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Introduction

* The signal strength data of 125GeV Higgs boson from
ICHEP2014 (summer 2014):

ATLAS-CONF-2014-009 CMS PAS HIG-14-009
ATLAS Prelim. |29 = Total uncertain -1 -1
= 1255 Gov o3z ne- + 16 0N ty 19.7fb (8 TeV)+ 5.1fb (7 TeV)
_ o + ~
. = ﬁ{neor?r} —— Combined CMS m,, = 125 GeV
o L0 |15 : —— pu=100+013 Prelimi
p=15770215% N refminary
H—ZZ" _"‘Lf'1 g0 i I H — bb tagged
: -0.35 M i | AT n=093+£049
H— WW" — Ivlv mfg;; i
h= 1002 ' I =N H — t tagged
u=091+027
W.Z H — bb o | H — vy tagged
w=0207 00 | T | p=113+024
H— TT (8 TeV data only) E‘ :_' H WW t q
p=1.49%00 r 1 — agge
—L : - 1L=083+021
H— Z7Z tagged
Combined i T w=100£029
|.L_13UU1E.n_ : = TR N N T T T T R B
LI I [P A s B 0 0.5 15 2
E=7TevLat=4648m" -0.5 0 05 1 15 2 Best fit G’;GSM
E=8TeV |Ldt=203 " Signal strength (u)
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‘ Introduction

* New Higgs boson data presented in ICHEP 2014.
* Higgs to diphoton channel:

ATLAS: 1604 — 1.17+0.27
CMS: 0.787% — 1.12%7
e ATLAS ZZ* increase from 15+04 — 1.667%; .
CMS stays about the same.

* The total x5, /d.0.f for SM now is 16.76/29.
d.o.f = # of data - # of free parameters for model
* P-value of SMis 0.966.
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http://www.flowcentric.com/

* The total x5, /d.0.f for SM now is 16.76/29.
d.o.f = # of data - # of free parameters for model
* P-value of SMis 0.966.

3 SUSY 2015.08.25




‘ Introduction

* New Higgs boson data presented in ICHEP 2014.
* Higgs to diphoton channel:

ATLAS: 1604 — 1.17+0.27
CMS: 0.787% — 1.12%7
e ATLAS ZZ* increase from 15+04 — 1.667%; .
CMS stays about the same.

* The total x5, /d.0.f for SM now is 16.76/29.
d.o.f = # of data - # of free parameters for model
* P-value of SMis 0.966.

n SUSY 2015.08.25




‘ Introduction

* MSSM.
* Direct search from LHC. Stop, sbottom > 600GeV

The ATLAS Collaboration ,arXiv:1407.0583
The CMS Collaborations, arXiv:1503.08037
* EW precision data. W mass
CDF and DO Collaborations ,arXiv:1204.0042
P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak, G. Weiglein, L. Zeune, arXiv:1211.1955
* Low energy observation: B — X, y (Babar, Belle B-

factor, and CLEO) Chargino, charge Higgs,

B, — u"u~ LHCb stop, sbottom.

G. Barenboim, C. Bosch, M.L. Lopez-lbanez, O. Vives ,arXiv:1307.5973
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‘ Higgcision in MSSM: Formalism
I



Formalism

* Model independent Higgcision parameters
(CP conserving):

Scalar Yukawa (H-t-t): C’, C;, C’
Gauge coupling (W or Z): C,

New particle (H*,squarks, stau): AS”,AS?
Invisible decay (light Higgs, neutrolino): AL,

"M es _es s g

C, =1
AS" =AS® =AT',, =0
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Formalism: Yukawa sector

* Higgs sector of MSSM is similar to the Type-ll 2HDM.

K. Cheung, J.S. Lee, PY. Tseng, JHEP01(2014)085
* Threshold correction to down-type Yukawa coupling:

* From sbottom-gluino diagram and stop-Higgsino

diagram:
ol 100,
bzatfﬁ"—-l-h‘»b*R:t*R t*R:b}(?”’J_“‘éiubz
bL7 tL §' bR: tR bL: tL BéFl iliFQ bR: tR

(b)
Apostolos Pilaftsis, arXiv:hep-ph/0207277v4
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Formalism

C, =0,,/sinp

s O,; +x40,; 1
1+ x,tan B )cos S

C’ =0, /cosf

C, =cosf Oﬂi +sin g O¢2i

* For convenient, we will use :

