey > 20 GeV (e/n)
et > 24 GeV (e)
UL > 20 GeV (n)
Vi > 20 GeV (n)
TT > 45 GeV (1)

ml Py ml
< 2.3 (e/w) > 10 GeV (u/e) < 2.3 (We)
<21 (e) > 20 GeV (1) <2.1 (7)
<2.1(n > 10 GeV (n) <2.1(w
<2.1(n > 20 GeV (1) <23 (1)
<2.1 (1) > 45 GeV (1) <2.1 (1)

meuwD =P —1.85P.s>-20 GeV m et ut M_<30 GeV

Genuine 1t event Wijets or tt event

p]_miss( fz) pT\'is(tl)
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Pr™(Tee)

Py ® uu: Special BDT trained for

rejection of Z/y* - uu events

pr(w)



Reconstruction of Di-t System _\g(IT
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® Determine invariant mass of di-t system with maximum likelihood
method

@ Estimate of di-t system, to be true
for given value of m_

/0,
X i

Phasespace of ~ Expected E_

Inputs: four-vector information of
visible leptons, x- and y-

T-decays Resolution :
component of JET on event basis.
... Separation of Z—tt & H— 1 m Free Parameters: ¢, 0", m
® o [z per t (4-6 parameters)
D.12:— — H >1:1:{mH:125 GeV) ] .
: @ Full integration of kernel to

o1 determine maximum for given m_

0.08—

0.06|—

®m Scanofm_fromm_up to 2TeV

W 10-20% resolution of the
reconstructed m_ mass depending

0.04—

0.021

% 100 150 200 20

m.. [GeV] on decay mode
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Discrimination of signal from backgrounds

(H-11)

ZIy* -

* Embedding: in
Z - uy, replace p by
sim. T decay

* Normalized to
Z - pp events

ttbar:

* Shape from
simulation

* Normalization from

sideband

QCD:

* Normalization and
shape from SS/OS
or fake-rate

23

SKIAT
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CMS hHA 51t 19.7 fb' (8 TeV) + 4.9 fb (7 TeV)

dN/dm__ [1/GeV]
3

1
------- h,HA—1t
—&— Observed

C—Z-tt
C1Z— ee
[ Electroweak

— T

] Bkg. uncertainty

MSSM m|_  scenario
m, =160 GeV, tani=8

Preliminary

||||,||‘ |||||i |||||i ||||,|i L1l

10
1072 _
1073
0 500 1000 1500
m_. [GeV]

Di-boson/W+jets:

* Shape from simulation

* Normalization from
sideband (w-jets) or from
MC (Di-bosons)

Zly* - ee (pp):
* From data (uu—channel) or
simulation (all other channels)
* Corrected for jet—T,
e/u— 1 fake-rate




MSSM Benchmark Scenarios

scenario

Mass

Proposed by Carena et al.,
Eur.Phys.J.C73, 2552 (2013)

Higgs sector phenomenology

light-stop

light-stau

tauphobic

low-my

24

(GeV)

M _~135
h

M _~125
h

M ~ 125
h

M ~ 125
h

M ~ 125
h

M ~ 125
h

M ~125
H

stop mixing parameter: X, = 2 TeV

mhmax except X = 1.5 TeV compatible w. (g-2)u

mhmax except X =-1.9 TeV compatible w. B(b - sY)

M___ ~340 GeV & suppressed decay mode t—t+y0

stop,

reduced ggH rate
M ~245 GeV >

Stau

enhanced H - yy rate

Light Higgs boson h has Reduced coupling to down-type
fermions

M, = 110 GeV
Variation in tanf—pn (Higgsino mass parameter)



Invisible Higgs

@ o of SM Higgs boson assumed
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95% CL limits

Observed limit
....... Expected limit

-
)

QO
=
w

ombination of VBF and
H, H— invisible

s=8TeV (VBF + ZH)
18.9-19.7 b

s=7TeV (Z(I)H only)
49fp"

>
N

%I

-
~

ox B(H— inv)/csm
—
1]
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—
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—
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Expected limit (10)
Expected limit (20)

—

0.8
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0.4
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_l 1 1 1 |
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Excluded on 95% CL:

(expected < 0.44)

\_

m,, [GeV]

BR(H - inv.) < 0.58 at 125 GeV
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Dark Matter interpretation

= Upper limits on the spin-independent DM-
nucleon cross section in Higgs-portal models.

= Limits are shown separately for scalar, vector

and fermion DM.

