e oy S i

04 7 Arhtesd TV A o L a1 98e s |- P e R N T T T Ty o Ln MAT TN 8 A L 140004 £ 904 2 Basbe S peu At 10 ¢
A B :‘"“'f"—“‘f*‘"f“f““‘"‘*f"“j.“"ff‘."'f“f"“_“‘f“"f““!"’““"‘f"_"'"“l“""““f““"f"““

- Footprintof
BSI\/\ Higgs sector

Mlhoko NO]II‘I (KEK &IPMU)
based on work with
Matou Endo, Takeo Morm
(Tokyo University ) |
‘and work with

v leohisa Kubota(KEK)



I T A e A1 e T L e M L A M R R T R R A T N e

- The 95

' (black) 4

starting soon
LHC at 13TeV toward HL-LHC ¢

ml

i{]l

_ §§product|on g —>Iqqxl —— ilru

g 2500:— ATLAS Simulation Preliminary ,..vv*”“"‘”%kg=1°°/° - : ||i

N A o : Exclude gluino mass up to 3TeV and L

2000 — ATLAS 20.3 b, s = 8 TeV, 95% CL ] !I

Lz |  degenerate case LSP mass up to 1.5TeV |

1500 Lo o s s 7 !!||

- : it

: 0 i scalar top up to 1.4TeV :

500 3 y . Elh!

: L] | !qi

0 I1;

500 1000 1500 2000 2500 m300(é ° . ii“

G discovery potential of stop .

— —Future prospects ~ 1309.1514 |

%1 000 " ATLAS Simulation Preliminary 3 ir!!

3 900F - = il

= Fs=14TeV 300 1 (Soma0) 0%% L owelusion T . i : i

& 800F” ~300 (72140 9% el metusion Collider | Energy | Luminosity | Cross Section Mass 'H|

7 — EATLAS 8 TeV (1-lepton): 95% CL obs. limit] !l

6222_ DATLAS 8 TeV (0-lepton): 95% CL obs. I|mit_§ LHC8 8 Tev 205 fb—l 10 fb 650 Gev iii:

5005—0 and 1-lepton combined _:::‘-.'.‘.‘.‘_‘:,, '-.,",‘ _E T ELE 14 TeV 300 fb_l 3-0:1h 1.0 GeV iill

400F- ; i3 HL LHC | 14 TeV A SHE e 1.2 TeV |8

300F- 1 HE LHC | 33 TeV Jeab= 91 ab 3.0 TeV |
200k g E VERE= 12100 TeV Bl 200 ab S TeV

100F- =

0: L = L] | ) - lil

200 400600 800 1000 120%&1@1¢G$V] The first line gives the current bound on stops from the LHC [7]. The ":'

the estimated 50 discovery reach in stop pair production cross section and mass ‘

7% CL exclusion limits (dashed) and So d1scovery be@l%?s%lﬁs)ﬂﬁdﬁﬁ) fﬁm%red) and h'

B - 0 e asSUaing i0_of 100% he ::::;;



G A s L T i A S st e G M s S SRS LHHRTH
Al
i)

If we do not find “anything”
at LHC, HL-LHC

< Should we build e+ e- collider?
< New channel: Higgs production and decay.

<= How much we can learn by looking into
Higgs sector in SUSY, MCHM, ....

<= New: CCB constraint and Higgs decays




SUSY Higgs sector

my, = 125 GeV

m;=173.2 +0.9 GeV
tan 8 = 50

<= Type Il model s PR —

= SUSY: 4point Higgs coupling~ gauge
coupling |

4000+

m; [GeV]

< Radiative correction from top sector o | &
Higgs mass <= SUSY scale and stop 2000“*“*‘\ 2. * |

== Okada Yamaguchi Yanagida
mIXlng Ellis Ridolfi Zwirner
Haber Hempfling (1991)

—4 -2 0 2 4
4 m2 2 2 Xy /g
5mi ~ gmt log sl X_ i Xt 7 from Gilly Elor et al 1206.5301
27202 m;  mg 1=
up to 4 solutions for given
— A
e stop mass

Ieading Higgs mass ~ one loop correction
Y*, X¢* dependent Large correction
(NLO, yukawa and QCD correction)
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Connection to Higgs Sector
Bottom Yukawa coupling in MSSM(At and p)

Non-holomorphic terms in the Yukawa coupling
enhanced by tanf, non-decoupling

Large correction to the bottom Yuke_lzvva coupling if p<0
and A, large, but suppressed by m,  decoupling

y 5 Hall Rattazzi Sarid (93)
effective l—agranglan Hempfling, Carena Olechowski Pokorski(94)