C., tan B, AS7, AS®, x,, AT

tot
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‘ Higgcision in MSSM: Fitting
I



Fitting

* The fitting categorization: C,, tan B, AS”, AS®, &, AT,

e CPC.I1

— CPC.IL2: €% tan g
— CPC.IL3: C%, tan 8, sgq

— CPC.IL4: C%5 tan 3, rg, Al
e CPC.III

— CPC.IIL.3: C%, tan B, ASY
— CPC.IIL.4: C%, tan 3, AS”, ry
— CPC.IILS: C%, tan B, ASY, kg, Al

e CPC.IV

— CPC.IV.4: C5 tan B, ASY, AS?

— CPC.IV.5: C5 tanf, ASY, AS?, &g
— CPC.IV.6: C5 tanfB, ASY, AS?, wg, AT
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Fitting

* The fitting categorization: C,, tan B, AS”, AS®, &, AT,

e CPC.I1

— CPC.IL2| CS, tan 3
— CPC.IL3: C%, tan 3, |rqg

— CPC.IL.4:| C3, tan 3, |xg, Al

e CPC.III

— CPC.IIL.3{ C%, tan B, ASY

— CPC.IIL.4{ C%, tan 3, AS” | ry

— CPC.IIL.5:| C?, tan 8, ASY | ka4, Al

e CPC.IV

— CPC.IV.4:|CS, tan B, ASY, AS?

— CPC.IV.5:|C5, tan 8, ASY, AS? | kg
— CPC.IV.6|C%. tan B, ASY, AS9| kg, AT

8 SUSY 2015.08.25




Fitting
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Fitting
plots of C> — AS’ Ay? <2.3(red 68.3%),
Ay® <5.99(green 95%),
CS Ay? <11.83(blue 99.7%)
u
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plots of C> — AS’ Ay? < 2.3(red 68.3%),
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‘ Implications on the MSSM spectrum
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‘ Implications on the MSSM spectrum

C,, tan 8, AS”, AS®, k,, AT,

* |n previous section,

k,,AS”,AS? areindependent variables.

* In this section, one-loop contribution from SUSY
particles.

MSSM-1: Charginos only Jﬁta)@t: AS”
MSSM-2: Scalar taus 71, 79 : AS”

MSSM-3: Chargino, scalar tau, sbottom, stop:
Ky, AS”, AS®
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MSSM-3. chargino, scalar taus, sbottom, stop

* Squarks mass matrix in the @Lj ij) basis:

A2 —

q

ﬂfég +m; 4+ g MZ(T? — Qqsiy)  hivg(Ar — pRy) /2
hava(Aq — u*R) /2 MZ 4 m? + copMZQq sy,

* Diagonalized by unitary matrix U°"MU°" :diag(msl,msz)
 Contributions to x,;, AS”, AS”:

C’, tanB, A=A =A,
ML3:ME3’ |\/|Q3=|\/|U3=|\/|D3,

M, =1TeV, M, =300 GeV, M, =+
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MSSM-3. chargino, scalar taus, sbottom, stop

* The best-fit point: The major contributionto AS” is
from lighter scalar tau.

Fits Y2 x2/dof  p-value Best-fit values
C°  tanfs Kd ASY AS9  Al'yy,

T

All-SUSY | 15.68 0.682 0.869 1.000 1685 0.002 —-0.846  (0.001 —

Best-fit values
Y C&S C'f Mp, Mg, Mo A f'vfﬁc ‘Mr:fégi Mz, Ms, fbfgl fb‘fgz f'rfgl ﬂfgg

1.000 1.040 1.041 220 1732 —1255 —2218 1203 1310 84.5 303 1640 1828 1717 1748

SM : y* =16.76, y°/dof =0.578, P-value = 0.966
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MSSM-3. chargino, scalar taus, sbottom, stop

* The best-fit point: The major contributionto AS” is
from lighter scalar tau.

