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Introduction

BSM Physics Scenarios and exit strategies
[Howie Haber, LBNL SUSY Workshop, 2011]

Possible scenarios include:

1. A SM-like Higgs boson is discovered. No evidence for BSM physics is evident.

2. A SM-like Higgs boson is discovered. Separate evidence for BSM physics emerges.

3. A light Higgs-like scalar is discovered, with properties that deviate from the SM.

4. A very heavy scalar state is discovered.

5. No Higgs boson candidate is discovered, and the entire mass range for a SM-like
Higgs boson below 1 TeV is excluded.

In the last three cases, theoretical consistency implies that BSM physics must exist at the
TeV energy scale that is observable at the LHC (with sufficient luminosity). Cases 4 and 5

would likely be incompatible with TeV-scale supersymmetry, whereas cases 2 and 3 would
strongly encourage supersymmetric enthusiasts.

Case 1 would strongly cast doubts on the principle of naturalness. Nevertheless, is it still
Possible to learn about physics at higher mass scales?
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Outline

@ Flavour constraints/physics from CMS
CMS PAPER BPH-11-020

By — ptp and BY — putpu~
@ MSSM Higgs searches

- MSSM Charged Higgs ¢t — HTb
CMS PAS -HIG-11-019

- MSSM Neutral Higgs pp — ®X; & =h, H, A
CMS PAS -HIG-11-029

@ Double Charged Higgs searches ST s [T
CMS PAS -HIG-12-005

@ NMSSM light pseudoscalar Higgs a — ,LL+,LL_
CMS PAS -HIG-12-004

@ Personal remarks and Summary

March 17%, 2012 SEARCH Workshop, University of Maryland, MD 3 Sanjay Padhi



Flavour Physics from CMS
Why search for Bs,q — pu = ?
Decays highly suppressed in SM (Buras 2010)
- Forbidden at tree level

- b - s(d) FCNC transition only through Penguin or box

b
- Helicity suppressed by factors of (m /mB)2 )
; B
/d
Standard Model expectations )
. d/s
BB —»pu'n”) = (32402 x107’
BB" - uty™) = (o+01)x107

Sensitivity to new physics
- 2HDM, MSSM
- sensitivity to extended Higgs boson sector

- provide constraints on parameter space
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State of art - previous constraints

6

e At the Tevatron s . Q:ul §

Upper limit | BY —» u"p™ | BY — ptp™ O ZCLEO DO :

Dot 5.1 x 1078 n/a P - Belle 5 o -

CDF?) 1.0 x 107° 6.0 x 107 g T R E—— B..OLHCb_

U6.1fb~1, PL, B693, 539 - - - BABAR e _ & .

2 7fb~!, PRL, 107, 191801 % : ° ® o

m | o , wCMS

' £ - SM: B, —» u'u g

Upper limit | BY — ptu™ | B = ™ — - A -

CMS?) 1.9 x 107° 3.6 x 1077 8 I |
LHCb? 1.4 % 108 3.2 % 1077 O 10°

CMS +LHCb | 1.1 x 10~ % n/a >

3 1.1fb~1, PRL, 107, 191802

°0.4fb~", PL, B708, 55 SM: B? -

. . 10-1D—|||||||||||I|||||I|||||I|||||—
(all upper limits at 95%CL) 1999 2002 2005 2008 2011 2014
Year
— 1.1 —
e CDF? also has B(BY — ptpu~) = (1.8754) x 1078
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Event characteristics

Signal characteristics:
- Two muons from a single decay vertex

- Mass compatible with B_ (or B?)

- Well reconstructed secondary vertex

- Momentum aligned with flight direction

Background sources:

- Two semi-leptonic B decays (gluon splitting)

- One semi-leptonic B decay + misidentified hadron
- Rare B decays
- peaking background BY — KK~
- non-preaking bkg B? — K utv
- Combinatorial bkg : Evaluated from data in m sideband
- Validation/Calibration of MC: BT — J/¢Y K=, B? — J/¢¢p — ptpu KK~

Key ingredients: Good di-muon vertex, correct B mass assignment, pointing angle
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Tom——
Signal selection (before unblinding of signal window)

Mass window requirement:
GMS,4gfb1 Praiminary "JE:?TEI'U'I GMS,4gfb1 Pralirnirary l',|'§:i‘r‘|rﬂ"l.l'l
- Resolution : 36 (70) MeV in barrel (endcap) £ | 5 10- .
= & Dala [sideband) = Ml & Dala [sideband)
- 5.3-5.45 (5.2 - 5.3) GeV for BS(BO) signal E 10°) o /)82 ww Mc) S . / T
. . ) Ny 2 |
Selection cuts differentiated: . 7 8 o
s g i
- barrel (|n| < 1.4) & endcap regions vk S [l
. YIS 498
Single muon and B candidate selection: N o
! 2_'. -
-p.(w) > 4.0 GeV, p_(B) > 6.5 GeV | /A | |
. . . . 1 e e L AR L L A e
Primary vertex consistent with p(B) dir. 0 20 40 60 80 109 120 0 001 002 003 004 005
4 an 3D
Discriminating variables:
- flight length significance 1_Jo(l )) > 15 (20) , CMSA49W ponew E=7TeV = OMS AW romew 5=7Te¥
. . . E 6 ® [ala (sideband) E IEE ® Dala [sideband) 7]
- 3D impact param 9, and significance E - 7] e 10) E o 7l e i)
- pointing angle o, < 50 (25 )mrad 1777/ I ol
- B vertex fit quality x2/dof < 1.6 e s
oW H . e
.Y, %o 0741 oI\ I b
'-IIF:SECGF?ET'&F_!{ ) DDE 0.04 006 008 04 0 05 1 15 2 25 3 35 4
Oty y¥dof

vertex

Side band region (GeV): 4.9 - 5.2 and 5.45 - 5.9
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Signal selection : isolation

CMS, 4.9 fb_1 Preliminary \J'E= 7 TeV
L e — T T T T T

I e Data (sideband) ]

30 [/]82 - pwu (MC) 1

|III : ]

20 1]

i [

o pi(pp”) or a
pL(ptp )+ X pu : i, 1
AR<0.7 L. e e +++'ﬁ'|'+ w T |

O 0.2 0.4 0.6 0.8 1

isolation

Relative isolation of muon pairs

- Cone with AR < 0.7
- Include all tracks with p_ > 0.9 GeV from same PV

B vertex isolation:

