GLORAL FIT To HIcEDS CoLPLINGS

Higes Hunting IRESpinesa.

ICRER, IFAE
20)2 Bosce lono.

ly 18 -20, 2012, O




FIRST GLIMPSES AT HIGGS FACE

SUAEE

[ X
o

Y




GLORAL FIT To HIcEDS CoLPLINGS

JR.ESPLNDSA

ICREN, IFAT
Barcelona

1. “*HieecS” c‘iScaverg B\-éhss Ple“‘\'j ,F ,\ea-o_!
» Leaxn abeust EWSHB

2 Is it the SH Higgs ?
# Seevtinize Search channels

3. DSM Hopes % Anomalous Higgs aou?\:.nas
-VSPM vole of hyy, h33

# Nonzero iwisible width



\X/or\g {>CL,Se_A on w‘\mbova‘jt{phs wl"\'\'\'.
C.G‘V'o‘\e,a,h , . Mohllectnecr , M. Tt

[hep-ph/1202.36477, [1205.6390 | (i207.1313 ]

l:or re\aﬁte.cl l\CP-F\\ wor\c See .
D.Casti, A Fakowsks € o flik TVelanshy [202 2144 ][1206 U201 ]
+J.2wpan [120F. FIg ]
A.Pradev, R.lowtine, O Callowasy [ 12023415 (120621 ]
P. Giascdins, K. Kannike M. Raldal) A. Stcomia 1203, 9254 {1203, 347 |
J.Blis TToo [120U.0464 7 [1207 1692 ]
M Klste, R.Lafaye, T-Plehn, HRaoch , D2evrwas 11205.2699]
T Lew,3.Lykken 6. Shaughnessy [[1207-1093 |
T.Cocbett 0 Eboll Temazler-Fale N e . Conralen -Crucla [\267, (344 |
M.MonTull, F.Riva [120F.1He7]



DATA |

L

SieNOL EXCESS IN 95 % C.L. EXCLOS\ON LIMITS

LI I A B B R = e e e e e S

—_
o

I T
5 L ATIAS Preliminary o011 4 9019 Data = 10f  cums Preliminary —=— Observed i
© F ATLAS Preliminary ) ‘2011 +2U12Dat€: ] & L 7TeV Lo 51 B Expected (68%)]
g - —— Obs. \s=7TeV: ILdt=46-48 for _ B | Vs=8 TeV.L=53 ! ----- Expected (95%)|]
o [ B \§=8TeV: [Ldt=5859f" - c i i
= - Etie - S
g [J+20 | I= - i
| =
0 1 -
SRR PRSIy NSRRI WSS O .
& X )
()
(@)
107
1 CLfgumf{S | | | | I E"""
10990115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145
m, [GeV] Higgs boson mass (GeV)

My ~ 126.5 GCeV My, ~ 125 &eV



DISCONERY \

5 um\_ EXCESS =

%‘o 10°E ATLAS IPrellmlnary 2011 +2012 Data

o 10°E  —o0bs §=7TeV: |Ldt=4.648f0"

= 10 --Exp. s=8TeV: [Ldt=5859 "

1 = g = o o gy SR = S 00’

10_1 .................................................................... 16
10_2 i .:uu-- --------------------------------------------------------- 20
10° ............'.‘.'.'.'.-.~...‘:..‘ .............................................. 5
10 -
10-5 ---------------------------------------------------------------- 40.
10°
10-7 ---------------------------------------------------------------- 50
10°
L 60

IllI|JIIJ|IIIIllIlI|IIIl|IIJI|lIII|IlII

110 115 120 125 130 135 140 145 150

m, [GeV]

mh ~ 1265 GeV

1 |||||||||||||||||||‘||||||

2 1
2 1 [ A— ] G
(;E 10 / 326
L 102

Q - 30

107

et

10°° Hobb = . 60

1 0_10 — H- 11t CMS Preliminary
—H-w s=7TeV.L=5.1fb"

AN | —H s WW A

10 i Vs=8TeV,L=5.3"fb
—_—H2Z 76

10-12h—|IIIIIIIIIIIIIIII:IIIIIIIIIII—-I

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)



Ts iT T™E M HiGGS?

