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Our goal:.study the couplings of the new state using

a bottom-up approach and largest possible dataset
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Reasonable assumptions

* There is a mass gap
between SM and NP

* one new state: CP even and spin 0

&
‘.; _
2

* new state belongs to SU(2) doublet ¢

e SU(2) x U(1) realized linearly as in the SM
e Building blocks of Leg
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* To measure departures of the SM predictions we write

Leff— £SM ‘|‘Z

% { / \ dimension-6 operators

summarizing NP effects

* There are 59 “independent” dimension-six operators
[Buchmuller & Wyler; Grzadkowski et al. arXiv: 1008.4884]

* There is a freedom in choosing the operator basis

* We picked the basis to make better use of all available data
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* Operators de modify the SMS interaction to gauge bosons

Oce =dTP GZVGO’W . - >
Opp =®'B,,B*"® , Ogwy =®'B, W |
A .7
7 2T T L LS

AS x fpw
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* operators containing stress tensors and SMS covariant derivatives

Op = (D,®)'B*(D,®) , Ow = (D,®)IW"(D,®)

S ]

Hvv . vvv . VVVV

* operators involving doublets and their derivatives

Op1 = (D,®) ®0T (DED) | O = 10" (010) 0, (21®) , Op4=(D,®)" (D*D) (D)

I field redefinition i ded
AT x f<I>,1 leld redefinition IS heede
12 1/2
H=h|1- 2A2(f<1>,1+2f¢,2+f¢,4)

rescale of SM couplings + new ones
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* A partial list of operators is

Occ = ®t® Ga, G Oww = &TW,, W | Opp = ®'B,,B*® |
Opw = ®' B, WHo Ow = (D, ®)'W#(D,®) , Op=(D,®B"(D,®)

Op1 = (D,®) ddT (DED) | Opy = 10" (BTD) 9, (BT®) , Op4 = (D) (DFd) (dT0) |

but they are not independent when
we consider fermionic operators
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* The SMS couplings to fermions are modified by

Outi; = (D1D)(L;Dep) 0%} . = ®F(iD,®)(Liy*L;) 0y . = ®(iD%®)(Liv o, L)
Ouaij = (PT0)(Q;Pur,) i =91(iD,®
Ous,ij = (®12)(Q;PdRy)

A

these modify the
Yukawa couplings these modify the couplings of

gauge bosons to fermions

* all these operators containing the SMS are NOT
independent when we consider the equations of
motion
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* The right of choice

* |dea: operators related by EOM lead to the same S matrix
elements [Politzer; Georgi; Artz; Simma]

e The EOM lead to the relations

20¢ 2 —20¢ 4 = Zij (yfj06q>,7;j + ¥i Ous i + yrflj(odcb,ij)T + h°C°)
205 + Owp + Opp + ¢~ (03,1 — 205,2) = % D i (%Oc(blg,z‘i - %OC(I}C?QJL?L + Oc(ble),z'z' - %Oéli,u- T %Ogc%,m')
20w + Owp + Oww + 6% (094 — 300 2) = -4 3. (Og’%,u + Oggg,ii)

with this we can further eliminate 3 operators

* Very large operator basis =g we must choose it to
take full advantage of the available data

* Avoid theoretical prejudice (tree vs loop, etc)

* Care is needed in the interpretation
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* strongly constrained operators should be kept
Z pole physics, LEP2, atomic parity violation, etc constrain

08} ;= ¥ (D @)L Ly)  OF) ;= 81 DY®)(Livhouls) 7 W
Z O i = ¥ (DL®)Q"Q;) O, = ¥ (iD5D)(Qir0.Q))
> Ol =01 ), ®)(€r; 7" eR;)
Oc(blfc)b,ij = ‘I’T(igucb)(@Rﬂ“URJ)
Oc(plc%,zj = (I’T(iDgI’)(CZRﬂ“dRJ)
O i = ®1(iD,®) (g, dg,)
9 v
EWPT bounds: aAS =-é F pw and oAl = —§pfcb 1

FCNC constrains the off-diagonal elements of

Ocaij = (D1®)(Li®er,) Ous,ij = (210)(Qi%ur,) Ous,ij = (210)(Q:Pdxg,)

gc?e — Z f ¢ Z] OG(I)’/I:J' + h.c. =

2V,
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B The operators (Op , Oy ) modify the TGV

Ow = (D, @)W+ (D,®) , Op = (D,®)'B* (D, ®)