- based on tracks reconstructed in the proximity of the secondary B vertex
- avoid PU dependence (tracks associated to no PV)

- distance of closest track to B vertex < 300 microns

Validate in BY — J /¢ MC
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Validation and normalization

Validation of simulation is performed with two exclusive decay modes

a) Validation of B* MC (Normalization sample see next): BT — J/¥(u"u”)K™
b) Validation of B” signal MC (control sample): B, — J/¢(u"pu™ )op(KTK™)

CMS, 4.9 fb™" praiminary  \E =7 TeV

. . . 1400
Good agreement with simulation after 3 v eom Emﬂ-_ b o ]
—1200f 1 w "
. . - .. B2 5 Jiy ¢ (MC) 2 I B s awemo) |
sideband subtraction £1000) | | 8 s
. . . E 8001 o . %10@9-
- Residual differences as systematics S 3
600| e
Systematic Uncert added in quad: 400 R 1% l
200 "‘. y 1 ]
- For a) : 4% (largest isolation) - T eormtmeenens e
0 5 i 15 20 E[EG \‘%ﬂ 0 10 p15 G \ﬁﬂ
- For b) : 3% + +oovt P 0 i
) A TL
Variable Selection MC Data Difference
muon p | Pl > 4.0GeV 0.927 £ 0.001 | 0.926 £ 0.001 || —0.002 £ 0.001
pointing angle asp < 0.0500 rad 0.994 + 0.000 | 0.995 4 0.000 || +0.000 % 0.000
vertex fit x?/dof < 2.0 0.936 4 0.001 | 0.928 +0.001 || —0.009 £ 0.001

impact parameter
impact param. sign.
flight length sig.

dap < 0.008

d3p/o(d3p) < 2.000
b3q/0(€3q) > 15.0

0.972 & 0.001
0.959 + 0.001
0.923 + 0.001

0.972 £ 0.001
0.944 + 0.001
0.926 4 0.001

+0.001 £ 0.001
—0.015 &= 0.001
+0.004 £ 0.001

L

il

isolation I > 0.80 0.893 + 0.001 0.871 &4 0.001 —0.025 & 0.002
close tracks Nippp < 2 0.978 £+ 0.000 0.975 £ 0.000 —0.003 &= 0.001
d’ d’ > 0.015cm 0.917 £+ 0.001 0.929 &+ 0.001 +0.013 £ 0.001
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Branching Ratios

Branching ratios are measured separated in barrel and endcap

- Many of the systematic uncertainties cancel in the ratio

- No need for absolute luminosity and b-quark cross

section

- Large B™ yield and well known branching ratio (3% uncert.)

- Ratio of fragmentation fu/fS is from PDG (13% uncert.)

From PDG
N(Bs — putu™): f g
Br(B, — uTu") =- ‘““Br — J/YKT
(Be = W7W7) = T S /g B 0 WK
= ' T "' T T = T S S
210000_ Barrel g Endcap
S ! S 15001 .
g 827K - 238K
% 6000 candidates | %’ 000l candidates |
S i 1 S
4000¢ CMS| Preliminar
i i 500
2000 =i

opegecqmenes

5 5.2 54 5.6 5.8 5 5.2
m].lj.LK [GeV]

5.4 56 5.8
m,.k [GeV]
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Background estimates

j
: : 0.3 -
Combinatorial background: ! |
. . | .l}'.' o
- Measured in data from B mass sidebands | +:H| | 1 ||+ | ||_J|'| Iﬁ
0.2 T e T S
. | I
- Interpolate to SR under flat-shape assumption | ]
s Toy Data (sidebandH
Preaking background: - > Toy Data (blinded) -
0.1 DE‘-E—}_UJJ N
- B = hh background with two muons with - N
- rare peaking BG
i B rare s BG
misidentified hadrons Uh-F = o]
5 52 54 5.6 5.8 6
- Measure the mid-ID rate in data M, [GeV]
Muon misidentification
- Apply to MC bkg sample with mis-ID probability e(ulm) < 0.1%
. e(plK) < 0.1%
Non-peaking CKM suppressed background from culp) < 0.05%
simulations (mostly at low masses) measured in data:
D*t D[}?T;!_ — K_?T_i_?'l'j_
A — pm 1
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Systematic uncertainties

Systematic uncertainties propagated into upper limit calculation
(Errors are in %)

Category Uncertainty Barrel | Endcap
fs/ fu production ratio of u and s quarks 8.0 8.0
acceptance production processes 3.5 5.0
Pf mass scale and resolution 3.0 3.0
efficiency (signal) discrepancies data/MC simulation 3.0 3.0
efficiency (normalization) | discrepancies data/MC simulation 4.0 4.0
efficiency (normalization) | kaon track efficiency 4.0 4.0
efficiency trigger 3.0 6.0
efficiency muon identification 4.0 8.0
normalization fit pdf 5.0 5.0
background shape of combinatorial background 4.0 4.0
background rare decays 20.0 20.0
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T

Results
Variable BY - utp Barrel | BY - ptp Barrel | BY - 4ty Endcap | BY — ' Endcap
Signal 0.24 + 0.02 2.70 + 0.41 0.10 4+ 0.01 1.23 + 0.18
Combinatorial bg 0.40 4+ 0.34 0.59 + 0.50 0.76 + 0.35 1.14 + 0.53
Peaking bg 0.33 + 0.07 0.18 + 0.06 0.15 4+ 0.03 0.08 + 0.02
Sum 0.97 + 0.35 3.47 + 0.65 1.01 + 0.35 2.45 + 0.56
Observed 2 2 0 4
Ch S, 4.9 fb_1 Preliminary s = 7 TeV GMS, 4.9 fb_1 Preliminary \J'E =7 TeV
> S B L B e e B = S B e A A B R
St St -
e | Barrel : e | Endcap ]
= —— B¢ signal window ]| = —— B2 signal window|
0 _.- - 0o . .
E r----r BT signal window E i v+ B” signal window |
S 3| S 3| 1 1
= =
oo - o h
] (]
2l . . 2| . T
i) 1 : i - 5
\‘H I--- - ‘I : H E E H F ------ : H H E
| M L L L L M R ! ! L L | IR L
5 52 54 56 5.8 5 52 54 56 5.8
mj.lj.l [GEV] mj.u.l [GEV]
JUUE 0 +,,— 0 +,,—
e Upper limiton B(B, — pu"u~)and B(B” — p pu™)

upper limit (95%CL) observed (median) expected
B(B? — utu) 7.7 x 1077 8.4 x 107°
BB = utp) 1.8 x 1077 1.6 x 10°?
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Candidate event