-1
| | 1 O _:_ N T T T | T T T T T 1T | T T 1 1115
0 N/ Combination of VBF and 3
2 102 l% ZH, H—> invisible Cms
> Y /// \s=8.0 TeV, L = 18.9-19.7 fb" (VBF+ZH) 3
0 x 10 \ \ Is=7.0TeV, L =491 (ZH) Bt~ inv) <0.51 @90% CL 3
o) 4 //// my, =125 GeV |
.5 k A ‘g‘ .
S 10°F 1N,

0 6 e, ,
o 10%F )\ N ]
B\ N\ .
7)) 10 ) E
) 8 \ \ K i =
&) 10 \\\-\ """ 47 = F
S 1 0'9 ——rr ',..’:’—::"“ "’% CRESST 1o -
=gttt Pl A CRESST 2 E
S 10 fermion PR cte — - XENON100(2012) 5
B - XENON10(2011) =
9 - T , ] DAMA/LIBRA 3
0 10 "NL,.»~ -2+ " vector === Min [ CoGeNT(013)50%CL
3 <G — [aftice [0 CoGeNT(2013)/89%CL 3
- qo %" ) COMS(2013)95%CL
= 10 === Max COUPP(2012) =
E 3 | | — - LUX(90%CL) 3

0 10 3

" | %2M Mass M, [G \}'O
dSS e
. X [ _J




Lepton Flavour Violating H - ut

(Considered
signals

A%

e

7
- CMS preliminary 19.7 b, \s =8 TeV
8 Data,me
o HT ] Bckg Uncenrtainty
— 50 e SM Higgs
~ [ Z+zt (embedded)
w 0 Jets B Z+I'T (nott,z,)
% [ Single top quark
> [ ti+Jets
m 40 = W/ Wy*

I vv
[ Fake leptons
—— LFV Higgs (Br=0.9%)

IIIIIIII|IIII|IIII|IIII

Slight excess
seen in some

-

HIG-14-005

SKIAT
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® Assume SM o for production
processes and m = 125 GeV

W Set limits on flavor violating BR

7

u

categories

ut o 0 Jets

2.35% (exp.)
2.94% (obs.)

[Tk 1 Jet

had’
2.10% (exp.)
2.11% (obs.)

T |, 2 Jets
ad

h

1.95% (exp.)
3.29% (obs.)

ut,, O Jets
1.32% (exp.)
2.04% (obs.)

uc,, 1 Jet

1.66% (exp.)
2.38% (obs.)

uc,, 2 Jets |

3.77% (exp.)
3.84% (obs.)

CMS preliminary

19.7 fb™", Vs = 8 TeV
T T T I T T T T T T

LB B B B | T
X ®

I
® Observed

X Expected

|:| Expected + 1c
D Expected + 26 ]

h—ut
0.75% (exp.)
1.57% (obs.)

0] 2 4

6 8 10

95% CL Limit on Br(h—ut), % )




HIG-14-005

Lepton Flavour Violating H - pt ﬂ("'

Karlsruhe Institute of Technol

W Set limits on flavor violating Yukawa coupling

New Limits:

BR(h - ut) <1.57 %
Improvement of factor ~ 10

VIV 2+ (Y2 < 3.6 x 1070

Improvement of factor ~ v(10)
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High mass search h - yy

19.7 fb”' (8 TeV)
T T ‘ T H

c. ; \CMIS T | T T ‘ T T . E
S | reiminay Same analysis -
2] .
€ 10° strategy asin A
i SM paper ]
10° E
L } N
B Category 2 .
105 40w BKG fit HT
- —— Fit Model ]
r Fit chi square/dof = 0.717 ]
1}  Chisquare Prob = 0.949 =
E 1 ‘ 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 ‘ 1 1
300 400 500 600
m, ., [GeV]
19.7 b (8 TeV)
%“ _I T T 1T L T 1T T 1T | L ‘ LI | T I_
vg B EE:MM All Categories Combined| T
= 107 = —— Observed BE
= - .
T ) Expected & 1o ]
r e e Expected + 2¢ -
L
5 107 LY, %
1 0‘3 A\ f\
- A~
1 0“4 1| L1 1 1 L1 1 | L1 1 1 | | | I 11 1 1 1
200 300 400 500 600 700 800

m, [GeV]

HIG-14-006

SKIAT

Karlsruhe Institute of Technology

=Limit on 6*BR
over width

“+Two masses
tested

+ggP opin O
resonance
assumed

=Limit on 6*BR

-+ggd spin 2
resonance
assumed

6 x BR(X—v7),, ., (Pb)
S
[y

—
o
&

=
IS

—
<

=

o xBR(X—=7vY), . (PD)

—
<
3]

—_
<
w

10

19.7 6" (8 TeV)

CMS

Preliminary

All Categories Combined
Width: 0.1 [GeV]

