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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. _“{(ii,i‘;!m. Total uncertainty 19.7 o' (8 TeV) + 5.1 (7 TeV)
m,=1255GeV | __ z{:;:j’o’fy + 1o onp _

. = : —— Combined CMS m,, = 125 GeV
" oz |4 —— RETE0R Prelimina
“=1'5?-uzs'§:3f || LT ry
H—zZ' _"‘f'1 040 i : I H — bb tagged
=12 s M i | AT n=093+£049
Ho WW = vl o -
H= 100 ' I  wal H — 11 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 1 — agge
e ' - 1L=083+ 021
H— Z7Z tagged
Combined i : i L=100+029
I_L=1_30+U1E:§;? = T R T T R R T T T R B
EEL ST N P I T = A 0 05 15 2
E=7Tevjla=4648n -0.5 0 S 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: 1.6+04 — 1.17+0.27

CMS: 0.787% — 11277

ATLAS ZZ* increase from 15+04 — 1.66°)%
CMS stays about the same. The ZZ* channel become
more and more important in the overall fitting.

CMS WW* channel, the 4, and 4, show

positive center values.
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‘ Introduction

* The SM deviation from the data in terms of ZSZIVI

* Thetotal x5, /d.0.f for SM now is 16.76/29,
compare to previous one 18.92/22.

d.o.f = # of data - # of free parameters for model

* P-value of SM improve from 0.650 to 0.966.
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Higgcision: Formalism

* We follow the conventions of CPsuperH for the
general CP-mixed Higgs couplings to SM particles.

* Higgs couplings to fermions:

m, — .
L == il H f(CP+iCly,) f

f=u,d,l 2M
! \Scalar\pseudoscalar
For SM couplings Cf —1 and Cf -0 .

* Higgs couplings to massive vector bosons:

L., =gM, (vawv “41C,—Z Z“]H

2¢C;
For SM couplings C, =1, custodial symmetry.
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Higgcision: Formalism

; v(Z)
* Higgs couples to two photons: H
t,0,7
The amplitude for the decay H — yy is |

A Djouadi, Hep-
ph:0503172
aM? 2
Motz = = ST (M) (61 - 1) = P (M) g3 {eiebbako) |
dar v ~ Mg
scalar \ pseudoscalar

* The decay rate of H — yy is proportional to ‘87‘2+‘P7‘2

S"(M)=2 Z NCQ?CEst (z;)—C, F(z, )t AS’
f=b,t,z
P7(M,,)=2 > [N.Q{C{F, (z,)+AP’

from new charged particles

from SM particle with changing Yukawa
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Higgcision:Formalism

2 v(Z)
* Higgs-diphoton: ib'E::::

A Djouadi,

CPeven:S” =—-8.35C, +1.76C> +AS”  rhyskeptass
(2008)1-216
CPodd:P” =278C’ +

N\

top: pseudoscalar

new particles
top: scalar

W
* Higgs-gluon-gluon:
CP even : S? = 0.688C°> + AS®
CP odd : P? =1.047C’ + AP? AT
----- Q A
t,b
00000, g

2"d PP&C after Higgs and Planck 2014.10.08



Higgcision: Formalism

* The theoretical signal strength is product:

(P, D) = i(P) (D)

@VBF, VIL ttH | MZ, WW,bb, 77 |

the production modes the decay modes
MO +[Po(M,)] b
gF) = 2 7 = (# = D)
#(VBF)=Cy BH = D)= =D)L

tot H A tot
(VM) =G () 13

p(ttH) = (C;)* +(C))’
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Higgcision: Formalism

* The parameters that will be used in the following

fitting: Scalar: C’, C;, C’
Pseudoscalar: C, C;, C/
Vector: C,
New particle: AS”,AP”,AS®, AP®
Invisible decay: AT,
* SM:

ci=cS=C’=1
CP=CcP=CcF=0

c, =1

AS” = AP” = AS® = APY = AT, =0

tot
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Higgcision: Fitting CPC1

* CP-conserving 1-parameter fit: Higgs invisible decay

into hidden sector, DM etc.
varying: AY I
fixed: CuS :CdS :ClS =C,=1 AS” =AS° =0

* The 95% allowed range from the fitting:
cs 1 e

C3 1 \ /
cs 1 I %0 ]
S

ASY 0 \ /
N -
-1 0

sz

AS9 0 .