CMS Experiment at the LHC, CERN

Data recorded: 2011-Jun-28 09:47:55.087407 GMT(04:4/7:55 COT)
Run/ Event: 167898 / 1773682763
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Implication to new phys_

m, vs tanB (CMSSM prediction for B, — p*u) m, vs tanp (NUHM prediction for EI$ —uu)
— 2500 6 — — 2500 e 6 —
> s3> o 53
()] g @ ]
) i< O | =
E¢2mu 8% Ec:zam 3%
2 2
1500 15001
1000 1000]—
B - An =-1300 GeV
500/ S00r— 1 =1000
N m, = 400
- _ 7] Exclusion zone
111 | 11 1 1 | | I [ | | | (N | | 11 1 i | 1 1 1 ¥
: Zelly % 10 20 30 40 50 s 210"

0 10 20 30 40 50

60
tanp tanp
Empty regions due to previous upper limit and other published data

Strongly impacts are large tanp

B(Bs—pp) < 4.5 10 at 95% CL
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MSSM Higgs searches
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PHENOMENOLOGY

- Two Higgs Doublets

- Five Higgs Bosons:

h/H (CP = +1), A(CP =-1), H”
- Tree level: Two free parameters

(m A7 tan[%) , radiative corr introduces other dependences

- h standard-model like

- Production cross section scales as tan’p

Production and decay of MSSM Higgs

300

250

200

100

50

MSSM Higgs

T T | T T T 1 | T T

m, = 171.4 GeV
— |ar‘||_:| =5

——— AN = 40

T T I I“'P L]

FeynHiggs 2.5 |

w
o

100 150

M, [GeV]

200 250 300

Neutral Higgs Boson (h/H/A): BR (t leptons) ~ 10%, BR (bbar) ~ 90% (challenging!)

@ Gluon-Fusion or b-Quark Associate Production

if b
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Charged Higgs boson
Charged Higgs H

If M(HY) < m, Lower limit LEP ~ 80 GeV

Observation is a direct sign of BSM 1

1
.'l- —
=

BR(HY)
igf=3

- Light H (< mtop)

Dominant decay: HY 5 7%y :

T 7T IJ‘IIII

- Heavy Higgs (> mtop)

[
]

10

1 |||||||’|"

B(H* — 7%v) ~ 10%

Also depends on tanp 100 W00 s
H

k |

g
|
g {
700000

10

10

10

pp — tbH* for

M. Gomez-Bock et al., arXiv:0712.2419

+

tgp =30

o
Z
-

N

200 30 500
M, * [GeV]
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Charged Higgs boson

General strategy Fully hadronic (ni -jet
- Suppress QCD multijets a/q [ H+<<:J
- Separate signal from bkg using M_ : VI :

- Also use M,_ for shape analysis (t1) W q
Backgrounds (1) : d
- QCD multijets (measure in data) Leptonic It T jet
- EWK ttbar (measure in data; tau embeded) /9 H+‘<<\;

- Other backgrounds:

- EWK + ttbar with fake taus
Backgrounds (It) [ Major bkg: ttbar, W+]Jets]:
- Fake taus (measure in data)
- Other EWK (genuine) taus from simulations
Backgrounds (eu) [Major bkg: ttbar] :
- Cleanest channel

- Selection similar to ttbar xsec measurement
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Charged Higgs (hadronic taus)

Event selection
P _(r) > 40 GeV, atleast 3 Jets with p_ > 30 GeV, MET > 50 GeV, atleast 1 btag jet

A (p.(t) - MET) < 160% pt (tracks) > 20 GeV with lepton veto
T

W iS S ressed using R = p™* > (0.7
— TV IS Supp using P /p(o) \'s =7TeV 22 fb"l CMS Preliminary

) = 2 T
QCD multijet bkg (fake taus) measured in data ¢ [ B 10,05 with H ey
Ll

— QCDI?rcneas.)
I EWK genuine t (meas.)

EWK ttbar (embedding method) 10° B EWK fake © (MG

2% stat. uncert.
v/ stat. @ syst. uncert.

- Define control sample in data -~

|||||||||||||||

- select high P, Muons (lepton universality assumed) 10°

- Replace muons by taus from simulated tau decays

Source Ng™ f’tsfcst;.at.:lzsysl%. 10

HH+HW, m = =120 GeV/c?, BR(t — H'b)=0.05 49+4+8
multi-jets (data-driven) 27+2+1

EWK+tf 7 (data-driven) 78+3+12 o 1 . .

EWK+ 41 7 fakes (simulation) 6+4+14 5 12p + + + E

Z /9" — 7T (simulation) 65+20+12 Er‘; —— e L

WW — tu, v (simulation) 0.34 +0.22 4+ 0.05 T 08 - -

Total expected background 118 £5 + 12 O =L R : : -

T, +23 miss >1 btags <160°
Data 130 nt=o EFTT>50 95 A¢<160

Step
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: Te—
Charged Higgs (It & eu)

+ + T 4+ _F + + T
H= — e 1, pr7) H™ —w e p
- -1 1
& Ns=7TeV 1.9fb" CMS Preliminary - Ns=7TeV 2.1f" CMS Preliminary ¢ Ns=7TeV 2.2 szl CMS Preliminary
< 10° =120 GeV/c’ ¢ dals - =120 GeV/c’ ® dita T 10° m,, =120 ?l"ﬁc . :m i
& BR(t -» bH)=0.05 e & 10° BR(t - bH)=0.05 ety o BR(t - bH)=0.05 o W'
u>J u}J 5 W 10° -3‘1]’1:?
10 [N single t
104 I Diboson
10‘4 stat. @ syst. uncert,
3
10° 10
102 10
10 10
1 1
g i 2 £ 10k E
5 12F r 5 1.2 a lep | i .
8 T ™ 3 ! o :
308 L ot
1e +23+™ 2 Tbiag 1t 0s Tue23) gre >fbtag 1t OS 2 leptons M>12GeV 22jets  OS
? Step Step Step

Good agreement between expectation and observation
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Charged Higgs -

fs=7TeV 2.2fb"