IM Héags secltor vs the less -Ees'\.'ez.-.\ and wore ?rb‘o\emad'ic

/

‘t eA CaJlS o
QFFQG Lj i new h fb; a..t
ey P ! = the TeV scale

Tt's very L:.kelﬂ ot the uf—gﬁs will
o\e\>ar'\:, Peom ke SM Fm?e,\’hies
Tke LmPo\‘tm\ce O‘F h\easo"i\«g \-\6833 L‘ou:,)[LuﬁS cal\nsl' Le OVC\'WF}'&S\;‘&C‘



TND IV IDLAL SEQARGH CHANNELDS

mpel25 GVimany chamnels ! weoYag, L aTles

£ R Ae oy T T £ amasaor T
5 4 ATLAS 2011 Hoy = 2

O F —Bestft j P £ gL —Besti J _ :
g _ E 5 Ldt = 4.7-4.9

5O mana<iy =4O o - T2ni<t 4

5 2- \s=7TeV - 5 \s=7TeV

5 F ”

.
T T | T T I ‘ T T T I I | T

0 : 2
_1;— - 0
2 E i
: 2F
-3:IIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIII: _III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m, [GeV] m, [GeV]

Yy 22



TNDIVIDLAL SEARGH CHANNELS

mpe125 GV manﬂ charme‘s" iA.-’-G"/Q‘ —(;v aTLaS

c B L I B A R O R R L IR _.-E L AN |Illlllllllllllllllllllll ”lllllllll
5 4_ ATLAS 2011 H i o [ ALA32011 Hozz i
c N
g 3:_ +BeStﬁt r - -DE-_‘ 6_— c -?rlﬂ+lftlll||l|||Ir||IIII|lll||||ll|-:‘|ll|||l||lll
g E .%) 8_”IAlleAlsllzlol‘lll‘IlllllllllllIIHHIlII _|>|R’||v||||l_ i ‘g’) 8— ATLAS2011 H—)TT ;
= u c B 7 L0 B ]
o 2 ¢ | : £ [~ Bestfi Lt=4.7fb" ]
n C 2 g | — Bestfit J = -1 _ 4= @ - : -
-3 i (-2 A(u) < 1 AT L[ 8 O E2m<t _ :
R A W) | c \s=7TeV ]
Y- (s=7TeV 12 :
0 mB 4 4 r @4 -
= § S ]
2F : T [ O0F FeemeeEm -
- 0 - 2 - ]
SL. | 1 Lo 2 .
110 - . 1 - ]
[T 18 120 7251 1 T 1 T
s b b b b b b b b b
110 115 120 125 130 135 140 14%4}(53%\/] m, [GeV]

WW tz



TND IV IDLAL SEQARGH CHANNELDS

mpe125 GV manﬂ dmne‘s" i,u.-’-G"/o‘ —(;\« aTLaS

_C IIIIIIIIIIIII|IIII|IIII|IIII IIII|IIII|IIII|III £ i |||||||||| ||||||||||||||||||||| ||||||||
5, 4E ATLAS 2011 H—”{Y i o [ ATLAS 2011 H—>ZZ —)IIII
P% —+ Ract fit r g 6__ . DA~ i [ A
- LI — L — L — L — i - - AR R R R L L L
5 5- ATLAS 2011 H-sbb T [ B g ATLAS201f Hott .
o r . : - e J = 4 i
B 40— Bestf JLdt 4647117 S _B;ftgt » Lat = 4.7 1
0 = - - T T h []-2InA(u) _ -
s E2hi)<t oy PR =TTV :
o 3 S=rIe - N .
“ ot - : - B ]
2 - ] i - .
5 . - 0 2: _____________ i
1:_ E R i i O ceeeeeeeeesemmens g .
o s B :
N 7 ’ oL o 7
_1:_ E - 1 - i
- B __ Do b bra v b b b bonaa b Lo o)
2: . g—'—%—b—'—'— 110 115 120 125 130 135 140 145 1[80\/]
) N L v [ ] m e
Mo M5 120 1% 130 ™GV "

b b m, [GeV]