Fits Y2 x2/dof  p-value Best-fit values

CS  tanfs Kd AS7 AST Al

All-SUSY | 15.68 0.682 0.869 1.000 1685 0.002 —-0.846  (0.001 —

Best-fit values

Y C&S C'f Mp, Mg, Mo A f'vfﬁc ‘Mr:fégi Mz, Ms, fbfgl fb‘fgz f'rfgl ﬂfgg

1.000 1.040 1.041 220 1732 —1255 —2218 1203 1310|984.5 303|1640 18289 1717 1748

SM : y* =16.76, y°/dof =0.578, P-value = 0.966
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MSSM-3. chargino, scalar taus, sbottom, stop

102
%1 01 =
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2 |
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MSSM-3. chargino, scalar taus, sbottom, stop

* Restrict the lighter chargino and scalar tau mass:

Mili > 300 GeV and M: > 300 GeV

4 ' . - 4
2 2
D D
DO+ ” B0y M
2 2
_4 1 1 i _4 ' 1 L |
0 500 1000 1500 0 500 1000 1500
Msbottom1 (GeV) Mstom (GeV)

* Independent of sbottom and stop mass:
AS’|<0.6 at 68.3% = |AS” /S§,|<0.1

15 | SUSY 2015.08.25




MSSM-3. chargino, scalar taus, sbottom, stop

AS7|<02 = |AS7/S,[|<0.03

* Lighter chargino and scalar tau mass > 500 GeV.

* Lighter sbottom mass > 600 GeV and stop mass > 650
GeV.

16 | SUSY 2015.08.25




‘ Conclusion
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Conclusion

* We have analyzed the relevant parameter space in the
MSSM with respect to the most updated Higgs data.

C,, tan 8, AS”, AS®, k,, AL,

e C;, tan 8 determine the tree-level Yukawa and gauge
couplings.

* The threshold effect of «k; isinsignificant. The invisible
Higgs decay width AL, is relatively large.

SUSY 2015.08.25




Conclusion

* The SUSY particles have one-loop contribute to
AS”, AS®, Kk, .
* Inthesquark case, AS”, AS® are correlated.

* In the MSSM-3 case, the best-fit point prefer a lighter
scalar tau 94.5 GeV.

* The Hyy coupling need to be measured down to 10%
accuracy to probe chargino and scalar tau ~300 GeV.

* Down to 3% accuracy to probe squarks ~ 600 GeV.
Comparable with LHC direct search.

m SUSY 2015.08.25
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‘ Introduction

* MSSM.
* Direct search from LHC. Stop, sbottom > 600GeV

The ATLAS Collaboration ,arXiv:1407.0583

b 4
P v £if; production, T, b 75 /T Wb 3, /T t 7]
- 1 400
t W S ' | ' r I t ' ! '
b % 3 - ATLAS e ObsIVEA limit (=1 5057) s
- = 350 —
- }:[, g chIt _20 b, (5=8 TeV === Expectedlimit(z1c,,)
- 1 ~ -
I .
t " W 300—  1-epton + jets + ET Al limits at 95% CL —
p q - .
250(— e S
b q — P@‘:f ‘&i/
. F
200 € &
b ¢
150
p ) W= v
3 i 100
- -}: il: }1_ i —
e 3 i 50
) ~ o X1 }L[]l Wy
11 A 0
p W q
b q
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Formalism: Higgs sector

* Higgs sector of MSSM is similar to the Type-ll 2HDM.

* The mixing between the mass eigenstates H,, , and

the EW eigenstates ¢,,¢,,a is described by an
orthogonal matrix O,; :

(@Q)L =0, (H,. HZ):
CP even

, with mass ordering M, <M .

* We do not specify which one is the 125 GeV Higgs.

8 AS HEP Seminar 2015.04.24




Formalism: Yukawa sector

* Effective Yukawa coupling:

m
L= =— D T Co, T

HTf i

f=u,d,l MW

* Tree level: tanf=v, /v,
(C?.C7)=(0,/cosp, 0) for f=(l,d)
(ci.ci)=(0, /sinp, 0) for f=u

* Include threshold correction and CP conserving, the
coupling for down-type quarks:

s O¢H+KO|O¢2i 1
* |14k, tan B Jcos B

9 AS HEP Seminar 2015.04.24




Formalism: Yukawa sector

* Threshold correction to down-type Yukawa coupling:

\/Emd 1

n =
© vecosfl+k, tan B

From sbottom-gluino diagram and stop-Higgsino

diagram:
ol 100,
bzatfﬁ"—-l-h‘»b*R:t*R t*R:b}(?”’J_“‘éiubz
bL7 tL §' bR: tR bL: tL BéFl iliFQ bR: tR