Ns=7TeV 22fb' CMS Preliminag

CMS Prelimina

i o
TO0.14t—>HDbH - w — — -
L - T *ets, et BT, and ey final states 7] E 7
L il - - - —
_I 0.12 - BR(H — ) =1 —8— Observed B ;
E B --M-- Expected median 7] 7]
a 0.1 B [ | Expected median 1o _] _]
L = - - -
E L [ | Expected median+2 o 5 a2
£ 0080 g |
—J10.06— — a
O i ] ]
EEI' ﬂ_[)d u . . ; —&~ Observed i
g [ ™, ] C e Observed t1o (th)
i - ] 10 ‘M- Expected median ]
U+DE n ] : Expected median +1a ]
s - . B Exclusion with 1.1 " -

paa Do bon o ool oado o nalogaslyonualonsalany e b de sl e g gl luassdaaaeley
0 80 90 100 110 120 130 140 150 160 ?20 125 130 135 140 145 150 155 160

m,,. (GeV/c?) m,,. (GeV/c?)
Significant constrain on the BR (CDF/DO results for 80 -155 GeV, H* = BR ~20%)
BR(t — H+b) < 2 — 3%

Excludes a large region in m(H) - tanp plane
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MSSM Neutral Higgs (h, H, A)

Enhanced coupling to b-quarks and tau-leptons

Decays to b-quark and tau pairs enhanced at all masses

@ MSSM Neutral Higgs decay

@ ® 777 =0l ¢h,hh+V's

@ & — bb is difficult.

— bb—¢ (tan (=30)
—— bb—¢ (tan [j=20)
—— gg—¢ (tan [}=30)
— gg— (tan [}=20)
— gg— Higgs(SM)
------- VBF Higgs(SM)

-

¢ BR(Higgs/o—tt) [pb]

=
1=
R

da

= =

= [=]

b
BRRALLNLERLUL IR R L BRI B

gg—Higgs(SM)

=
=
i

VEF Higgs(SM) ...

Ty
-----

11 I|IIIIIIIIIII 11 11 |I ||||||.:Tr|‘.|"|"r‘| 11
100 150 200 250 300 350 400 450 500

mﬂHnggs [GeV]

=
=]
&

—~0.25

—*TT

0.2

BR(A

015

0.1

0.05

I TTTT I TTTT | TTTT | TTTT I TTT7T I TTTT TTTT I TTTT | TTTT

L mhmax scenario tangi= 5 i
- — tanfi= 10 =}
» ‘\]IE= ? TEU — tanfi= 15 |
| lanfi= 30 ]
- — lanfi= 25 -
| fanfi= 30 .
- landi= 35 .
B tangi= 40 |
| - ianfi= 45 _
|- - — tandi= 50 ]
:#,--"-__:__:__'n Tr— .
L S -
i \‘ ~— _:
' k S ——

IIIIII‘IiIIIIIlI‘I -

906"

0 E'D'D 300 4{10 EDD 600 700 800 9001000

M, [GeV]
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MSSM Neutral Higgs

Tau pairs reconstructed in decays leptons (e/u)+ hadrons (1 or 3 prong) or eu
Kinematic fit to obtain tau pair mass
- used to search for H to tt contribution

Two main categories : non-b-tagged and b-tagged (to enhance bb®)

CMS,\s=7 TeV, L= 4.6 fb’ All channels 20 CMS, Vs = 7 TeV, L = 4.6 fb™ All channels
[— L] L] Li L] L] L] L} ] L] L] L ] L] L] L] L] L] L] L] L] L] L] L] L| L] L] L] L]
% - ! b ¢Ln tmﬂ=12'llli, tan(i=20) - b p—TT thI=12ﬁ, tan(i=20)
o 10° F —e— observed 4 18 - —e— observed
2 ] i - 5 | i p o
= : p i 16 (-
E': . B clectroweak il 14 B clectroweak
= s | [ multijets | [ multijets
E 1 U ; Mon b-Tag Category ; 1 2 b-Tag Category
© [ :

10
8

10

0 100

200

(an T b N S o )

300 400 500 O 200 400
m,. [GeV] m,. [GeV]
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MSSM Neutral Higgs

¢ — 7T (eTh, uTh, ep)

CMS,\s =7 TeV, L = 4.6 fb™
50 ::I | | | | | I | | | | | I | | ] | | I

95% CL Excluded:

[ ] Observed
——— Expected

+2 o Expected

oY
4]

WA RARAN AR BAAAN LA LA LA B

i Y LU

100 200 300 400 500
m, [GeV]

This excludes previously unexplored region:
- reaching as low as tanf = 7.1 and m, = 160 GeV
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Double charged Higgs search

Minimal seesaw model of Type-II with one triplet scalar field
[Magg, Wetterich, Schechter, Valle, Mohapatra, Senjanovic]

Essentially is a search for like-sign dileptons

q ¥ q ¥
+ + - (I)Il. 4 ‘

Z%y q) < I} We e < I}

" < K D / K

q L q ¥
S RS [ Paatnaoss secon (0] |
- b ;| == Pair-production cross section (LO) :
g 10! N | — Associated production cross section (NLO) |]
% ' - - Associated production cross section (LO)
g 100 # i
a o
10!
O 1()—2 1 L ! | |

| 200 300 400 H00 600 700
Mass of ¢*= [GeV]

4 benchmark point used (BP1 - BP4) [Kadastik, Raidal, Rebane, 2008]
- to probe different characteristic of neutrino mass matrix
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Double charged Higgs searches

Tri-lepton and Quadlepton Modes in all lepton flavours

CMS Preliminary /s =7 TeV, [ £=4.6 fb~' CMS Preliminary /s =7 TeV, [ £=4.6 fb~'
“:I; —a— Data & Data
e 104 - i
Wilipts Wilijes
g - - e
E Single op ”;l": I Singletap
% —— Signal 350 GaV) —— Signal {350 GeV)
0] H.l! MOt uncert.
2 2
2 10 % ’
@ = 1
@ il
z W 10¢
1 : 11 1
200 300 100 00 Pre-selection 5" Zveto  Ap(if)Mass window
m(i ) [GeV]
CMS Preliminary /s =7 TeV, [ £=4.6 fb~' CMS Preliminary /s =7 TeV, [ £=4.6 fb~'
—a— [Dma a Dma
- e H.';I

. Vet
Viipts * Wilsjels
10! _— i -_— s
R Snge o = Signal {350 GeY)
* — Signal 350 Gav') i MO sial uncart.
. LI
5 5]

“:ll.l L =3 = e

10 1

M events / 20 GeV

10
! 1!