Similor deta -From CMS & Tevaleon



A OSED IN OOR

48 channels,
includin 1
lakest

wWw =212V

fmm aVLAS
@ R TeV

[see frnaez,

last WeAnzSa\gj]

All Data

ZZ — 4/
WW = llvy
yy UCIPTt
¥y UChPTt
vy URIPTt
vy URhPTh
vy CCIPTt
yy CChPTt
vy CRIPTt
vy CRhPTt

vy Ct

ssa b s

ZZ — 4]
WW — llvy
yy UCIPTt
vy UChPTt
¥y URIPTt
¥y URhPTh
vy CCIPTt
vy CChPTt
vy CRIPTt
vy CRhPTt

Yy Ct

TS o ||

e

bb
ZZ— 4/

WW - llvy

vy catl
¥y catl
Yy cat2
¥y cat3

R ;.| | [P

k3
bb
ZZ — 4/
WW - vy
vy cat0
Yy catl
vy cat2
Yy cat3
Yy ii loose
¥y ii tight

________________ G MR

________________ +__J

________________ i

Tevatron

ATLAS 7TeV

&
-

¢.

ATLAS 8 TeV

Y

| —
APl |
[

Y
e

CMS 7 TeV

CMS 8 TeV

-10

=

10

15



DA

A OSED IN OOR F\ TS

Zoom OF

ViDL S Q
P

All Data




A OSED IN OOR

All Data

WW o llyy ' o—
bb [

WW - llvy ]

l ¢
ZZ - 4} :%

yy UCIPTt

yy UChPTt

vy URIPTt
vy URhPTh

yy CChPTt

¥y CRIPTt

yy CRhPTt &

vy Ct

|
I
|
|
|
yy CCIPTt !
|
|
|
I
I

W s e e e &
ZZ — 4] |
WW — llvy I

vy UCIPTt

vy UChPTt

vy URIPTY

yy CCIPTt

|

|

|

yy URhPTh I.
|

yy CChPTt |
|

¥y CRIPTt
¥y CRhPTt

7y Ct i

&
|

2 e e 4 ;28
™

bb
ZZ — 4! | —8

Y

WW - llvy 8]
YY cat0 | —_—
YY catl .|_._

Yy cat2
¥y cat3

IR 5 1 Sy S — 1.1

T —
bb —

ZZ = 4!
WW = llvy
W cat0Q —
Yy catl
vy cat2
Yy cat3

Yy ii loose

¥y ii tight

CMS 7 TeV

CMS 8 TeV

<D

VY

-10

=

10

15



A OSED IN OOR

VY

-10

=

All Data
: | ; ;
WW - llvy re—— Tevatron
bb [ . — :!

_____ e o _'E______!__________Y__________________
T —‘-0—%%; ATLAS 7 TeV
bb Lo

ZZ - 4] d -
WW  llyy wy\]
vy UCIPTt
yy UChPTt ®
vy URIPTt [ ®
vy URhPTh | 7~ ° \
yy CCIPTt |
yy CChPTt — o I [
¥y CRIPTt I 4 . :
¥y CRhPTt ® :
7y Ct e
) | 1. et e = =
ZZ— 4! ! ATLAS 8 TeV
WW = llyy | ——
yy UCIPTt
yy UChPTt '
vy URIPTY :
¥y URhPTh .
vy CCIPTt : !f‘a. 2 'Y ‘X
yy CChPTt |
¥y CRIPTt o
yy CRhPTt —  1g "Y
7y Ct : 2 ° >
- _TK.U_ ___________________ R, e S T R T 4 T . A 1y o e 5 WA o e 4 i =
{55 —T CMS 7 TeV
bb —— g
ZZ— 4/ 18
WW - livy W‘Aj
}’}’031‘0 —
vy catl @
7y |
SRS 5 | e R | | e e ) B e T P, s
T =i CMS 8 TeV
bb ——g—
ZZ = 4] [
WW — llvy '1
'}’)"CEIO |,__.,_.
Yy catl : — -
vy cat2
Yy cat3 |
Yy ii loose o
vy 1i tight | o
|
-5 0 5 10