(b)
Apostolos Pilaftsis, arXiv:hep-ph/0207277v4
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Formalism: gauge bosons

* Higgs couplings to massive vector bosons:

L., =gM, (CVWWV “41C,—Z Z”}H,

2¢,,

, and

C, =cos/f Og,jli +sin g O¢2i

AS HEP Seminar 2015.04.24
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Formalism: gauge bosons

A Djouadi, Phys.Rept.457 (2008)1-216

* Hyy coupling: ___H__q(Z)
t,b,7 §

aM? 2
Mo = =520 (Mur) (6, - 651) = PP (M) 1 (ebesbuko) |
~ H
scalar N pseudoscalar

CPeven:S” =-8.35C, +1.76Cj +(—0.015+O.017i)CdS + AS”
CPodd:P” =0

* Hgg coupling: Hﬂ
t,b .

CP even:S° =0.688C; +(—0.037+0.050i)C§ + ASY
CPodd:P?=0




Fitting

* SM y&,/d.of is16.76/29, and P-value is 0.966.

Fits x2 x? /dof p-value
C’, tanp CPC.I1.2 16.74 0.620 0.937
+ K, CPC.IL.3 16.74 0.644 0.917
+ Ky, Al CPC.I1.4 16.72 0.669 0.892
CS tanﬂ AS” CPC.II1.8 15.50 0.596 0.947

T ’

+ &, CPC.III.4 15.48 0.619 0.929
+ K, AT, CPC.IIL.5 15.43 0.643 0.907
C’, tan B, AS”, AS? CPC.IV.4 14.85 0.594 0.945
+ K, CPC.IV.5 14.83 0.618 0.926
+ Ky, Al CPC.IV.6| 1483 0.645 0.901

SUSY 2015.08.25




Fitting Ay? <2.3(red 68.3%),
‘ A2 <500(green 95%),

-I—K‘d + Ky, A
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Fitting
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1
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Fitting Ay? < 2.3(red 68.3%),
2 0)’
plots of CS —C/ Ay? <11.83(blue 99.7%)

S
Cu " ,«-‘/’ 1 1 . 0
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&

23 i iy 0 5 z5
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' Fitting A;(z < 2.3(red 68.3%),)

plots of C° —«x, Ay? <11.83(blue 99.7%)
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Fitting Ay? < 2.3(red 68.3%),
2 0)’
plots of C uS — AT, Ay* <11.83(blue 99.7%)
CS 10
tan S NUESEERRRR: i 1 CPC I
-2.4 MeV < Al' , <3.3 MeV S
C’ ,
tan L i CPC I
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AS” T e e T N
CS 15
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""""" CPC IV
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AS* T R A
+ Kd + Ky AlI_‘tot
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plots of C> — AS? Ay? < 2.3(red 68.3%),
Ay® <5.99(green 95%),
Cus Ay?* <11.83(blue 99.7%)
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plots of AS” —AS? Ay <2.3(red 68.3%),
Ay® <5.99(green 95%),
CS Ay? <11.83(blue 99.7%)
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‘ Implications on the MSSM spectrum: C. sbottoms

* Squarks mass matrix in the @Lj ij) basis:

ﬂfég +m; 4+ g MZ(T? — Qqsiy)  hivg(Ar — pRy) /2

hava(Aq — u*R) /2 MZ 4 m? + copMZQq sy,

A2 —

q

* Diagonalized by unitary matrix U°"MU°" :diag(msl,msz)
 Contributions to x,;, AS”, AS”:

(Z)
. ”.cqu‘g
ﬁS}”:\/ﬁg Z ggiffm_fFSf(Tif) t,b,z

f=xfxE
2 2
2 o T ) )
T Z Ne Qngsf}‘fj—g?n% Fo(Tif )Y Gagnrv - mﬂr(ﬂeﬂi)a
Fi=t1,t2,b1,b2,71,72 Fi H
N g _d
P . ,_Z - ng 1 A2 U( ifﬂ) t,b Naoooa g
fi=t1,t2,b1,b2 fi
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‘ Implications on the MSSM spectrum: C. sbottoms

10°¢ - 4
: I
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10} -
.%L ; @0 ——
i ol
10%}
2 1 0 1 2 . -1 05 I1
C, 2 Cy
AS7 = —AS¢ y oo
3 SSM -_ _6-59,
4 3 : :
2_
| M g <120 GeV
<=': AS” ~-0.8 1 ASY ~ 0
?3'3' :__- ?-30 e ————————————————
- 1
| N g
2 | Al AS® ~-1.2
-4 0 100 200 300 400 500 -3 100 200 200 500

M sbottom {G av}

2

9. =0.688

300
Mspottomt (GEV)
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Fitting

-0.1<x, <0.1 is allowed. No significant impact on
the fitting.

e CPCII, CuS ~1 is preferred.

