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BSM is the target

existing Mystery Constraints

Matter content

no large EW
and gauge ‘USY LEP correction
Interaction . . LHC
. ynamica
Higgs boson symmetil . no extra FCNC
is light s no proton decay

dark matter

baryons in our no extra CP violatio

Universe
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Contents

e SUSY confronts data and future collider
® Jets signatures with “QCD technologies”

e “Composite way” ; Composite Higgs, top partner, Higgs
sector

® | eptons! at future colliders
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1 Classm Solutlon:Supersymmetry

eSS

— = — T T

® symmetry to exchange boson and fermion.

® new particle predictions sfermions(0), gaugino(1/2), higgsinos(1/2)
Higgs vs SUSY

I T IE S
e o e

LT LTE I

® No new dimensionless coupling and no quadratic divergence

e

® Higgs 4 point coupling ~gauge coupling. (no negative 4 point

coupling)+ radiative correction b
Answering big question

® gauge coupling unification

® R parity in MSSM . New stable particle= DM candidate.

but flavor and CP problem -> SUSY breaking models
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gauge coupling/soft parameter unification
mass spectrum (MSUGRA/CMSSM)
and little something

strongly interacting

mass scalar mass unification
important for FCNC

EW interacting

unification

sEle

Higgs mass
wo higgsino mass Reduction due to
YUKAWA correction stop and higgs mass in RGE
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gauge coupling/soft parameter unification
mass spectrum (mMSUGRA/CMSSM)
and little something

Higgsino mass

 strongly interacting
‘ (little hierarchy)

mass §

EW interacting

solving constraint of correct symmetry
breaking
MSUGRA/CMSSMparameters are
m, M1, A, tanB

13F11H25HAEH



fine tuning is the response of Z mass to the
fundamental parameters “a”

Now what is the “a” ? This idea has been
criticized since it was proposed in ‘88

GUT scale based ( Barbieri et al =)

use GUT scale parameters: m, M1, A is more than 100
The level of tuning also changes #parameters at GUT scale

Weak scale based (Baer et al)

use parameter at weak scale: typically 1/10 less fine
tuned compared with GUT based analysis

... Why should we mind?
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SUSY Confronts | HC

MSUGRA/CMSSM: tan(p) = 30, Ao =-2my, u>0 Status: SUSY 2013
S‘ 1000 C 1 1 I 1 Ill':\l_\l I I ] LI 1 1 I LIN L I I I I I I 1 I I I I 1 _
3 -7 AN e | 95% CL limits.oy.5" not included. -
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— A . — Serv —
=20.1-207 =8Ti
S C j‘ ‘l-:dt 201520710 “-\‘ sgolev - — Expected  0.|epton, 7-10 jets n
- 1 \ we= Observed  arXiv: 1308.1841 _
- \ \ — — Bxpected 0.1 lepton, 3 b-jets -
800 — /SIONG - \ \ wess Observed  ATLAS-CONF-2013-061 —
C \ [ o \ —— Expected  1{.|gpton + jets + MET B
L \ N( TTT e r=i—.L__| == Observed ATLAS-CONF-2013-062 _
o0 B 5 NG00 L] D weSEERLET
C \ 800GeV ~ ~ Expected  2.g3.leptons, 0 - = 3 b-jets
| L wwws Observed  ATLAS-CONF-2013-007 .
600 - —~
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Light SUSY confronts real data
M(SUSY ) > 1.5TeV Mstop~ 650GeV GeV

The bound is model independent

% o7 ATLAS Plreliminary ' _._I Data 2012 '
- ~ : «20.7f" =555 Standard Model (SM) =
| | T I I I T | T T T I I | T T | T I I | | T T T T | I | | T _ mss - W+J91$
% 400 ppl—;ﬁ'* —_— Tt ')Zo — 10° Ey™ > 150 GeV B iV, single top, multijet
0 " 1-lepton channel —Tob 72+ x=0.5 1  F e m =350, m, = 150(Gev] () Z+Jets, VV
—  g35o[ SUS-13-011 BDT analysis 1’ ] = 10* e+t channel
o o 9 — Observed .
sz 300 - ,}‘\i' //&,;;' ,}‘“ - - - Expected _f
- S SR -
250 [— Q& @R =
200 F- =
- . =
150 — 2
= ] ©
100 — — (]
- S 0.5 |- 3
>0 n = W-CR 6090  90-120  120-140 _ >140
0 ': : ceoc b v v b e [ - m]’ [GeV] il
200 300 400 500 600 700 800 Al
m; [GeV. stop 350GeV and LSP 150GeV
exclude up to the region There are no region with ¢
where mstop~mLSP+mt +30GeV S/N>0.1 in this plot!