Lwwy = —igwwy i gV (W;,,W—“VV—WJV,,W— W) + Ry W, VR Ly

\ /

with

2 2
Zz _ Z _ g
Agy =91 — 1= gzpztw

g2v2
A/{’y:/@y_lz SAZ (fW_I_fB)

2 2
_ gv 2 2
Akz = kz —1 = SQCzAz (C fw —s fB)

there are data on that.
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e we choose the basis:

{Oca  Opw . Oww , Ow , Op . Osy . O . OF) , OF)}
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e we choose the basis:

{OGG ) %/ ) OWW ) OW ) OB ) ><
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e we choose the basis:

(000 . DG - O 0w 00 DG B D )

e after discarding the constrained operators s | 3:

* too many!

e 9 fermions: Ocs.ij, Ouwaji, Ouad i

* neglecting the effects of couplings to first two generations
* due to small statistics we trade f:o,, — f; and fuww

* sauge bosons: Ow , Op, Oww , Oca

Wednesday, March 6, 13
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* Summarizing:

coefficients related by gauge invariance

hZ Z

hW W~

YWTW =

supplemented by shifts in the Yukawa couplings (3rd family)

nice feature: dimension-six operators lead to

relations between anomalous couplings
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* Summarizing:

coefficients related by gauge invariance

hgg | hyy | Wy Z | hZZ | WWTW = | AWTW = | ZWTW

supplemented by shifts in the Yukawa couplings (3rd family)

Oua 33 + ﬁOeCI),SB

asv fg O - fww fw fB ~ , Jbot
A2

£eff — — S A2 | A2 OWW"‘ FOW—I_ FOB | A2

Wednesday, March 6, 13 13



Fitting procedure

* Inputs: signal strength for the different channels # =

* using all available data [outdate since today]

Oobs

OSM

\ \ \
bb CDF & DO

bb ATLAS 7 TeV. °

bb ATLAS 8 TeV
bb CMS 7+8 TeV
7T ATLAS 748 TeV
7T CMS 7 TeV
77 CMS 8 TeV
WW*  CDF & DO
WW —> lvly ATLAS 7 TeV
WW" —> [yl ATLAS 8 TeV
WW —> Ivly CMS 748 TeV
77" —> 41 ATLAS 748 TeV
Z7"—> 41 CMS 748 TeV

\ \ \ \

-7 -6 -5 -4 -3 -2 ~1

Signal strength (w)

0

1 2

CDF & DO Do °
| .
7 TeV ! ;
Untag 3 S1ev e — o
7 Tev :
2 Untag 2 3 ——
7 Tev L o
(5 Untag 1 a1 e
7 TeV b
Untag O a1s i e——
i 7 Tev Lo — —
e atey —OT—g
| '
| .
7 Tev Lo
Unc cent low pr g1y —=eg—
1 7 TeV o
Unc rest low p; 2TV 3 ——
i 7 TeV 3
(n Unc rest high pr g1 b —_—
| .
i(l Conv cent low psl ey e ——————
— | .
—_—— i
<C —_—
Conv rest low pr 2V | —g——
| .
—
7 TeV o
Conv tran [1¢Y e
‘ 7 Tev bl
- —_——
2 JetS high mass 8 TeV | °
low mass 8 TeV : | ———————
Lepton tagged 87ey| ——o—"f— | \ \ \

-10 -8 -6 -4 -2 0 2 4

6

8 10 12

Signal strength (w)

* The statistical analyses were done using

exp

spull

2

2
2 . (:uj_:uj ) |
s DD

o)
J pull pull
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* we also used that

EWPT:
ASppc = 0.00 £0.10 ATppa = 0.02 +0.11 AUppa = 0.03 £ 0.09
1 0.89 —0.55
p = 0.89 1 —0.8
—0.55 —0.8 1
TGV bounds:
g% Koy Kz Ret Asummption
0.98479922 1 0.97370-072 0.92470-059 PDG 1-par fit (others SM)
1.00475 055 | 0.98410 0% | GL: kz = g% — (ky — 1)s?/c® | LEPEWWG | 2-par fit with GI, p = 0.11
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Results

* First scenario: (fec » fww , fw , fB 5 feao =0 , [fr=0)
e Second scenario: (fee ., fww . fw . fB » fea » [fr=0)
Fit with f,fy,fe.fuw and fo=f,=0

N 9 | r 3 =1 L _I EI | E: A | | | | | .
éf = ‘ T:: " H 5_ L ‘5_: c —%eVJ"-"'C ‘_:
8 - E R £ 1 i1 5| --ATLAS R