-2

1 2 3
ATy (MeV)

ATt (MeV)| —0.020743

H
X2/ dof 16.76/28 [y, =4.2 MeV
palue 0.953 B(H — nonstandand) < 19%
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Higgcision: Fitting CPC1

* Improvement from using 2013 data:
B(H — nonstandard) < 22%

* Comparing with the direct invisible Higgs decay
search: B(H — nonstandard) < 50%

* CP-conserving 3-parameter fit:

varying: AS7 AS® Al
{ ying o AT, =039 MeV

fixed: C>=C;=C’=C, =1

B(H — nonstandard) < 50%
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Higgcision: Fitting CPC2

* CP-conserving 2-parameter fit:

varying: AS7,AS”
fixed: C;=C;=C’=C, =1 AT', =0

* The best fitting point:

0.4
cs 1
os ) 02}
o 1 D0
Co L 02t
ASY —0.7233:78
04 L— ' ' ' '
AS?  |-0.009+0:047 6 4 2 0 2
Ag?
AT (MeV) 0 Ay’ <2.3(red 68.3%),
v2/dof | 15.81/27 Ay* <5.99(green 95%),
val 0.956 Ay® <11.83(blue 99.7%)
p-value .
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Higgcision: Fitting CPC2

* The best fitting point: AS” =-0.72"77°, AS? =-0.009") 0,
* Higgs-diphoton:
CPeven:S” =-8.35C, +1.76C> + AS” ~ 7.3
{ Si, =—06.64+0.0431, and Pj, =0
* Higgs-gluon-gluon:
CP even : S =0.688C.> —0.037C; +AS? ~0.64
{ Sq, =0.651+0.050i, and PR;, =0

e Theratio of Hpyy and Hgg couplings relative to SM
from the best fit points are:

C = C = = C. =11 C_=1.0
/4 ‘SgM‘Z g ‘SSQM‘Z v g
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Higgcision: Fitting CPC4

* CP-conserving 4-parameter fit:

varying: c’,C>,C’,C,
fixed: AS" =AS°=Al"_, =0

* The best fitting point: * The uncertainty of
ci | 0925933 gauge coupling has
1 nn0.28
Ca 1'00—['”1-20 20% improvement,
g +0.

“ oo comparing to the
C, 0.98%517 :

previous results
ASY 0

(summer 2013 data) :
ASS 0

Al (MeV)| O C, =1.047:
x2/dof 16.70/25

p-value 0.892
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Higgcision: Fitting CPC4

* CP-conserving 4-parameter fit:

{varying: c’,C>,C’,C,

fixed: AS" =AS°=Al"_, =0
* The best fitting point: * The uncertainty of
cs 0.924943 -
w ~013 gauge coupling has
ci | -1.00%g3g o/ i
20% improvement,
oS 0.qo+0-17 )
¢ comparing to the
C, 0.98%G 1) :
previous results
A5 0
(summer 2013 data) :
ASS 0

ATt (MeV) 0 @: 1_04@
x2/dof 16.70/25

p-value 0.892
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Higgcision: Fitting CPC4

* The magnitude of top-Yukawa coupling C’> can be
indirectly measured from Hgg coupling, i.e. the S°.

 Thesignof C. can be infer from the Hyy coupling,
due to the top-quark contribution tends to offset the
W contribution, i.e. the S’.

: 7(Z)
* Higgs-diphoton: H
t,b,7 N

CPeven:S” =-8.35C, +1.76C> = 7.3 S broond
Phys.Rept.457
(2008)1-216
* Higgs-gluon-gluon: ,
CP even : S° =0.688C° = 0.64 el
| 109000, ¢
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Higgcision: Fitting CPC4

* The contributions from bottom and tau are much
smaller in Hyy coupling, accordingly, the sign of C;
and C’ cannot be determined yet.
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Higgcision: Fitting CPV3

* CP-violating 3-parameter fit: CP-mixed Higgs boson.

varying: C°,C’,C,
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Higgcision: Fitting CPV3

* The current data preferthe Hyy and Hgg couplings:
C =11 C,=10

* Higgs-diphoton: CPeven:S” =-8.35C, +1.76CU|S
CPodd: P’ = 2.78CUP

* Higgs-gluon-gluon:
IFIHONIEON o even: 59 = 0.688C°

CP odd : P =1.047C"

* Two elliptical equations:

- \/sﬂpﬂ - \/592+sz (7.3)° =(-8.35+1.76C>)* + (2.78C.)
7 R I (0.64)? = (0.688C°)2 + (1.047CP)’
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Summary

* SMstill provides the best fit to the data, the p-value is
even better than the last year.

f=]
—
S [ After ICHEP 2014
= 008 - / SM
0.96 _ \ CPCN
[ CPC ><\
0.94 — '-
‘.\‘}\\
[ CPV \\
092 — ! i
i \
i \
0.9 — \ —
i \_
.88 _—
0.86 _—
Lo IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 (i) 7

No. of fitting parameters
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Summary

The gauge coupling C, :Invarious fits, center value
0.93~1.00 with around 10% uncertainty, which reduce
about 10%.