The limit relys on understanding of background

| am not sure | take this [imit but it is still nice to see such efforts
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background estimation powered by “Matching”  §

Parton shower
resum soft and collinear component

Hard Process l

proton
— — Iii

.

i

!!'

Hard ISR cannot be accounted by PS h
approximation. ME used \ ii

but “overlap” near boundary |4
“Matching” remove the overlap |
The inclusion of additional emission to the !iJ
SM process is important when MLM H

we rely on the cut on Pr3, P14

and inclusive quantity like Hr, Meff... CKKW 2001 “l
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o(ZN*(—=TT) += Ngy) [PD]

MC/Data MC/Data NLO/Data O

theory reproducing
multijet distribution

10° T T T
ATLAS ZIy*(— I')+jets (I=eu)
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Mind of SUSY theorists

Light Supersymmetry Heavy Supersymmery

Higgs mass

. FCNC | and MSSM
muon g-2 nggs Br
little hierarchy problem

E |

A high scale, split SUSY
extra
degene | matter
SUS

Lot’s of Model building activity so far

R parity
violation
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SUSY spectrum on market
MSUGRA heavy scalar light higgsino or stop

classic AM for naturalness degenerate
(. .
Small cross section
top background KKLT
. »
F—
stop2 - %
stopT very hard to | stop2 e

access — | LC?

stop
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for light gluino or stop case 50 discovery does not
exceed 10TeV even for 100TeV LHC..
? Fwmew 11, | -
& 20— 5o0di —
S iI1Sc():(§)¥:\r/3,/3000fb‘1 i 8enera SUSY
- —— 33 TeV, 3000 b’ ] .
15~ —— 14 TeV, 3000 fb” — dlscovery
[ —— 14 TeV, 300 fb” ]
o ; “  around 15TeV LORD OF THE RINGS
- ] Physicists are discussing a proton-colliding machi
53_ B that would dwarf the energy of its predecessors.
. Very Large Hadron Collider (suggested)
oL T S B R 100 km .
0 5 10 15 rZTE[TeV] 100 TeV* -
<> 8 — - g I ht | : Large Hadron Collider
© | pp—Gg— tiy ttx ' 27 km
l:ﬁ'xr 5odiscover;/ 1 ; Ig g uino 14 TeV
Sl ki e 1 discovery up to Tevatron (closed) |
— | 6.5TeV St W G
4r T : : A
: *TeV, teraelectronvolt e
o} ] = .
j E =t t T
| | To O] 5odiscovery '. Nature News
O0 5 2 6 8 e | —— 100Tev, 140 PU, 3000 fE" |
m; [TeV] T atov 40, o0 - 12 Nov 2013
4 = 14TeV, 50 PU, 300 b" .
from 1310.0077 A _
| stop up to 5.5TeV
Cohen et al
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2. jets with
“QCD tech”
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Jet substructure
Technology to find boosted heavy object in a jet

see—cy For heavier particle search we expect
high Pt top, W, Z
32-2:""';""|""|""|""|'"'|""|""|""|': 550
| O(10)GeV T 2 pATLAS Preliminary-Simulation!
l Q& g;lg: Pythia Z’— ’[f,t—}WbE 200
'170GeV b | E
E 1-2; 1 —(150
1__ —

osted t, W, Z maybe identif?esd:‘
as a single jet 0.6p
but there are structures inside 0-4F

O(10)Ge

=mass drop 0.2 E
_IIIIvIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_
00 “00 200 300 400 500 600 700 800 900
_ CMs,19.7fb",Vs=8Te e LA AL
> [ AE v _
0 140_ + Data ] -
2 120 F [ - ; #.-'.'
- - .W+Jets _ h d . ,‘ o
@ n E adronic fop | =
£ 100f [ z+Jets - candidate )
I.IbJ 30: .Single Top _:
- . R=1.0
so: E m; =197 GeV
a0f - Et = 356 GeV
20F —
D: [T RS R TR TR S TN NN SO S N . Ieptﬂnil: tﬂp
(b) Top Candidate Jet Mass [GeV]
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!!:E
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i
1
THH