= Lo =1 GijBRHle‘i Yt GiijQiLHZ + Ay trQTHY + hec,

effective Yukawa sina) 1— Apcotacot B sy Carena Mrenna Wagner
9nbb = — (cosﬂ) 2 Ynib
; t — Ay cot
— [sin(9 - 0) - ZREZ 5 )| o0,

sign of Ab ~sign of p makes difference

yb(MSSM) V2my(Msusy)
Yo(Msusy ) == veos (1 + Ay)

20, 2
AR [3 Mg,ul(m ms M2)—|— 12 2,LL@( ?1 mi,;ﬁ)] tan (3,




Higgs branch and b-> s transition

H—bb non decoupling for fixed mA

L1 = (yy + Ayp 1)brbr HY + (Ayp2)brbr HS* + h.c.

| | |
| : | H, H;
b, ,"\\ b tr ,’k\ tr br R ,"\\\ b1
// \\ // \\ /
\ \ _»#,96»._»_

X ~ a ~ b 0 b
bL g bR bL H2 Hl bR L X R
ERETLNST WU NNy 3

L= 1 + 7+ h.c

UVSM

Babu Kolda... ysing SuperlSO 3.4 (Mahmoudi)
b—s transition oo

Lo gmy Arc
H; TV 2m cos (1 4+ Ap)(1+ Ap)

Vi Vi (5pbr) (H +iA) H; H;

§

Yy 2 2 3 3 i i
Astan 8 1 . b, ,/ N b br.r ,” '\ brL
tr 7 N tr 16 ankal o ( 2 M ) " \\R / \\
y N / \ / \
/ —— ——
S S S, f bp SL 10 br
- Hy, H, br

minimal non minimimal
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CCB vacuum

<= Higgs-stop-sbottom potential can have minimum deeper than EW vacuum. ...
Casas, Lleyda and Munoz ‘96)

< Sufficiently small transition rate needed (Coleman, Callan Coleman '77)

<= Previously AHutitr term is considered but pHgt tr term can be same order
—upper bound to the mu parameter for given squark mass and mA.

soft = =
=d 1 1 1 AR s
small A solution Large A solution

m5=mu_5TeV tanp=20, PS

me=my=sTev, tanp=20,pL  CONtraint on !

15 _'|""| """"""""""""""

excluded

15 1

numerical calculation
cosmoTransition 2.0al

[TeV]

W

The CCB vacuum is studied in
Camrgo-Molina et 1309.7212
Chowdhury et al 1310.1932
Blinov et al 1310.4174
in different constraint.
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Small At>0

M3 =-p=m(sfermion)

Mgfermi

=5TeV, PS
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CCB vacuum constraint kill significant parameter space where
Al'(h—bb) is large
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full parameter scan

taken Universal because we are using SuperISO

me = Mg = Ms = 3,4, and 5TeV, does not matter except h—gg

mp = mj = mg = max(mg, |1|),

Ay = AN AN ABS) - 4(PL) “scan over all four At solution

)

0.8TeV <my < 61T1eV,
—2 < p/m== =05 or 0.5 = plms = 2
5 < tan 8 < 50.

Extensive Modification of FeynHiggs to assure decoupling limit
including some bug fix+choice of wave function renormalization

(at p? =0) in higgs decay.
Our calculate include re-summation, higher order QCD
(Hope this will be one of official options of FeynHiggs)




acce551b| I ity to heavy higgs parameters
beyond mA>2000GeV, it is not easy to access deviation Endo Moroi, MMN
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accessibility to heavy higgs parameters
beyond mA>2000GeYV, it is not easy to access deviation Endo Moroi, MMN
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If no deeper minimum required
B deca
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Upper limit of deviations
and large At solutions
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Summary

<= MSSM Higgs sector is more constrained after Higgs discovery.
Mh=fixed A

< control parameter A | —At, |,

< B decay and CCB contraint ( fragile)
<+ Bs— U sensitive for non-universal squark mass

< CCB vacua —tree level calculation. Inclusion of leading
SUSY QCD correction is important.

\/
4

Need to pay attention if public packages are doing right job in
several TeV range, and O(1%) deviation.