The data cannot rule out the pseudoscalar coupling,
only the combination of C> and C. are constrained in
a elliptical shape.

The implication of the Higgs invisible decay:

B(H — nonstandand) < 19%
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Thank you !






‘ Introduction

The initial Higgs data indicate deviations from SM.

* SM provide the best fit to the data after summer 2013.

* The couplings to the heavy gauge boson is restricted
to the SM value with 15% uncertainty.

* The Yukawa couplings are loosely constrained.
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‘ Introduction

* The SM deviation from the data in terms of ZSZM
Previously, it is dominated by diphoton channel.

Currently, the ZZ* channel becomes more important.

* The total x5, /d.0.f for SM now is 16.76/29,
compare to previous one 18.92/22.

d.o.f = # of data - # of free parameters for model

* P-value of SM improve from 0.650 to 0.966.
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‘ Introduction

* Higgs production modes: gluon fusion (ggF), vector-
boson fusion (VBF), associated production (VH) and
(ttH).

* At the experimental perspective, these production

modes usually mix together.

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

VH

g 00000 q > Q
o Tl T
9 “0O0000 g > Q
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‘ Introduction

* Current data focus on a few decay channels of the

Higgs boson.

e LW T — 2%

g 12

> | 18

s [ il

q 97/7/ |E = “§

S ZZ ST BTSN 7

) _ 5 Ny, ' E

Nn—>WW > 17vly - S y

_ 10%F =

N — bb : ]

1Y Zy =

+ — _
N\—>7T T \ | |

10°7900 120 140 160 180 __ 200

M, [GeV]

https://twiki.cern.ch/twiki/bin/view/AtlasPubli
c/HiggsTheoryPlots
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Introduction

TABLE 1. Data on signal strenpthz of & — y by the ATLAS and CMS, and at the Tevatron after
IICHEF 2014. The lumincsity npdates at 8 TeV are shown in the parenthesis. The percentapes
of each production mode in each data are given. The 32 of each data with respect to the SM is
shown in the last column. The sub-total xﬂ of this decay mode is shown at the end.

Channel  Signal strenpth g Myp{GeV) Production mode x%M[each}
¥ + ermor eeF YVBF VH ttH

ATLAS (45761 at TTeV + 20.3 6~ at 8TeV): page 20 of [7] (Aug. 2014)

Bgll 1.3240.38 12540  100% - - - 0.7t
EVEF 08+07 125,40 - 100593 - - .08
BWH 1.0£16 125.40 - - 100% - 0.00
LIN 0.1F3] 125.40 - - 100% - 0.08
T 16E§] 125.40 - - - 100% 0.11
CMS (5.1f6~1 at 7TeV + 107761 at 8TeV): Fig. 24 of [H] (July 2014)
Lgokr 112108 12470  100% - - - 0.14
LvER 1.58100% 124.70 - 1% - - 0.73
v —0.161 118 124.70 - - 100% - 1.00
T 260738 124.70 - - - 100%, Q.87
Tevatron {10.0f5~1 at 1.56TeV): page 32 of PG] {Nov. 2013)

Cambined 6.14%355 125 TRY, 8% 1T% - 2.60
subtot: 6.30
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Introduction

TABLE II. Tha same as Table [ but for 5 — Z 209

Channcl Signal strengih g M [GeV) Froduction mode xZ pleach)
oy + error gl YBF YH ittH
ATLAS (457671 st 7TV + 203751 at 8TeV): page 18 of [{ {June 2014}, paga 18 of [§]
Indusive 166104 12451 87.5% T.I% 49% 0.5% 302
CMS (515571 st 7TeV + 1977571 at 8T6V): sbstract of [ {Dec. 2H3)
Indusive ne3tdy 1356 87.5% 7.I% 49% 0.5% 0.06
subtot: 307

TABLE IIT. The same es Table [l but for & — WW{*

Channel Signal strength g M [GeV} Production mode xEypleach)
¥ + ermor el YVOF VH ttH

ATLAS (467671 st 7TaV + 20776~ nt 8TaV): page 1) of [TI] {July 2014)

Inclusiva 0.99 &+ 0.30 125 B7.5% T.0% 49%  05% 0.00
CMS (49 761 at 7TeV + 19.4f6~! at BTeV):-Fig. 23 of [ (Dec. 2013}

0/1 jet o E i 1256  O7% 8% - - 1.40

VIF teg 0.R0TRET 1256  1v% Eam - - 049

VH tag (H2::25) 0.39tHar 1256 - - 100% - 0.10

WH tag {3{%} 056537 1256 - - 100% - 012

Tevatron {10.0f5~! at 1.96TeV): Page32 of ] (Nov. 2012)
Combined 0.5 125 A% 5% LT - 003
subtof: 214
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Introduction