200 :
mf ) [GeW]

Pre-selection % Zveto  Mass window
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Double charged Higgs searches

o

CMS PAS HIG-12-005

Benchmark point Published limit CMS combined result
BR[(IF""" — f"‘f"‘] = 100% 225 GeV [34] 445 GeV
BR(®TT —etu™) = 100% 210 GeV [34] 455 GeV
BR(@TT — et1h) = 100% 112 GeV [34] 352 GeV
BR(®"" — utut) = 100% | 355 GeV [35] (245 GeV [34]) 457 GeV
BR(®TT — uttt) = 100% 144 GeV [36] 369 GeV
BR(®TT — 17t t) = 100% 128 GeV [36] 198 GeV

BPP1 N/A 380 GeV
BP2 N/A 410 GeV
BP3 N/A 406 GeV
BP4 N/A 399 GeV

e“e = 100

e~ = = 100%

LT = 100%

e = 100%

pETE = 100%

e = 100%

BP1: normal hierarchy
BP2: inverse hierachy

BPF3: degenerate masses

BP4: equal branchings

CMS Preliminary /5 = 7 TeV

>o 10

CMS Preliminary [ £ = 36 pb* |1
CMS Preliminary [ £ = L0fo !
CMS Preliminary [ £ = 4.6fb " |1

Tewvatron
ATLAS [£= Lifo !

LK

200 3010

A0

95% CL limit on mass of &=~ [GeV]

500

GH
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NMSSM light pseudoscalar higgs a; — p* ™

Next-to-Minimal Supersymmetric Standard Model (NMSSM):
- Adds singlet scalar field, thus expanding the Higgs sector
- Three CP-even (h1' hz, h3) and two CP-odd (al, az) and two charged scalars H*

A light (~10 GeV) boson is produced

Search for a_ in its decays to OS dimuons

Analysis strategy :

- Select isolated OS muons with p, > 4 GeV

pT(pLM) > 6 GeV gzsnnn— - CMS preliminary VG =7 Tev
= ;
- Search below/above the upsilon peaks %ﬁﬂﬂﬂﬂ- E":-m |
-5.5 < M(uy) < 8 GeV “oom S
-11.5 < M(uw) < 14 GeV 10000} .
Trigger Challenges : 50001 |
Use special dimuon trigger which include dimuon inv mass {,W '

f-l--:;"r ;
6 7 8 g 10 1N !\’le r&l“gﬁ-

and DCA (distance of closest approach to beam axis) < 0.5
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T
NMSSM light pseudoscalar higgs a; — p* ™

?é 100 tang=1 . —:
3] 5
< 0.50 =
o - tanf=2 -
g tangf=3 i
O 0.20 por W —
0.10 =]
tanf=10 1
0.05 | /\/\/\' .
CMS Preliminary: Vs=7 TeV i
0.0= tang=>50 Lyy=1.3 fb~* N
0.01 -- BaBar limits i
1 1 I I 1 1 [ I | 1 1 1 I 1 :
10 12 14
m, [GeV]

Results are in 3 variables: m_, tanf & cos6,

The dashed lines are the results from BaBar
Solid lines are the CMS results
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Few personal remarks
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Revisit the Higgs and MSSM

3 mil1 M2, ..
2 t. % [ .
mh ﬂfg cos™20 + A2 ?Jf 2t + log %] T

Important parameters for MSSM Higgs:
- tanf and M

- the SUSY breaking scale M_
- the mixing parameter in the stop sector X = |A - u cot B;
- A is the trilinear scaling coupling

- u 1s the mass parameter for the Higgs in the superpotential

M ™** can be obtained:
- a decoupling regime with a heavy pseudoscalar Higgs boson (M, ~1 TeV)

- large tanp, — tanff >

- heavy stops — large M,
- maximal mixing scenario (X = |A -u cot f]): X = V6M_

- minimal mixing scenario X, ~ 0
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Consequences in pMSSM ‘

Based on talks this morning, consider higgs to be 123 <M _(GeV) < 127

The consequences of this in pMSSM (19 parameter)
A. Arbey, M. Battaglia, A. Djouadi, F.M,, J. Quev1llon Phys Lett. B708 (2012) 162

F1u:1’ L [ r e 8 1 r L L 'I T 1 F 1 I L r T 1T 1T 7 'I T ¢ ® 1 '| L : s- . 1 T . 3 T T 'I -|
8 «aE. S e B mm,:mm ’{L ]
E = - » u'_._ L ‘- I ]
- : o 4 .:" :”JE,-,. =
= z 2 .
= 3 'E ;'E
3 n o3 =
= ] 2 =
3 @ | 4 =
M, <3Tev. " b s = =
3 ::-:nw : e ot ‘:n- - A=
.-. e B R | :-I | 1' R -I |.; l.'....' [ 1L ST L o i O e [T e 4'__1 : & ? § | L 4 g ‘.l | M’ |M‘. d [ TR _-:

E il @ il - o 0 500 1000 1500 2000 2500 3000
XM, M, (GeV)

A large part of the pMSSM still survives
No mixing cases (X, ~ 0) is excluded for M_ < 1 TeV

- Even at M ¢ < 3 TeV, chances are narrow

Small stop masses are still allowed
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Consequences of Higgs results for BSM Higgs

Now let us apply other constraints discussed earlier: 123 <M (GeV) < 127
-Direct A — 7777
- Constraints from BR(Bs — u ™)
- Dark matter direct detection constraints (XENON)

In the maximal mixing case (Xt =6 M S)

1 TeVM_ .,  Preliminary results: Nazila Mahmoudi, Moriond EWK 2 TeVM
M, = 2 TaV SUSY
M, = 1 TeV - B8 W
All polnts E 45 3 oih ' ) = Al polnts

Encluded by flavour

Excluded by flavour

M, = (125 + 2)GeV 40 M, = (125 ¢ 2)GeV
' a5 4
30

259

% 100 150 200 250 300 350 400 450 500 Qo 100 150 200 250 300 350 400 450 500
M, (GeV) M, (GeV)

Flavour constraints: b — s, B — 71rand new LHCDb B_results
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Consequences of Higgs results for BSM Higgs