= 2 1 £t 4 i3 BT E -

| - - - 4 L = K o L > - L _

6 &\ )P i F e koY e =

5 == [: o} BB il F o9 |id B ;4 B =

S I EoY-T O = S T N O ‘ N IE ;

4 FH-pERA - e O e e S R fo g B\ 3

mel : = e R = I s " i 15

S .1 1:907%t F4 = = 1]:i 3 =V | 3 =

— : - 4 E 3 5‘: 1 [£* 01 >

— - = §C — 117 _T — - ~ -

2 M e

T g v‘ A\ ER R —

O — s Ny 3 B A ¥ 1T E L A 4 Bl N A -

5 0 50 —100 0
2 -2 2 -2 2 -2 2 -2
AN [TeV™Y fu /N [TeVY f,/AN [TeV™]  f3/AN [TeV "]
g WwW W B

interference with SM contribution leads to (near) degeneracy

SM compatible at 71% CL level
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SMS +TGV +EWPT - fou 20 . /- =0

S+ 7 0 does not change the picture

<
N
o
N’
N
)
"‘< : Tevatron+LHC+TGV
| ‘ﬁ \‘ T \‘ T \‘\ T ‘ T T
g - = |
o~ 30 — —
<J < - i
S :
~ T T | T “— 20 — —
< e : ?
\ — L Fﬁt With fg’fWW1fW?fofbot Ohd ff;O:
ey ] 10 - 7
v - - [ |
# ~N  fF------qE=rd----1 F------Vv = - - -] - .
g, - 0 - :
largest impact of —100 0 —100 0 - - ]
TGV+EWPT i\ | |l| |-|:|:| |_ T ||‘| |§|§|:.| |_ —-10 ; *:
S e S Ll X
o 5 z: | [ | =20 I Y T O OB
# & coosociin Lo ! - -15 -1 -05 0 05 1 15 2 25
oW ENCTEAT ENCUE/ : fou/ A2 [TeV™)
< ________ ELa AR pute 27 AR
0 - [ )
=100 0 -100 0 - strong correlation

é‘\ [ |'| L | |_
< ]

/ } ﬁ _: fg X fbot 9
_ Y S & N
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cross sections and branching ratios

Tevatron+LHC+ TGV

|
e T

g

0 © T o O

18
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interesting correlations

Tevatron+LHCH+ TGV

3 IIII|IIII|IIII|IIII|IIII
Fit with £, fuw,fw,fs

foot=F,=0

b

Fit with £y, fuw,fw fB,f.,O;
f,—O—_

] 2 3

R ano / BRny

due o the diphoton channel
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Discussion

* we can constrain SMS couplings and TGV as well.
both measurements can profit from the basis choice

[Campos, Gonzalez-Garcia,Novaes]

‘ & 0,4 \ \ o ‘ \ \ \ \ ‘ o o ‘ \ \ o o \ \

\ \ |
., fuws Tws Tor fo=T,=0 5 - —— Agy® vs Ak, SMS -
**************** fg’ fWW’ fW:fB’ fbot’ ff 0.3 [ — Ag1z VS AIC., SMS + TGV N
..................... ... E - Ag1z Vs AK? TGV
0.2 |- ~
+ — |
....................... ,....................... : :
.................. e BR,,/BR,,* 0.1 -
........ e BRes,/ BRus™ o [
.................... PR BR,,/BR,,™ g .
-0.1 .
........... AN o SO/ o SO N -
.- Over/ Over -0.2 -
.......... ‘F | o‘\,H/oVHSM - ‘ ‘ ‘ ‘ i
_003 | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 ~0.1  —0.05 0 0.05 0.1 0.15

Ag1z
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THANK YOU

updated results at http://hep.if.usp.br/Higgs
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e The HVV new interactions are

LIV = grgg HGS G+ grpoy HAL AW 1 g4 A, ZFOYH + g

+91(L})ZZ ZuwZH0"H + gg)zz HZ,, 2" + gy

‘|‘gg%/[/W (WJVW_ oV H + hC) -+ gg%ﬂ/W HWT W — v

with
_ fGGU — g fgv
9Hgg — “A2 = T 81 A2
 (Pvs®\ Mt fuw
9H~~ = oAz |/ N 2

(1) (92”0> s(fw—fB)
9z~ — \ 2A 2¢

(\V)

g (2) L (92_1)) S[ZSQM—QCQJCW{/V]
‘gHny — |\ 2AZ2 /. \2¢

/
Wednesday, March 6, 13
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interesting correlations