Minimal Composite Higgs Model
< Higgs boson from SO(5)—=SO(4)

<= Higgs boson~ PNG boson. Mass of the Higgs boson arise from:
i

HJ
it
i
i
At
Hl'
iH
(4]
{h

correction of elementary sector.
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Origin of Yukawa coupling

Composite state

S 2 two site model
1 B k) 1 —i(Ba+ Xa) first site second site
@bg = ﬁ bt ; wg = ﬁ S , SO(5) L SO(5)r
Z(Tu s Uu) i(Td == Ud)
o o QO

elementary composite

Elementary—CompOSite miXing sector sector
Lo = Yo QS ) Ul + 3 f (T UL,

= J % J
+ yo F Q) Urjwin” + yorf(BR) Ul + hec, /

>

Q11/6{Zu _<> (yorv)? Mmare ™~ \/m
. A
Composite mass 0 U R e~ 08
A ~

my, ~ /M, + (arf)*

T,

G be e 5 1 T 5 A NS T i
‘Cmass =55 _MQuQUQU = MTuTuTu =S MQdeQd MTdeTd +h.c (3. f)? Yarf)? Td mr, ~ /M, + Wirf)® ':(:l
\ 4
= . . . - . \7_5 T
= Higgs boson does not have direct hff coupling QT e = 2 R maye = M,
top my
<= Composite fermions mix to the elementary sector bottom my

inducing Yukawa coupling. (top partner , bottom
partners) = corrections




Higgs to Fermion...

: . Kubota Nojiri t
top and bottom Yukawa coupling correction Lol oIt dppedr

5 5
v, =0l 2 : [ 1 1 - S
RO f tan(2v/f) = 22273 ST VS 2|2 (e "/ Yurl”)

= 1 o 1 |y5 |2/2 — f2|y2R|2 I 5= 1 |y2L|2 (5 |y2L|2 ]
R 2 (M2 MR MR~ (M R0
4 1 U4q ul U4 4

leading terms can be estimated by &
5 representation model

ght 2/ [(1-2&)° /(1-8)] ghbb 2 /[(1-2€)* /(1-&)]

(T(h = t8)/T(h = th)sar) /(1 = 26)*/(1 =€) 1 04(F(h — b0) /T (h = Bb)sag) /(1 - 26)*/(1 =€)
-
1 - 1.02 .

200
1

|IIII|IIII|IIII|II

0.98 150

0.96 i
jeffect of -
3. o t 094— m - 50
N, 10 artner
0. e il Pl FI) [ T R TR R T 0.9 L |-| PR I S R N AN ST SR R SRR | 0
0 2000 4000 6000 8000 10000 ' 20 2000 4000 6000 8000 10000

the lightest top partner mass the lightest bottom partner mass

i A A R s R s e e R R e O




Higgs to Fermion...

: . Kubota Nojiri t
top and bottom Yukawa coupling correction Lol oIt dppedr

5 5
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leading terms can be estimated by &
5 representation model

ght 2/ [(1-2&)° /(1-8)] ghbb 2 /[(1-2€)* /(1-&)]
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LHC vs ILC on acceSSIblllty
Higgs coupling only

Kubota Nojiri to appear

breaking scale f breakmg scale f

- N - ILC ultimate

000 3000 4000 5000 6000 7000 8000 9000 10000 -

the lightest top partner mass the lightest top partner mass |

3000 4000 5000 6000 7000 8000 9000 10000

Direct search at the Hadron Collider

Cross section based estimate
mX~ 21eV at 141eV
mX~/1eV at 100TeV
sigle production mX~12 TeV at 100TeV




top Yukawa coupling ttZ(R) coupling

d(t)

oy thRtR/thRtR

1.15

1.4

1.05

0.95 -

NN NN RN
00512‘}00 300{] 40005000 Eﬂﬂ'ﬂ ?OUDEOUO a000 10000 0.4a NN ENEEEENENE NN NN AN NN

the h hteSt to artner mass 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 =
- - the lightest top partner mas§

Relatively large correction to the top quark of order of 5% for both

o(tt/)/o(ttH) at VLHC?
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RS model

<= 5 dim model but 5th ds? =™t er [ O dotde” — re(1 +2F(a, 9))de’

dimension is not flat. L}warp factor .'
radion

< All mass parameters are at Planck light heavy
scale but Higgs boson on IR brane
has light mass. warp factor hisize

, ]
< matter and gauge boson in the bulk. (M) KK gauge  (TeV)

bulk mass-> wave function profile

<= Large KK corrections to loop process because KK modes
live near IR brane. negative correction to gg—h

< Radion Higgs mixing : enhancement of yy gg final state
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maximal deviation of the
couplings
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FIG. 4: The maximal deviations of d(A), where d(A) is (a) d(v) > 0, (b) d(g), (c) d(v) and (a)

d(f,W, Z) vs Ag at DRy, (yy) = 0.7,0.8,0.9, 1.0.