In the maximal mixing case (X, = v6 M) 123 <M, (GeV) < 127
M=3T&v 3 TeVM

SUSY _ 50

= 50 ; £
E . All palnts a5k
, - i b o Al A I A Excluded by flavour g .
40 .nl..-n'}.l.‘l-.;':"i:. #Y .u i ':""-*--""':- ‘.:'I | 3 ¢ 40__
i T N AN W R N r
% 1 Pl F
15 80 '.r' 35¢
£, 30F
SO TR " F
A  angP Y=
258 "r-I s 25 %
IR o 20
20 o [ cMS Hir 4.7 T
Fartyk 156\, / — CMS H' 2.2 b
15 Wy o —— ATLAS Hrr 1.1 b
LT 2 oot ATLAS H' 4.6 b
10 ‘l]:',. AT 10:— Eg:.afh
. = max : -
y 5E MSSM m,™ scenario, M_ =1 TeV
-l|||IIIIIIl|||I||||I||I|I||||I||||

%I | 100 i 15'|:i' - Eﬂl.'.i | 250 ;Z'l-l:il:lI IHU | -II-EII.'!I | 450 | I5'.'“.'! POU 150 200 250 300 350 400 450
M, (GeV) m, [GeV]

Very strong constraint on the neutral Higgs searches!

Flavour constraints: b — s, B — 71rand new LHCDb B_results
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Summary and Conclusion

Search for rare decays has been performed.

- New upper limit on BR for B, and B? using 2011 data

CMS has made searches sensitive to beyond the minimal higgs of the SM.
No evidence for non-standard higgs production or decay is found.
MSSM higgs parameter space is constrained by the studied modes.

With the expected > 15 fb' @ 8 TeV is likely to shed light on new physics.
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BSM Physics @ 8 TeV ﬁ

But don’t be
desperate (yet)

*‘#ﬂ_ *-!...

.AND YOU THINK YOU HAVE STRESS..
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CMS detector

. 216m 1 , o

Superconducting Solenoid (4 T, 5.9m @, 13m long)
Silicon Tracker (10 layers)

Very-forward Pinel Detector (3 layers)
Calorimeter
Preahiower
lihh ' | : > ' Tracker: o/pr ~ 1.5 x 10-4 x p; < 0.005
E | Muon standalone @ 1 TeV: o /pr =~ 0.10
- /// Electromagnetic energy resolution
== E) 3%
— %:ﬁﬁj 3%
Hadronic energy resolution
E) 100%
?:;?:m:er G{E } = JE +5%
Ele-ctnﬂu: \ ;.i.
I \‘ h"» - :::_-:mn
v (4 layers)

) Compact Muon Solenoid
Total weight: 12 500 tons

® Trigger system setup to reduce input rate of 40MHz down to 100-200 Hz
v Hardware level-1 40MHz — 100 kHz followed by PC farm with near-final reconstruction resolution

= No triggernng on inner tracks at L Cavai|a|:)|e c:rn|5 In a ccruPL: CJ'FHE.EIFE)

= Final trigger stage can select muons, electrons, photons, jets, MET, displaced vertices
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Hadrons Plus Strips Algorithm

build signal components combinatorially

cluster gammas into build all possible taus
candidates using n-¢ strips  that have a ‘tau-like’ multiplicity
from the seed jet

| o
¢ R

o 4 nl-ﬁno
' _ T TTH TT

tau that is ‘most isolated’
with compatible myis

Is the final tau candidate

associated to the seed jet
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Tau Neural Classifier

a neural network for each decay mode

cluster gammas into 1 signal objects are defined
candidates by combinatoric using shrinking cone
pairs compatible with mpo

qb,k

0 depending on decay mode

a different neural network
Is applied!
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CMS Simulation,\s = 7 TeV

Taus

CMS Simulation,\/s = 7 TeV

—

= 1 I = I |
[ ] Q
—
@ ® HPS loose Q@
L 0.8~ = HPS medi 7 © 0.8 -
S a HPS :?ghllum ‘S RS S — . & —
S 0.6 S 0.6 o2 larm ;
~ V.o~ ] - U.o— T
% oo e O tie o —o— ..g .‘:*l"_-_:_‘_,-—a—-'ﬁ"_'_“_' e
D ’ @ ... .-‘-:_‘_'
[ah) . [4b] e
T S I e ':: ® TaNC loose
0.2 f ] 0.2~ &%/ = TaNC medium 7
. A 4 TaNC tight
L
i ' ! = ' '
% 50 100 % 50 100
generated pT“ (GeV/c) generated pT“ (GeV/c)
CMS,\/s = 7 TeV, 36 pb” CMS Preliminary 2010,\'s=7 TeV, 36 pb™
§2) I T I 2] LI IR I LN I IR I B
@ | O PTDR, Wsjet € 70F e Data E
- - © PTDR, QCDu O Qo C BZy >t .
2 - = TaNC, Wi+jet o ® 60F [ QCb E
Q o TaNC, QCDu el E W + jets .
© | —m HPS, W4jet « o0 WZy —»ptp
c e HPS, QCDu 2 - Bl it + jets ]
S 1021 . g 40F E
= C -1 C 7
3 I € 30p E
S I 20 =
=R | g :
2 o 10F 3
E C ]
T o | ' ' | 9040 60 80 100 120 140 160 180 200
Y0702 03 04 05 08 t_ visible mass (GeV/c?)
expected t efficiency HT o
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S ——

Taus
13 CMS CMS 36pb’ at s =7 TeV
- B I I L] L L] I L L) L) ] ] L] T T I ] T T T I 1 L] L] ] I T T ] ]
- 36pb’ atJs=7 TeV NNLO, FEWZ+MSTWOE [PDFILHC 68% CL] [60-120 GeV)
=) - _ i
= 1.2[ :
= r ] HeH Z — 1T (combined)
£ : |
r 1 ] F—t—ar—— Te + Thaa
Nof ] é
@ 4F ] —t—t— Ty + Thad
x B . !
5 - . — ; T, + T,
+ 09F 7 i
Q C 5 ] H—H—H T+ T,
o ‘J-E:” B jof Z —ee, pu
- . ! . | luminosity uncertainty not shown
0 i " ] [ —— Lty i ] " ) PR T S W (S W N TR T A TR W T R N S S N
'5_5 0.8 1 1.2 1.4 0.5 1 1.5 2 2.5
Tuo-1D Efficiency (data/sim) o(pp — £X) = B(Z — ) [nb]
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MSSM - Charged Higgs QCD

