Do we need a LC to find
BSM Physics?
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Status LHC results -- in short

* Discovery of a SM-like Higgs ‘The properties of the Higgs
boson, to be discovered at the
around m;~125 GeV LHC, must be thoroughly
_ Is an absolute revolution! investigated in a good condition
at the ILC’
— Completely new type (K. Kawagoe)

— Still not clear whether a pure SM-Higgs

* Limits in SUSY coloured sector (approx.):
- mg>700 GeV,mq>800 GeV
— 34 generation: much weaker

 LimitsonZ’, W’: ~2 TeV
« And more limits on ED, exotics, 4" generation etc.
Physics left for a Linear Collider? Which energy steps?
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Status LC -- in short "Vsics
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Status LC -- in short  "oljgj

« |LC newsline, 7.2.13:

On Friday, 18 January, Hakubun Shimomura, Japan’s Minister of MEXT (Ministry of
Education, Culture, Sports, Science and Technology), the funding agency for Japan’s
high-energy physics programme, stated Japan'’s intention to invite the ILC [...]
Shimomura said [...] | wish to carry forward to cooperate with countries concerned, and
hopefully to invite it to Japan,” . Japanese government would start a preparation to start
discussion, including the distribution of the construction cost, with countries concerned
in the first half of 2013.

» B. Foster, PECFA CERN 11/12:

* Japanese HEP community proposes to host ILC
based on the “staging scenario” to the Japanese

Government.
o ILC starts as a 250GeV Higgs factory, and will evolve  * It is assumed that one half of the cost of th
to a 500GeV machine. 500GeV machine is to be covered by Japanese
o Technical extendability to 1TeV is to be preserved. Government. However, the share has to be

referred to inter-governmental negotiation.

Looks absolutely striking ..... So back to physics!
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Impact from (still) LHC non-findings

+ SUSY: still strongly motivated and beautiful, but

— so far, nothing, only rather heavy exclusion limits in the coloured
sector

— Constrained models (MSUGRA, CMSSM, Simpl. M) under tension!
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* Further hints from theory?
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Further SUSY facts

* Low energy experiments, (g-2),;
— favour rather low SUSY masses in electroweak sector:

om,(N.P.)
m,,

ja,(N.P.) = O(C) (%)2 C—

« C very model dependent, SUSY/ED ~ O(a/4r ...)

— LHC results prefer rather heavy coloured sector in 1t +2nd
generation

— Way out: rather simple

 Decouple uncoloured and coloured sector and/or take hybrid
models of SUSY breaking

 Just leave out the constrained minimal models, that’s al

Remember: Minimal SUSY contains 105 new parameter... why should
nature be too simple ?
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Example: New TDR benchmarks
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The goal of LC phenomenology: fixing the structure of the underlying
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Why ‘should’ light SUSY be preferred?

* Minimization of 1-loop Higgs Potential:

M2 -m?{d +3d - [rni!:Lc + Y% tan? 3
2 tan? 3 — 1

—p* = —(mf, +Tu) —

* To keep EWFT ~ 3%:
] Papucci,Ruderman,Weiler 2011
— rather small p (~200 GeV) required Baer,Barger,Huang, Tata, 2012
— ‘naturalness’

— Several ‘natural’ scenarios: light stops, light higgsinos or light
sleptons
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MSSM interpretation of light Higgs

 Preferred values for stop masses from fits :
.\ Bechtle, Heinemeyer,Stal,Stefaniak,Weiglein,Zeune ‘12
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production Status: December 2012

* M;~125 GeV requires 8w T IR
large stop mixing ~ large X, " =% .
— Rather large X;=A.-ji cot 8
 But m, can still be light !

Les Rencontres de La Thuile 2/13 Gudrid Moortgat-Pick 9



Start with stops: features at a LC

* With polarized beams: A applicable

---------------

0.35 4

*Cint PE_ PE-I- &?n.fl ACOS 95

100~ 09 0 1.1% 23% 0.3 |
500b~Y =09 0 05% 11% '
100 b~ 0.9 40.6 0.8% 149 %ﬂﬁ

500~ F0.0 +0.60.4% 77

* Mixing angle Acos6,<1% .