Jet substructure
reduce QCD background §

single parton would not create
sub-substructure |

—Mass Drop(identify hard object) h

— Trimming(ignore soft activities)

/ -E‘i - O \ ] i 9
> | \Q o min[(p])?, (p})*] AR o
_ "1‘ o @) h‘t*@___.. (Miet)2 jijp =~ Yeut: 'I

b
hhhhh

Initial jet m [M*® < pgac and Y > Yeut
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a1 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Low mass analysis:
CMS, 19.7fb™, s = 8 TeV

2

e Limits from pdf fit

----- Expected (95% CL)

N | —— Observed (95% CL)
N — - 7' 1.2% width
I +1c Expected
| #20 Expected

High mass region:

o
IIII| I
/

« Template fit to my; distribution

==

Upper limit on c,. x B(Z' — tt) [pb]

« Combine I+jets and hadronic e
channels -
102 -
- ~
Limits: 0 e
imits: M [ToV]

 Narrow Topcolor Z": m>2.1 (2.1 expected) TeV
« Topcolor Z' with 10% width: m>2.7 (2.6) TeV

« RS Kaluza-Klein gluon: m>2.5(2.4) TeV

« S=0(SM+BSM)/o(SM)

11/24/2013

13F11H25HAEH

<1.2 at 95% CL for mz>1 TeV

PASCOS 2013




Pl Universitiit Hamburg CO m bi n ed Li m its

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Low mass analysis:
CMS, 19.7fb™, s = 8 TeV

e Limi ' g 10°
Limits from pdf fit g E _____ Expectes (5% O
High mass region: _ ousereimnanszoreysosns  CMNIS Top Tagger
2 100 —e— Data ..,
: s : % = [ Non-Top Multijet
« Template fit to m distribution o F B STk o
L 10 s,  —— 2TeVRSKK gluon i
. . . -~ - ® + —— 3 TeV RS KK gluon i
» Combine I+jets and hadronic g " g
channels Goor0g
= - 50_0 1000 1500 2000 3000
Limits: tf Invariant Mass (GeV/c?)
 Narrow Topcolor Z": m>2.1 (2.1 expected) TeV

« Topcolor Z' with 10% width: m>2.7 (2.6) TeV
« RS Kaluza-Klein gluon: m>2.5(2.4) TeV
« S=0(SM+BSM)/o(SM) <1.2 at 95% CL for mz>1 TeV

11/24/2013 PASCOS 2013
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quark and gluon jet substructure

“gluon jet” : more charged tracks and broader than “quark jet”

Quark Gluon Likelihood: ¢/(q + g)
afF ™ aF Af 1
- C - 9
- 50 - B
: * 5 8
3? 40 3 .3E 2
3 3 ! s
o 2f 0 b o 2 5
O ¢ 0 0 ¢t O ¢ a
R|= R AF
: 10 : 2
i i :
) S B AR AR AN BRIV o 1 b bbb Lol g oE S
’ Chazxqged Counit % ’ Chazlgged Counit Chajlgged Counit
pi
. g
Girth : — =7,
et
1€jet T

arXive 1211.7038 Gallicchio and Schwartz
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. )
ATLAS-CONF-2012-138
5 L S e
+ Quark-and gluonnitiated jets have 5 | |\ TEEma
dlﬁerent propertles Dq:) o AN NN _.. ?:)Oﬁg(\e/\i:ﬁffggveev
o L AN T e e
. . — ___ 210 eV<p <260 GeV
 Many search applications for [ c
distinguishing quarks and gluon jets 3 |,

* Hadronically decaying vector bosons

s monojet, d”et searches ) Inl<é)8 @é 7T(;V ....... .............. ...... .............. ........... |
anti- k R=0.4, n &Track Wldth : : : :
+ SUSY searches with high quark jet foﬂas“,”n?ﬂal?i'f?fiﬂ’ﬁti; _________ N\ |
" " " IIIIiIIIIiIIIIiIIIIiIIIIillllillllillllélllli IIII
multiplicity 10°0.90203040506070809 1
* Jet width and number of charged Quark-like Efficiency

tracks provide good discrimination Example: for 50% quark jet efficiency,

we can reject 90% gluon jets

o More discriminant at higher pTs
need careful validation of the data

Nhan Tran Lepton-Photon 2013
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Where to apply? a thought on
“degenerate SUSYcase “