15



A OSED IN OOR

All Data

bb
ZZ - 4/
WW = llvy
vy UCIPTY
¥y UChPTt
vy URIPTt
vy URhPTh

vy CCIPT,
¥y CC
vy CRIP

vy CRhPTt
vy Ct

Tevatron

B | T T 51 ®

ZZ — 4]
WW — llvy
vy UCIPTt
vy UChPTt
¥y URIPTt
¥y URhPTh
vy CCIPTt
vy CChPTt
vy CRIPTt
vy CRhPTt

7y Ct

T

bb
ZZ — 4!

WW - llvy

vy catl
¥y catl
Yy cat2
¥y cat3

ZZ — 4]
WW - vy
vy cat0
Yy catl
vy cat2
Yy cat3
Yy ii loose
¥y ii tight

| Q
L
WIS 4 s »

= ww

CMS 7 TeV
win

%@ ) A '''''' CMS 8Tev

——

DT

VY

-10

|
|
0 5 10

=

15



EFFECTIVE LAGRAONGAN APPROACH

06 Volid ot EoMy .
’F:e\cl COV\‘\'ew_t : SM + Sca_,\ax' |’L, (no ex"k(a.. Lgkt S-\'ai\'e-SB

L =L - (Hﬁwfi\dfﬁr l—néz\*z%)[u 2&3 “+ DO\‘)]
_ Cxiteno efal
ikt [re 5+ 00D] 4 o 2

Ihcor?ara:l;es SV (DL V(Dem brealing



EFFECTIVE LAGRONGAN APPROACH
og Valed ot EoMy .
’F:e\cl Co“‘\'ew_t : SM + SCQ,\OX- I—L (“o e_,zk(a., ngkt s’\'a:\'e.s>
5 = LIh] ~(mswpwt+ L3 2, 2t)[ 14 2a 2 + 00 ]

b h h2
mL\,iq'i'-l'L [14- C s 18 )] -+ .

Tncorpoxates SURPHLED> L (Dem breaking
+ custodial Syraw e_'brj




EFFECTIVE LAGRONGAN APPROACH

°£ Volid ot EoMy .
’F:e\c\ COV\‘\'ew_t : SM + Sca_,\a,r |’L, (no ex"k(a.. ("Skt S-\'ai\'e-s>

L =L - (H&Jw‘t\«lf’+é—ﬂéz\,,21”5[i+ 222+ 00\“)]

v

Ihcor?ara:\:,es SV VD V(Dem brealing

+ custodial sy me_'brj
4+ no tree-leve| FelC .me h exc\wm.ae,




EFFECTIVE LAGRONGAN APPROACH

o£ Volid ot EoMy .
’F:e\cl COV\‘\'ew_t : SM + SCQ_,\a,r |’L, (no ex"k(a.. ("Skt S-\'ad'e-s>

L =L - (H»’wa;wfﬁrz‘,;ﬂéz\*%f‘}[i-v 222+ od\“)]

v
"“L\’ﬂ;i"l'a [1+ c %+ DU‘Z)] + ...
Ih&or?ora:‘;es SV (D LU V(Dem breaking
+ costodial syvam e:\:rj
4+ no tree-leve| FelC .me h exd\aua-ae
Fiesl tecms 0 a “chixal la.%\"angda.n" witd
c3oF e

Az bww



EFFECTIVE LAGRAONGAN APPROACH

06 Volid ot EoMy .
’F:e\cl COV\‘\'ew_t : SM + Sca_,\ax' |’L, (no ex"k(a. Lgkt S-\'ai\'e-SB

L = LI = (Mswpte Zr3Zzuzt [ 4+ 2&1‘% +o(™ |
—mL\,il-"i'-l‘:’ [14. C h + DC“Z)] + ...