. T isolation, one prong, R

selections were factorized
out from E,™=s and A¢

* b tagging left out due to
negligible effect on
m. shape

« EWK events (MC)
subtracted from data to
obtain number of QCD
multi-jet events

- Shape normalized to N°®

1. Trigger
jdescribad in Sachion 4)

2. Good primary vertex
(described in Section 6.1)

3. 1-jet candidate selection
(described in Section 6.2.1)

4. Veto of isolated electrons and muons
{describad in Sactions 6.3 and 6.4)

5. At least three hadronic jets

{described in Section 6.5)

factorise out

[
illlllll‘tttll"l“i‘tt‘il"l"ll‘ii‘lllr
L

6. 1 isolation and one-prong selection
(described in Section 6 2.2)

.R.>0.7
(describad in Section 6 2.2)

IET " =50 GeV
(describad in Section 6.7)

Il Ao(-jet candidate, ET"II cut
jdescribad in Sacton 7.8)

Efficiency in bins
of tT-jet candidate p,

E'r-j etiID, i

m; shape in bins of 1-jet candidate p,

Number of events in m, bin j for T-jet p,.bin i
(before normalization to N%P):

Nij = (me::r'c selections+1+IIl, ij

data

NEWK MC

basic selections+I1+I1I, 1;) X EretID, i
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MSSM - Charged Higgs QCD

Table 4: The systematic uncertainties (in %) in the 7, +jets analysis for the backgrounds and the
signal from tf — H*bHTb (HH) and tf — W*bH7b (WH) processes at my+=80-160 GeV/c?.

HH WH | multi EWK+tf genuine T EWK+tf T fakes
jets | Emb.data | Res.DY | Res. WW tt | tW | WHjets

JES+JER+MET 4.7-14 | 9.0-18 7.1 26 23 81 | 1.0 <10
cross-section o o o | 80| 5.0
pileup modeling 0.3-4.2 | 0.6-5.2 7.8 39 7.1 15 10
MC stat 6.2-11 | 7.0-10 30 66 28 | 49 71
luminosity 4.5 4.5
trigger 12-13 13 11 12 11 12 11 14
multi-jets stat. 6.5
multi-jets syst. 3.8
i sample stat. 34
multi-jet contamin. 0.3
fW—>r—>y 0.7 0.1 0.1
muon selections 0.5 0.1 0.1
lepton veto 0.3-0.5 | 0.5-0.7 0.9 1.2 09 | 06 0.3
T-jet id 6.0 6.0 6.0 6.0 6.0
jet, £ — T mis-id 15
b-jet tagging 1.1-2.1 | 1.0-1.7 14 | 16
jet—b mis-id 2.0 2.6 4.8
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MSSM - Charged Higgs QCD

Table 5: The systematic uncertainties (in %) in the y7, analysis for the backgrounds, signal
events from tf — H*bH7b (HH) and tt — W=bHTb (WH) processes at m:=120 GeV/c*.

HH | WH | tt;; | tt;; | T fakes | Singletop | VV | DY(uu) | DY(77)
JES+JER+MET 6.0 | 50 | 5.0 | 4.0 6.0 11.0 | 100.0 22.0
cross-section J_rlf 8.0 4.0 4.0
pileup modeling | 4.0 | 2.0 | 2.0 | 8.0 2.0 3.0 25.0 4.0
MC stat 50 | 40 | 20 | 9.0 4.0 9.0 100.0 16.0
luminosity 4.5 4.5
T-jet id 6.0 | 6.0 | 6.0 6.0 6.0 6.0
jet, { — T mis-id 15.0 15.0
b-jet tagging 6.0 | 50 | 5.0 | 5.0 7.0
jet—b mis-id 8.0 8.0 9.0
T fakes (stat) 10.0
T fakes (syst) 12.0
lepton selections 2.0 2.0
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MSSM - Charged Higgs QCD

Table 6: The systematic uncertainties (in %) in the ey analysis for the backgrounds, signal events
from tf — H*bH7b (HH) and tf — W*bHTb (WH) processes at n =120 GeV/c?.

HH | WH | tt | DY(ll) | W+jets | Single top | VV
JES+JER+MET 21 | 20 20| 6.0 10.8 4.0 6.5
cross section o 4.3 5.0 7.4 4.0
pileup modeling | 45 | 45 | 50| 55 4.0 5.5 5.5
MC stat 53 | 79 | 10| 6.5 42.9 1.9 43
luminosity 4.5
dilepton selection 2.5
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e
MSSM - Charged Higgs (replacement method)

===
Na= ?_Te"ufl 2.? " E:MSI Preliminary

—
]
=

« Normalization

- Tau trigger by applying efficiency as
a function of t-jet p,

~Jd

f;;Tj*ﬁi;jﬂf;;“”fJ

Data events
=
]
T
I
|
Lo thid

.
I

=]
=]

« MET trigger by requiring caloMET g0 Embedding
(with tau added) > 60 GeV ¢ hormalisation
. o 40| not applied
« Muon trigger and ID efficiency T —
measured with Tag and Probe JEMCERTI —"
* Multiple embedding trials in order s IE?nlngﬁdﬁnI ?trfa?r" X
to improve statistical precision mfmm

2

- e b 7 S W
Mora [T

 Mean value of 10 trials
* Residual background from ditau

vants | 20 GaVie
wn

events (DY and diboson (WW)) \: | Hets 1

- Veto of second p is tighter cut than . | DY+tjets MC
veto of second T jet (u ID is more —‘ :?nrl:;‘::llded
efficient than t-jet ID) i1n=al _

. Ntutal — Nemb. data 4 [Nres MC DY + NFES.MC '|.|'».|"|.|'n.|'r g _
WhE‘rE NFES.MC —_ Nnnrmal MC __ Ner‘nb- MC oSy 4.