TABLE IV. The same as Takle [l but for & — bb

Channel Signal strength g AL (GeV} Froducticon mode xZn1{each)
c.v =& error gecl VBFY VH ttH

ATLAS (4.7(4.5) b1 at 7TeV + 20.3fb ! at 8TeV) Fig.19 of [23] {July 2013), page 18 of [15]

VH tag 0.2+3-Z 125.5 - - 100% - 1.31
ttH tag 1.8+1-68 125.4 - - - 100% 0.26

CMS (5.1fb— 1 at 7TeV + 18.9fb— ! at 8TeV) [I3] (Oct. 2013), {19.5fb— ! at 8TeV)[I6] {July 2014)

VH tag 1.0 4+0.5 125 - - 100% - 0.00
ttH tag 0673133 125 - - - 100% 0.06

TevatTron (ID.[}fbil at I.QGTeV):

VH tag 1.59+3-83 125 - - 100% - 0.67

subtot: 2.30

TABLE V. The same as Table I but for A —» 7. The correlation for the =+ data of ATI.AS is

p = —0.51.
Channel Signal strength g Adg (GeV) Production mode xEpg (each)
ek VBEF VH 6+t H
ATLAS (20.2fb 1 at 8TeV): page 28 of [24] (Nov. 2013)
nlggF) 1.1+1-2 125 100% - - - 0.85
p(VBF + VH) 1.6+3-% 125 - F0.6%  40.4% -
CMS (4.9tb— 1 at TTeV + 19.7fb 1 ait 8TeV)} Fig. 16 of 4] (Jan. 2014)
O jet 0.34 &+ 1.09 125 96_9%, 1.0% 2.1% - 0.37
1 jet 1.07 - 0.46 125 THE.T¥% 14.0% 10.3% - 0.02
VBF tag 0.94 4+ 0.41 125 19.6% 820.4% - - 0.02
VH tag —0.33 4+ 1.02 125 - - 100% - 1.70

subtot: 2.96
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Higgcision: Fitting CPCé

* CP-conserving 6-parameter fit:

varying: C>,C;,C’,C,,AS”,AS®
fixed: AT, =0

* The best fitting point:

& 1.2253% )

cf  |-097155 °
o5 | Loozgls il
c. | ooarg -

90
ASY  |-1.43+102 <'1 _
AS9 | —0.221338 5l
ATt (MeV) 0 Al

x2/dof 14.83/23 4

p-value 0.601
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Higgcision: Fitting CPCé

* The sign of top-Yukawa coupling C> cannot be
determined in this case:

S” =-8.35C, +1.76C> + AS” = 7.3
S¢ =0.688C> +AS? = 0.64
* There are four minimal Chi-square solutions:
C’ AS” AS°
1.22 -14 -0.2
1.22 -14 -15

-1.23 28 0.2
-1.23 28 15

2
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Higgcision: Fitting CPCé

* Comparing with the results from 2013 data:
The C’ =0 hypnosis has been ruled out at 68.3% C.L.

4 4
3 3
2t 2
1+ 1 5
EL 9?0}
1+ -1
oL 2L
3L 3t
-4_ b _4 1 I ! !
cls 2 45 -1 05 0 05 1 15 2
C S
u
* Due to the new data of ttH Higgs production mode.
g > Q
@----- H ttH
g > Q A Djouadi, Phys.Rept.457 (2008)1-216
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Higgcision: Fitting CPV3

* CP-violating 2HDM, the mixing between the mass
eigenstates h, ,, and the EW eigenstates D, 0,2 s
described by an orthogonal matrix O,; :

(¢1’¢2’a)2 - Oaj (hl’ ,, h3):

* The mixing matrix can be expressed by C>,C",C, :

_ S _ P. (0, =0.883
_ 2 y~SN2 a2 gmpr2 2 T Hi T
Oy =+[1-55(C;)* ~15(C))? 0, =0.291

a-c;)
PSRRI

where s, =sin B, ¢, =cos j3, t, =tan # =ratio of two VEV.

m 2"d PP&C after Higgs and Planck 2014.10.08
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Summary

* The most significant update between summer 2013 and
2014 are the diphoton signal strengths.

* Full data set was analyzed for fermionic channels, while
more decay channels were published, e.q.

WH — 3I3v and ttH — ttyy

* SMstill provides the best fit to the data, the p-value is
even better than the last year.
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‘ Introduction

p value

0.9

0.5

0.7

0.6

0.5

04

ﬂ-} 11

CPV

Before Moriond

After Moriond

No. of fitting parameters
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