- If A Xix1%: Am, =10.2GeV

—> matches long-term LHC precision
- If A Xix10%: Am =11.5GeV

—> Too big to check the consistency of the model!
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Next: Higgsino-like scenarios

Can be embedded in hybrid gauge-gravity mediation

— ‘M’ driven by gauge-mediation Bruemmer,List, GMP,

— ‘i’ driven by gravity mediation Rolblecki,Sert
* Two examples as ‘prototypes’ under study
Seen my, = 124-Parameter: Scen my, = 127-Parameter:
M i U] | lan i illr Irr v 11r ” 1 tanf | g ep v

1607 | 4361 | 165.8 | 45 | 3652 | 1685 | 3651 0200 | 9514.5 | 167.15 | 48 | T30 | 4507 | 7720

Higgsino masses: m,, ~165GeV,m,, ~167 GeV,m,, ~166 GeV

Common feature: Am(,+1.,01)~1 GeV
— Challenges: mass degeneration, many m’s, soft y, E
— How to resolve such scenarios?

from decay

miss
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Apply ISR method

* Accessible processes: ete- » x"lx"z, x+lx'1
— Decays: X, mainly hadronic, XOZ mainly in y’s
« Measure masses via ISR method:

— Take only events with hard y from ISR
— Get also rid of SM background two photons

+ Measure process at two energies, Vs=350 and 500 GeV

— Use recoil mass and f Berggren, List, Sert

semihadronic channel s S il

Mean value of fit gives the AM(¥; ,ﬂ) ::: I — :

AM™* = 0.77 GeV o E

AM" ~ 0.80 + 0.02 GeV )3 :
—>Determine MSSM parameters *  ° I
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LC: Parameters from e*e—y" ,x (@NLO

* |n the past: parameter determination at tree level

— Extracted from ¢ | ; polarized cross sections and masses
my , and my°, with 500 fb-!

SUSY Parameters Mass Predictions
M, My T tan 3 m_+ ™m0 ™m0

99.1 0.2 192706 352889 103x15 | 3788 7.8 3592 8.6 37821 8.1

* However: Loop effects known to be relevant

— Sensitivity to parameters ooaf =
arising from loops, e.g. ., 00
=< [0.00¢f
stop-sector —0.02f
Bharucha, Kalinowski, Moortgat-Pick, ~0.04f H,‘H_"“t -------- o]
1000 1500 2000 2500 3000

Rolbiecki, Weiglein 2012
m /GeV

* Now: Strategies for parameter determination still applicable?
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LC: Parameters from e*e—»y" ,xy (@NLO
+ Strategy: Use NLO corrected masses and ¢ | at \s=350,500

— Use in addition Acg

— Fit of M,, M,, p, tanp and stop sector mt,, mt, and cos6;

— Compare mass accuracy from

* Threshold scans
« Continuum measurement

Bharucha, Kalinowski, Moortgat-Pick,
Rolbiecki, Weiglein 2012

Parameter Threshold fit Continuum fit
M, 12540.3  (£0.7) 12540.6 (£1.2)
Mo 2504-0.6 (+1.3) 250416 (+3)

I 180+0.4 (+0.8) 180+0.7 (£1.3)
tan 3 10+0.5 (£1) 101.3 (£2.6)
i 150024 (50 150020 (240)
g, 100F150 (e limicy —

M, S00FYT0  (Yaso)  BOORSSS (G Em)

—> Relevance of threshold scans and sensitivity to heavy masses

Impact also on dark matter prediction:

— These uncertainties of the NLO corrected parameters cause 5%
uncertainty in DM prediction ( total uncertainty = 10% )
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Challenge: MSSM vs NMSSM at LHC+LC?

* NMSSM: Higgs singlet allows more freedom ...
— Choose tricky scenario with mh~124 GeV

but singlet as 2nd lightest Higgs and Hesselbach Franke Fraas, GMP ‘05,
M1~ 370GeV. M2~ 150 GeV. Levermann, List, Hartin,Porto, GMP
u~360 GeV, tanf~9,x~900 GeV Mgk oV

— similar rates and masses
— pretty ‘MSSM-like’ phenomenology

* How to distinguish the model?
— First hints maybe from BR(y" _>Sx° )
— Exploit gaugino sector: e
parameter determination, prediction 't .|
of heavier states Gaugino component of !

— Model inconsistency clarifies the model !
Les Rencontres de La Thuile 2/13 Gudrid Moortgat-Pick 15
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What if nothing else than H is found now?
But the exciting Higgs story has just started....

» Since m,~ free parameter in SM at tree level
~ Crucial relations exist, however, between m,,, m,, and sin®6

— If nothing else appears in the electroweak sector, these
relations have to be urgently checked in order to

a) distinguish between SM and Higgs in BSM models
(remember Amy, ~m? 1)

b) Close the SM picture

» Which strategy should one aim?