TS
2 - "mx'wv\e;\'ex 64""6,(\5&0(\ o? -“'\e SM w cA’\"\
v L\’ “‘\ hS\"\
Coen gl R e
V 4



EFFECTIVE LAGRONGAN APPROACH

°£ Volid ot EoMy .
’F:e\c\ COV\‘\'ew_t : SM + Sca_,\ax' |’L, (no ex"k(a. Lgkt S-\'ai\'e-s>

°£ - L[}\l _ (Hf;w‘t\«lf'+—'—ﬂ.§,2\a,21~5[i+ 26{,3 + DCht)]
2
—ML\,‘-"")' [ +C1—5_+ oCh )___‘ T

Othec o?exos.,ors \’e(‘.:S Ye,\exlam’\' »F:r l—h‘ggs Seaxches :




EFFECTIVE LAGRONGAN APPROACH

og vold ot EoMy .

Field cortert

SM + scalaxr b (no esttca ngkt s’\'a:\‘e.s>

L = LI — (Mawpwt™s —‘—H;Z,Z‘,&i‘“y[i-» 2&3 +o(™ |

AR

n o oh®| +.
[+c‘_1}+ (,)]

O-H\er o?exo:

LorS very velevant foc thggs seaxches :

W, ced et h
len'e-‘.VQPQ FCgCp © 1«9-

axe a—SSumec‘ +¢> come -From S )oO'PS onbj’,

44~>h

G
--- & C
.,th



EFFECTIVE LAGRONGAN APPROACH

°£ Volid ot EoMy .
’F:e\c\ COV\‘\'ew_t : SM + Sca_,\a,r |’L, (no ex"k(a. ("Skt S-\'ai\'e-s>

L= (B[’\:‘l_—- (MawWpwt™+ Z Mz 2L )[4+ 2&3 +o(™ |
—-mL\,iq'i'-l'a [14— d %+ DU‘Z)] -+ .

Othec o?exo:iors \/e(5 YQ\Q\IO.D+ »F:r l—h‘ggs Seaxches :

W, ced et h
len'e-‘.VQPQ F <3 ‘*°C¥1«9-

axe a—SSumec‘ +¢> come -From S )oO'PS onbj’,

h-ayy; —---C{ v C + --—Q:’:\ N ool
+ W




EFFECTIVE LAGRONGAN APPROACH

°£ Volid ot EoMy .
’F:e\c\ COV\‘\'ew_t : SM + Sca_,\ax' |’L, (no ex"k(a. Lgkt S-\'ai\'e-s>

£ = LU\:}_—- (Mawpt s pH3Z 2t Y4+ 24 2 + 00N ]
—-mL\,iq'i'-l'a [14— d %+ DU‘Z)] + .

Othec o?exo:iors \/e(5 Ye,\exlam’\' »F:r l—h‘ggs Seaxches :

_%z— "C.Y Q.\N p‘.\k\)'\’ CS Cp e'g\“) b‘

lem<

axce a—SSumec‘ +¢> come -From S )oO'PS onLj .

Molivated b‘j cow\PosE:l:e_ PNGD -\-\Cg%s SceNaxs dS
Wil relax Yhis MSUM—F'\';DQ latex on.