~~ \ ~ ~0
gg production; g— q q X1

;‘ B I I I | I I I | I I I | I I I | I I I | I |
& 1400 —ATLAS Preliminary = Observed limit (+1655) ]
o'g;g - . ~—== Expected limit (+10,,) -
1200 —J Ldt=203fb", Vs=8TeV ] Observed limit (4.7 o', 7 TeV
_ O-lepton combined ... Expected limit (4.7 fb™", 7 TeV) —
1000 [— —
- only 600GeV for degenerate
800 [— —
00 - g / limit for large mass
w00 S TN 1 difference— 1400 GeV
200 ; ' - e =
?I | | | | | | | | | | | | | I‘-l | | | | * | -;\' | | z
200 400 600 800 1000 1200 1400
m; [GeV]

Related with the question “how light the SUSY particle could be”

® for degenerate region, searches are based on ISR jets. Main
background is Z+multijet.
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R R T

ISR difference |

|
highst pt jet “width” for pT between 75GeV ~125GeV "i
|

T highg_w il
highgl_ W highq_w i
900 '\E/Intries 5177 7000 - Entries 31792 i
= ean 0.2597 o ! Mean 0.173 i
nil n '
800 RMS _ 0.1415 s~ ! RMS  0.1414 i
= - - - 1
700 C I
- L 1
= 5000 | \ |
s00f- gluon S |
5005_ 'b M 4000:—: qL:Jark i
: contribution ! ! i
400~ 3000~ : |
300 - : ?
- 2000 ! '
200 - 8' uon '
bl VT L, 10001 contribution
= 0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

2gluino + up to 3jets 2 b )

in the central region |[Enhancement of S/N by factor 2

with-ntra ct ptcut ct_pt_h

CLpLh 40 Entries 9060 |,
Mean x 0.1848

40 Entries 1449

Il Mean x 0.247
U 35 Mean y 1017 35 Meany 7.642
S I RMSXx  0.1266 Avs s CacatP
. 30 RMSy 4.386 30 :
E 50
S 25 - 25 —1400 |
, =t " | |
Co {300 |
q) 15 i 15 :'
£O 200 ;
i
|
10
=y 5 5 II
= il
02 03 04 05 06 g.a OF] 0.9 0 0 |i|
i
jet wiat I
11
lll
il

13F11H25HAEH



3.. Composite Models

® Technicolor model... Scale up of chiral symmetry breaking .
in QCD. Higgs as pion ( bound state of some strong .
interaction) conflicts with EW precision data |

® The Little Higgs model—=Composite Higgs model *;!ii

® Higgs as the pNGB of some global symmetry breaking.
Typically SO(5)/SO(4), either elementary or composite i%:!

® The theory still needs “top partners”, because top must
be in a representation of the global symmetry

® UV completion 2 RS model  Holography I.
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Physics

® Top partners from SU(2)ix SU(2)r symmetry

e T, Tr mixed with t; tg in standard model sector
then decay into bW, tZ, tH.

® Ol(Q=5/3), O|(2/3), Ol(-1/3) Agashe, Contino Pomarol

® RS model --gluon KK (production: coupling to the 1st
generation quark, dominantly decays into ttbar)

® Radiative correction to Higgs decay

® Being now constrained by LHC

13F11H25HAEH
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10 ‘ b
N, = 550GeV

02

00+,

.....

L 1| R L e | R s T R R R R i IR
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PR FYSTERY

top partner study at LHC

1lepton + >1bjet (o
 final state

Ldt=15fb 1
mp, = 120 GeV
Vs =8 TeV

00

1
02

04

Br(t, — bW)

Branchin

R
08

1b forb W

10+

Harigaya , Matsumoto, Nojiri, Tobioka PRD86(2012) 015005

3b tar-thtinal

vvvvvvvvvvvvvvvv

myp = 750 GeV

vvvvv

1 lepton + >3 b jets

L£dt=15fb!
my = 120 GeV
Vs =8 TeV

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Br(ip — bW)

-0.05

0.05

0.10

Sil’lgt R \

Lo = —myUrUr — y3Qsr Husr — yyQsr HUg —

0.15

(A/A) Upusg|H|?

sensitive to composit |

.