— exploit precision observables and check, whether the
measured values fit together at quantum level

- My ,My,0,4 Sin?6.4 und My,

| es Rencontres de La Thuile 2/13 Gudrid Moortgat-Pick 16



Higgs story has just started ...

fifj:. —-—| 0. 23099 + 000053

0.b
A —v 0.23221 + 0.00029
ALE 4 0.23220 + 0.00081
Qe 0.2324 + 0.0012
Average - 0.23153 + 0.000716

102, wiidef 11.8/ 5

= 1
>
=2 ]

~ ]
= 10 = A, 0.027 + 0

] el =1} Se
0.23 O 2I34

LEP:
sin20_(A.5")= 0.23221%0.00029
SLC:
sin20 (A, )= 0.230980.00026

World average:
sin20_; = 0.23153%0.00016

* Uncertainties from input parameters: Am;, Aay ., my,,

* Am,=2.1 MeV.

« Aa,~10 (5 future) x 10-:

* Am,~1 GeV (Tevatron/LHC):
* Am,,,~0.1 GeV (ILC):

Heinemeyer, Weiglein
Asin?0 .Pa2~1.4x10°
Asin?0 P22~3.6 (1.8 future )x10-°
Asin?@ 4Pa2~3x10-°
Asin?0 Pa2~0.3x10"°
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Higgs story has just started ...

00029

10026

Weiglein

)-5

Il‘-.fja — O o anao 4 0 Ooe=
* But such a precision requires Am,, =0.1 GeV
AL’
A 16 .
—E [Beneke, Kiyo, Schuller 08]
pverad 14 B8 NNLO
10 4 1.2 NNNLO ]
= | Important shift due to
= | %08 non-logarithmic NNNLO
S terms
0 0.4 u=(25-80)GeV \/
‘ . - ‘ ‘ . $=350
349 350 351 352 353 354
Unce ~ Gely
.| < LC: Peak position remains stable: m=100 MeV
. estimate still valid!
.| * However: dedicated threshold scan required!
¢ -ﬂrwm,- HU'I'I'I_UEﬂ-_U'I'W\-I'U
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To close the story... GigaZ Vs=9; Gey

* Measure sin?0 via A  with high precision: Asin6=1.3 10

020 perimental errors 68% oLt || 02330 L perimental errors 68% cL:
- Mw from LEP/T evatronlLﬂC_\ - MW from LEP/Tevatron/LHC
0.2325 :—m‘-165 175 Gev ’/ \\ - <«— LEP Value 0.2325 | m, = 185 .. 175 GeV —
ozanoh fmen - disfavours both, .- ;
> SM+MSSM &
‘5 0.2315— — ‘& 0.2315 B —
C g
0.2310 - 0.2310 {, \= -
B B \\ /I A, (SLD)
0.2305 | fnh;sm - 0.2305 ﬁ;sm - L -
L both models ] L both models
0'230807.2‘ T 86.3‘ o ‘BC‘l.4I e Btll.s‘ T 3(;.6 0'23(3807.2 I 30|.3I e 8(;.4 e 86.5‘ T 8(;.6
M, [GeV] O permental errors 68% oL | | M,, [GeV]
B MW from LEP/Tevatron/LHC T
0.2325 —m, =165 .. 175 GeV ]
World average — oF ] SLD value
happy with both! =~ disfavours SM
% 0.2315 — SLD + LEP -
Central value has 1 GigaZ
large impact ! | resiciont
— 8(‘.".3 — IM I B?é IV] ‘ 80‘.5 — 80.6 p ’
W e
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What else could we learn? Vs=93 ¢, ,

Assume only Higgs@LHC but no hints for SUSY:

— Really SM?
— Help from sin?0 ?

If GigaZ precision:
—- i.e. Amy,;=0.1 GeV...
— Deviations measurable

sin%0, can be the
crucial quantity to
outline the scale!
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In 20 years time......we could tell a story

* Once upon a time -it was JuIy 4ih—
nggsmo

W@ -

Higgs?

Events /(0.2)

Let’sdo it!

Gudrid Moortgat-Pick
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Distinction of mass degenerated ew’inos

 Exploiting ‘particle flow’ at the LC:

e

GHUQEII'IEIZ;;]I"IHSSESZ EC‘ Elt ED
(Spheno) 115.7 12165 216.7
(mass degenerate)

 Strategy (see LOI):

= determine M§=, and M %%, from the

energy spectrum of W/ Z
candidates

= separate ¥,~and ¥.° based on
reconstructed dijet masses:

X%, x* separated!
— evenin fully
hadronic mode
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R-parity violation

Much lower mass bounds in such models:

BRPY MSUGRA: tanp = 10, .-"-3: 0, p=-0

RPV often leads to displaced Fusof "

vertl-ces . . 350 _E'—:;:\:;jtlih ::,'_,_' -- — | 3

Dedicated simulations alsoatLC ...~ :
N e

m-:; fiizt Ii?::ts ziu b;;:f mi?JG:: fr-:: LI—T E:U N
Since ¥ and v mix:
— angle 6,; measurable

very precise at LC
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