—

AT

k Only h ecovplings axe wodified :
Siqna) cake modifRed Pl
kinemodics vw\wa.u.ase,cl ;

) { 'D.c??c,\-eut ?(wlod\'(mn rmechanisms ol'\a,waa oL?-Pel‘QﬂHj
o T o) Y

X Ex?ec‘\‘ed Sdéna.‘ .s”ﬂeuj‘“\s :

SM@&,¢)

'o-f?,i‘.ﬁ‘fi 1 Z €r:,°]>¢(ﬂ,6) xBR ..

r." - i o-?‘;.‘;\\ﬂ-;x Jda %_ 672’0-?; %X B'R‘shbix




&

RaTEs IN S™M (a,, C)

K Need To know efRelencies £ Yo ‘xo?ex\:s vescale g

Vs Category Events gg— H (%] VBF|[%] WH[%] ZH[%] 1tH [%]
T7TeV  Inclusive 79.3 87.8 1.3 29 1.6 0.4
Unconverted central, low pry 10.4 92.9 4.0 1.8 1.0 0.2
Unconverted central, high pry 1.5 66.5 15.7 9.9 5.7 24
Unconverted rest, low pry 21.6 02.8 39 2 1.1 0.2
Unconverted rest, high pry 2.7 65.4 16.1 10.8 6.1 1.8
Converted central, low pry 6.7 928 4.0 1.9 1.0 0.2
Converted central, high pry 1.0 66.6 15.3 10 5.7 2.5
Converted rest, low py 21.0 92.8 38 20 1.1 0.2
Converted rest, high pyy 2.7 63.3 16.0 11.0 3.9 1.8
ATL-As ‘X Converted transition 9.5 89.4 5.2 33 1.7 0.3
Y 2-jets 2.2 22.5 76.7 0.4 0.2 0.1
° 8 TeV  Inclusive 111.6 88.5 1.4 2.7 1.6 0.5
Suwe'aa(be 6 Unconverted central, low pr, 14.4 92.9 4.2 1.7 1.0 0.2
Unconverted central, high pr 2.5 72.5 14.1 6.9 4.2 2.3
Unconverted rest, low py 314 92.5 4.1 2.0 1.1 0.2
Unconverted rest, high pry 5.3 72.1 13.8 7.8 4.6 1.7
Converted central, low ppy 9.1 92.8 4.3 1.7 1.0 0.3
Converted central, high pr, |.6 127 13.7 7.1 4.1 2.3
Converted rest, low pry 273 92.5 4.2 2.0 1.1 0.2
Converted rest, high pr, 4.6 70.8 14.4 8.3 4.7 1.7
Converted transition 13.0 88.8 6.0 3.1 1.8 0.4
2-jets 2.9 30.4 68.4 0.4 0.2 0.2
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RATES IN SM(a,©)
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K Need fo know efRclencies €, o properly vescale o
% Need 1o kitow measuvred }L‘s seporately ot I, 8TV

K Have assumed Coawssian distributed .Fo‘s axd
Y\ealec"'@c( cor@lations when comb Lv\,(,n3 dé{—‘férerf"
channels and /oc ex?aréw\@&‘té.




FITS IN SM(&,.c)
¥ Lt to fk;"—"’?, Leom 4B chamels (aTLAz+ cns+Tevadon)

7&8 LHC data & Tevatron

P
5% hEF 0
0.0 0.5 1.0 1.5 2.0

hw



FITS IN SM(a,0)

¥ Lt to fk;"—"’?, Leom 4B chamels (aTLAz+ cns+Tevadon)

s

hpg o
2t - o | ]
0.0 0.5 1.0 1.5 2.0

7&8 LHC data & Tevatron

hw

OM gquves a

reasonable fit



FITS IN SM(a,0)

¥ Lt to il;-l_-c;; Leom 4B chamels (aTLAz+ cns+Tevadon)

5

7&8 LHC data & Tevatron

[N

OM gquves a

reasonable fit

vest fct

0.5 10 15

hw

2.0

Tci.wt
(a>1 ,c< l)



FITS IN SM(&,.c)
¥ Lt to il;-l_-c;_ Leom 4B chamels (aTLAz+ cns+Tevadon)
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FITS IN SM(a,0)

7&8 LHC data & Tevatron
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7&8 LHC data & Tevatron
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CONCLUSIONS
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ADDING EWPT

7&8 TeV LHC & Tevatron data + EWPD
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