VLQ T?2 : all channels

The limits are calculated with a likelihood fit
=+ based on the number expected and observed for the multilepton channels
=+ based on the BDT discribution for the lepton+jets channels

A scan was done with BR to tW, bZ, bH varying with step of 0.1:

For BR(B—tW)=50%
BR(B—tZ2)=25%

CMS preliminary {s=8TeV 19.6 fb! CMS preliminary {s=8TeV 19.6 fb!
BR(B—tH)=25% BR(bW) BR(bW)
1 S I g
CMS preliminary Vs=8 TeV 19.6 fb’! IBOD & IBOO S
= F ) =
= =#- observed 95% C.L. = =1
o 1 :_..:ixpect_ed 95% C.L. —750 ; —1750 ;
|£1G expected = P~
. ”.+20 expected 9‘ E';
107 = ™ o — 700 ; —700 =
02k —650 E 650 E
- =3 Z
10° | —600 § —600 §
R T | L L 1 | 1 1 1 1 1 L 1 1 1 | - L 3
600 800 1000 1200 1400 1 1 = 1 1 =
M; [GeV] BR(tZ) BR(tH) BR(tZ) BR(tH)
— T
. Expected limits ] Observed limits
Observed limit: 696 GeV | =Xpected mi _ B—

Masses below 687-782 GeV are excluded on 95% CL
depending on combination of branching fractions.

real data(CMS)
see also ATLAS talk on Nov 24th

Eric Chabert (IPHC) - CMS experiment - 21/11/2013 - PASCOS
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The $ar matters
< | in the bulk
=

e Randall-Sundrum model (Composite Higgs model)

TR

extra yukawa contribution

5D wavefunction

light heavy

IR brane: breaking of
Conformal invariance

higgs

the IR brane

‘M,;) KKgauge (TeV)

n Holography(ADS/CFT) expectation/imagination

anomalous dimension to
generate Yukawa coupling

5th dimention size -> radion, mix with Higgs boson

precision physics requires A~10TeV
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HL-LHC and Higgs Boson

o | _ ['Y/T'z ~2.9% error from HL-LHC phase?2
ATLAS Preliminary (Simulation)

(s = 14 TeV: |Ldt=300 o' ; [Ldt=3000 fb" D
[Ldt=300 fo™' extrapolated from 7+8 TeV ILC error of H width
r ;r T 1 T 1 | E|E T | T 1 | I 2.70/0(Lum up 0.50/0) at SOOGe\/,

O(a few %) Br for yy, and gg, loop physics

correction to gg— h production
Carena et al JHEP 1208(2012)156

Yukawa of KK

Ry

46 8 10 12 14
0 02 04 06 08 M [154)
mass of gluon KK




® Deviation of higgs couplings in each channels in radion-higgs
miixng model and sensitivity in future colliders
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Kubota and Nojiri in progress

We can observe deviations even strong constraint at the ILC
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power of LHC~Luminosity

This is something
we have not seen before
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L(mu)-L(tau) Z” modelfor a, deviation
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improve SM fit a bit
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Figure 4: The total x? in the (mz», gz») plane.
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dark matter and Baryon number

® Dark matter and Baryon may be related in asymmetric

dark matter model 30790 . 5IC
M= 0.0 O

¢d: interaction to kill symmetric component  mix with Higgs boson !

L=1iX(@ —my)x+ %(%M%’ - mZ¢”) — kxx¢' = V(H, ¢,

Ibe, Matsumoto, Yanagida Phys. Lett B708(2012)112
from CMS 2 from CMS 4u
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Figure 3: o(g99 — ¢) x Br (¢ — pu) as a function of the mediator mass. The shaded 05 q 1.5 2 25 3 3.5
region is excluded by the CMS di-muon resonance search at 7 TeV LHC (with 1.3 b~ m¢(GeV)

data). The black and blue curves correspond to sin? a = 1 and 0.1 respectively.

Bhattacherjee Matsumoto, Mukhopadhyay Nojiri
JHEP10(2013)032 arXiv 1306.5878
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1307.5248 Baer et al for Snowmass
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Figure 7: Exclusion reach for electroweakinos at the ILC studied with fast simulation. Left: the case of Bino
LSP. Right: the case of Higgsino LSP. The shaded region (yellow) is the expected exclusion reach at 95%
confidence level.




13F11H25HAEH

conclusion

Existing BSM starts being constrained. Extended models are
not so simple-- if they are correct answer, why?

The success of LHC is based on QCD/MC technology

after 13TeV run, there will be HL-LHC run. With low
threshold of leptons, we study EW sector of new physics
strongly.

ILC, if can be build, will allow us to study it further.