—— Observed

Expected * 1o

Expected + 2o

b

N

i

200 300 400 500 600 700 800
m, [GeV]
_I T T 1T L T 1T T 1T | L ‘ LI | T I_
| CMs AllCategories Combined| |
Preliminary Width: 10% of m, [GeV]

Noay

—— Qbserved

Expected + 1o

Expected + 26

/
J

NS

200 300 400

500
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AT

- -
) ]
H y v | ] 2 D I I m Its Karlsruhe Institute of Technology

CMS Prelimmary 19. 7 fb (8 'll'eV) CMS Prelimrnary 19. 7 fb (8 TeV)
— - I — —_ r— o ! | I
% 80 :— AII Categories Combined - EXpected —: @ % 80 :— All Categories Combined - ObserVEd —
..('2 C UL = 0.002 [pb] = d Q)] F  —— UL=0.002[pb] 3]
< 70 :— — - UL=0.003 [pb] —: 2 E '-?< 70 :— — - UL=0.003 [pb] —:
~ E _____ UL = 0.004 [pb] E - 10 E ~ Co UL = 0.004 [pb] E = 1 0_2
60 - UL = 0.010 [pb] } —|== T 60 :— ----- UL = 0.010 [pb] == E
E — UL=-0.020[pb] £ i x - —  UL=0.020pb] w 1 -
S0F B 41 5 50F = ]
C i = % C =
401 =/ 4 1403 © - &
of - 1510 40 =
30F &/ = 30F =
- == : - .
20 =/ = 20 =
.r'// - o E
10 - 10 = ks
7 . | | L | = TN, . . ‘/h fml 1 L | T
200 400 600 800 200 400 600 800

my [GeV] my [GeV]

® H-yy: considers gg® and spin 0 resonance
® In 2D limits limit on 6*BR is plotted over width and mass
® (UL = Upper Limit)
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Higgs production in T — tH

W Search for top
partner T decaying
to top quark and
Higgs boson.

® Higgs is assumed
to be SM like

H - bb in full hadronic final states

CMS Preliminary

B2G-14-002
B2G-14-003

H — vy in semileptonic and
full hadronic final states

CMS Preliminary, 19.7 " at |s = 8 TeV, BR: BW 0%, TZ 0%, TH 100%

_[Ldt=19.7 b, (s=8TeV
T(bW)
1 900

850
800

Q
="
-
|_
T
Q
&
750 0

700

[ — obsO5%CL N =
| e exp 85% C.L. N
— - Theory TT'

1 0'2 - central 95% exp

650
600
550

500 central 68% exp

(A@D) Hwi sse| yienp L panasqo

450

""""
....
.....

L
600 800

CMS Preliminary s =8 TeVL=19.7 fb .

SKIAT

Karlsruhe Institute of Technology

> —
8 102 TTotHtH(— v v)

~ [ Hadronic Category
a [ M=700 Gev

c L

5]

>

w10

10—2 I I I ‘. 1

—— Data

—— Bkg Model
I:l + 1o

I:l + 20
17— tHtH
EA ttH(— yn)

120

1 L
140

CMS Preliminary ys= 8 TeV L=19.7 b

T

<

KL A

-

i 08f

o E
07
06F
058 " Observed Exclusion
04 f_ Expected Exclusion

R BR(T- Wh)=0

e — BR(T—17)=0
02 Dim Dil’o
pqb e b Lo Lo Lo Lo b Lo L
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Links IT

Karlsruhe Institute of Technology

W H- 1t

B http://cds.cern.ch/record/16233677In=en
W H- bb

B http://arxiv.org/pdf/1302.2892.pdf
®IFVH - urt

B http://cds.cern.ch/record/17409767In=en
® X - HH - yybb

B http://cds.cern.ch/record/16975127In=en
® H - cs

® hitp://cds.cern.ch/record/1728343?In=en
® High mass H - vy

B http://cds.cern.ch/record/17140767In=en
® H - invisible

B http://arxiv.org/pdf/1404.1344.pdf


http://cds.cern.ch/record/1623367?ln=en
http://arxiv.org/pdf/1302.2892.pdf
http://cds.cern.ch/record/1740976?ln=en
http://cds.cern.ch/record/1697512?ln=en
http://cds.cern.ch/record/1728343?ln=en
http://cds.cern.ch/record/1714076?ln=en
http://arxiv.org/pdf/1404.1344.pdf
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Links

oT-tH
B https://cds.cern.ch/record/17061217?In=en
B http://cds.cern.ch/record/17091297In=en

AT

Karlsruhe Institute of Technology


https://cds.cern.ch/record/1706121?ln=en
http://cds.cern.ch/record/1709129?ln=en
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