50 100 150 200 250 300 350 400
m.(t jet, ET™) (GeVic*)
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: Te————
MSSM - Charged Higgs |

iIs=7TeV 21fb" CMS iIs=7TeV 22" CMS

E"lum: e R FL e LT L L T 1 1 Eaﬁlﬂ'ﬂ_ 1 & 7T &7 1 T 1 ]
= C T (WW + WH + HH) E c _ — T (WW ¢ WH ¢ HH)
E gmz e N (- WBWE) : Egmnz : ww (1 WWE)
LUBDEI ------ WH' (tf — WbHE) : e N e WH (f  WBHE)
700 “ HH [ = HbBHB) : 2500 <o HH' [ — HBHE) ]
- m,, =120 GeVic’ 1 m,, = 120 GeVic" |

: final state 3 ey final state
600 " hu+tau 5 2000/~ ]
500} _: - 1
4!]{]; 2 | 150']_.— " =3
300 \ —: 1000 e 3
200 3 : L ]
=t i = 500— M .
100 » = | E G “ 1
ﬂ ;_1 N e e I-....r...,l_____ll_l_.r _____ Y ]l u - | : [y | | N,
0 0.2 0.4 0.6 0.8 K 1 0 0.2 0.4 0.6 0.8 N 1
BR(t — H'b) BR(t — H'b)

» Upper limit for BR(t = bH*)=x with
o« N =N SSY—NSM= N, 2(1-x)x + N2 + N SM((1-x)>-1)

» Excess of events expected in fully hadronic, e/mu+tau,
while in e+mu we expect a deficit
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MSSM - Neutral Higgs

e b-Tag category: We require at most one jet with pr > 30 GeV and at least one b-
tagged jet with pr > 20 GeV.

e Non b-Tag category: We require at most one jet with pr > 30 GeV and no b-tagged
jet with pr > 20 GeV.

The SM search has three categories:

o VBF category: We require at least two jets with pr > 30 GeV, |Ar;;| > 4.0, 171 - 172 <0,
and a dijet invariant mass m;; > 400 GeV, with no other jet with pr > 30 GeV in the
rapidity region between the two jets.

e Boosted category: We require one jet with pt > 150 GeV, and, in the ey channel, no
b-tagged jet with pt > 20 GeV.

e (/1 Jet category: We require no more than one jet with pt > 30 GeV, and if such a jet
is present, it must have pt < 150 GeV.
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T
MSSM - Neutral Higgs

Table 2: Numbers of expected and observed events in the event categories as described in the
text for the ut, channel. Also given are the expected signal yields and efficiencies for a MSSM
Higgs boson with m = 120 GeV and tan = 10, and for a SM Higgs boson with my; = 120 GeV.
Combined statistical and systematic uncertainties on each estimate are reported. The quoted
efficiencies do not include the branching fraction into 7.

SM MSSM

Process 0/1-Jet Boosted VBF Non b-Tag b-Tag
Z— 1T 28955 + 2054 | 295 £ 22 | 36 £ 2 | 29795 + 2114 | 259 + 18
Multijets 7841 £ 141 | 36 £2 | 23+2 | 6387 £ 115 | 160+ 9
W +jets 5827 4+ 392 | 65 + 4 9+1 | 9563 +628 |110+9
Z— 777 + 70 54+41 |[1.0+£02, 924 +115 341
tt 147 + 15 944+ 12 | 441 101 £ 15 | 145 + 20
Dibosons 178 + 55 9+4 |04+04| 217 +46 542
Total Background | 43725 + 2097 | 504 + 26 | 73 + 3.9 | 46987 + 2211 | 681 + 30
H— 17 96+ 17 | 39+ 08 | 30+05| 502 +52 45+ 6
Data 43612 500 76 47178 680
Signal Efficiency

gg— ¢ - - - 18102 1.810*
gg— bbg - - - 201072 2.6:107°
ge— H 1.7-102 3.910°* | 1.1.10°4 - -
qq— qqH 8.6:10~3 2.6:107% | 52:1073 - -
qq— H ttor VH 1.5:1072 3.3107% | 4.2:10°° - -
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Doubly charged higgs

Table 2: Selections applied in various three-lepton final states

Variable ee, ey, Ui eT, UT
> pr > 1.1 -mgprr +60GeV | > 0.85 mg+ +125GeV
m (€0 — myol > 80 GeV > 80GeV
Ag < Mg /600GeV + 1.95 | < mg++/200GeV + 1.15
s none > 20GeV
Mass window 09 - mgii; 1.1 mgs| Mg+ /2;1.1 mg]

Table 3: Selections applied in various four-lepton final states

Variable ee, ey, up eT, UT
> pr > 0.6 mg++ +130GeV | > mgi+ + 100 GeV or > 400 GeV
lm(€ ) — myo| none > 10GeV
Mass window | [0.9 - mig+; 1.1 mig ] Mg+ /2; 1.1 mgrs |

Table 4: Selections applied in 37 and 47 related final states

Variable 3T 4t
LPT > mpi+r —10GeV or > 200GeV | ¥_pr > 120GeV
m (€0 ) —mypo| > 50 GeV > 50 GeV
Ag <21 <25
ET"™s > 40 GeV none
Mass window (Mgt /2 —20; 1.1 - mg+ ] none
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Doubly charged higgs

Table 5: Source of systematic uncertainties and impact on the full selection efficiency

Lepton (e or 1) ID and isolation 2%
;.4 1D and isolation 6%
Thad €NergYy scale 3%
T4 Misid rate 3%
Trigger and primary vertex finding 1.5%
Signal cross section 10%
Luminosity (for signal only) 4.5%
Ratio used in background estimation 5-100%
Statistical uncertainty of observed data events in sideband | 10-100%
Statistical uncertainty of signal samples 1-7%
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Light pseudoscalar Higgs

For the QCD background, we use a first-order polynomial probability density
function (PDF). Each Y is parametrized via a double Crystal Ball (CB) function. A CB function
is formed convoluting a core Gaussian resolution with a power law side tail describing final
state radiation. The resolution of one CB is left free in the fit but is constrained to be the same
for all the three resonances. The resolution of the other CB function is determined from the
fit on the Y(1S) peak, and forced to scale with the mass of the other two resonances. As the
resonances overlap, we fit for the presence of all three Y states simultaneously. Therefore the
PDF consists of three double CB functions. The mean of the CB of the Y(15) is left free in the
fit, to accommodate a possible bias in the momentum scale calibration. The number of free
parameters is reduced by fixing the Y(25) and Y(3S) mass difference, relative to Y(1S), to their
world average values.

The fit to the Y shape and continuum background is performed in the two acceptance regions
(barrel and endcaps) separately, as shown in Figure 2. The number of events of Y and contin-
uum determined from the fit are given in Table 1.

Table 1: Summary of the number of events of Y and continuum background from the invariant
mass fit. The Y contribution is summed over the three resonances.

Contribution Number of events (barrel) Number of events (endcap)
Y 93753 £ 396 95876 + 454
Continuum background 41210 £ 320 45792 + 385

March 17%, 2012 SEARCH Workshop, University of Maryland, MD Sanjay Padhi
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