* The 2" local minimal around Cf’ ~ -1 disappears
when tanf>0.6 .

* Higgcision is sensitive to Hyy coupling down to 15%
deviation from SM value.

13 SUSY 2015.08.25




MSSM-1. charginos only

 Charginos mass matrix in the (W~,H~) basis:

ﬂ/fg \Eﬂ/fw Cp
Me =
V2Myy s 1z

* Diagonalized by C.M_C/ =diag(|\/|f,|\/| )
e Contributionsto AS’ :

C’, tanB, M,, u

SUSY 2015.08.25



MSSM-2. scalar taus

* Scalar taus mass matrix in the (%Lj "FR) basis:

o ﬂ/fgg +m2 + cagM2(s%, — 1/2) hiv(Ar — ptan 8)/v/2
h-v1 (AT — ﬂ* tan 6)/\/5 ﬂ/f%g + mz + cmﬂ/f%s%,

* Diagonalized by unitary matrix U""M?U" = diag(mle, mfzz)

e Contributionsto AS’:

le’ tan 5, A, 1, M 3 =Mg,

SUSY 2015.08.25




‘ Implications on the MSSM spectrum: D. stops

* The lightest Higgs boson mass: using 2-loop level
analytical expression

S. Heinemeyer, W. Hollik, G. Weiglein, hep-ph\9903404

2 b 2 1 t 2 t 5 . 2, 0
m}% ree + A ¥ / + A Na M= + Amh’&“ + Amh o
10° -
M, = 300 GeV V=)
A =A c[-3TeV,3TeV]
pc[lTeV,2 TeV]
210! | MU3=MQ3C[0 TeV,1TeV]
] M, =300 GeV
My = 125.5+-6 GeV « _
My = 1255 +- 3 GeV - tan f >3
100_5 |
A/Maqs
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Implications on the MSSM spectrum: D. stops

102 4
2
2l
1.1 b9 0.95 ’G:; 105 1.1
Mopr > 90.7 GeV AS7 = %ASQ S, =-6.59, S§, =0.688
3 .
M gop <145 GeV 2|
2
F 4=l§ AS” ~-3.5 1 ASY ~ 0
20 — Y ————
o w10
o 1! E”imm tGe%ﬂa i . o 9 Enimm {GE‘J‘J o Em
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MSSM-1. charginos only

102 4
- C’>0, |
under tan g >1/2
ELm ; < ol
: 2
107}
2 g GISS 1 2 45 1 CES 1 2
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4 . . . . 500
Al i | : 68.3% CL | 400
: : 200 GeV
i | 300
:E‘aﬂ' E» E
| | = 200
N i i ' 100
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MSSM-2. scalar taus

10° 4
C> >0,
under tan 8 >1/2 2l
10" -
5 | 4
2
10°} t
2 1 o 2 42 i
4
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= 68.3%CL

S7, =—6.59, SS, =0.688

4
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MSSM-3. chargino, scalar taus, sbottom, stop

* The lightest Higgs boson mass: using 2-loop level

analytical expression
S. Heinemeyer, W. Hollik, G. Weiglein, hep-ph\9903404

m}% 2tree+A 2&t/t+A Zcxrest_l_Ami,&fxs +Ami,ce
M, —125.5 GeV|< 6 GeV = tanf >3

2

e Sparticle’s one-loop contributions to Hpy7 and HQg
couplings:
Piing AS? =0 charginos, scalar taus

AS” = 2N.Q7ASY = %ASg shottom

AS”

2N QAS? = %ASgJ stop

m SUSY 2015.08.25
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* The top-Yukawa coupling is very close to SM value:

C; -1<0.02

Ay? < 2.3(red 68.3%),
Ay® <5.99(green 95%),
Ay? <11.83(blue 99.7%)
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