S 05 [ @ - b‘g Fit with fg, fuw,fw,fe -
é ] 50\25:_ fbotszzO—:
~<20 s - gg 2: :
315 | 1° :
Pt with fyfwefufs | g E

10 © foor=F,=0 - - -
f ERRRE .

o

1 2 K/ S

f //\2 [TeV-ZJ B R ono/B RTySM

strong correlatlon

(v data)

—_— IIII| Illllllllll IIIIII Illlllll O I I | I I | [ 11 | | I I | I I
5—2 —1 S

gap is filled without pp
( Ogg decreases)
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effect of the bottom Yukawa on correlations
Tevatron+LHC+TCGV

N
o)
\

\

\

N
o
\

f,/N [Tev

W
\
\
\

Fit with £y, fuw fus e Fit with f5, fuwsfu, fe foor
foot=F,=0 JF f.=0

o
\

lack of gg->bb data

R A e L b Do I R
-2 -1 0 1 2 3 4 5-2 -1 0 1
fuu/ N2 [TV

2 35 4
fuw/ N [TeV” TevatronA\LHC+TGV

3 \\\\‘\\\\‘\\\\‘\\\\‘\\\\
Fit with fy, fyw.fw,fs

T’;bot:ﬁr:O

%Il(ﬁ [

Fit With £, fuws fusfs,food
f,=0"

—
. .
T T ‘ T T ‘ T T ‘ T 11 ‘ T 17 ‘ T

1 -
0.5 : .
O I I | I I | ‘ I I | ‘ I ‘ I | ] I | ‘ I | ‘ | ‘ I | ‘ 11 Bl
0 1 2 3 4 50 1 2 3 4 5
ano SM ano SM

B RW / B R?’Y B R‘W / B RT‘Y
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: . oy ° SM
* To evaluate cross sections we write oy = = S oy |,
Y t
FeynRules/MadGraph5 e
[ (h — X) SM
° FG,’YLO X —
* For widths (h — X) B (S x|, > (h— X)|
e use all available information
[correlated theoretical error]

L = €00 (1 4+ &) + € proVSr + € uoih + €zu0%E + €inoiy % Br*"?[h — F|

659055” + €\F/BF‘7\5}]\J34F + E%HU%% + EZHO-E% + EgHOgT]\Ig BTSMVL — F]

* The statistical analyses were done using

€Xp\2 2
2 = min (bj — ;) | Z Epull
- |
Epull < 02 O pull
J J pull

we neglected correlation between the different channels
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EVWPT: there anomalous contributions to the oblique parameters

1 é2 m2 AZ 2 A2
AS = — = A 2 - 1
. S @ 6 167“-2 {B(fw " fB) A2 o8 (mH> " (fq),Z f@,4) A2 o8 <mH>

2 2 m2Z A?
+2{(5c — 2)fw — (5¢” — S)fB} e log (mH)
2 A2
— [(2262 — 1) fw — (30&* + )fB} Z log ( )
mZ
2 2
m A
. 24 ~2 ~2 Zl
(& ww + 5 fpp) 35 log (mH>} |
3 &2 m? A? Ik
AT = _ _H ) _ v
2 2
me A
+ (&% fur + lo
( fW fB)A2 g(mH) - 0-5""I"o"I;";I"_"I""I""I """""""" -
T :
m A = =
2/\2 3/\2 . 1 i| Z 1 : 0.3 — =
+[wa+(c ) /B 12 108 m 3 :
0.1 =
] 6242 m2 A2 é %
AU = — —4 5 1 = SM Prediction =
) 3167 {( i olm) gy tos <mH> o1 T
) A2 02 =
m na =
+ 2fw —5[B) 5 A2 10&-’;( ) : U -
mZ 04 € fitter[=. ¢ 3
N = B B T B T B S T
05 -04 -03 02 -0 O0 01 02 03 04 05
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* Summarizing the results:

SMS (LHC+Tevatron) + TGV

Fit with fror = fr =0 Fit with feor and f-
Best fit | 90% CL allowed range Best fit | 90% CL allowed range
fqo/A? (Tev—2) [1.3,21.4| [-1.2,3.5]U[19,24] 1.3,21.4 | [—21,4.8] U[18, 44]
fww /A? (Tev—2)| -0.43 |[[—0.80,—0.10] U [2.85,3.55]|| -0.39 | [-0.80,0] U [2.85, 3.65]
fw/A? (Tev—2) | 1.43 [—7.0, 10] 0.42 [—7.4,7.6]
fB/A? (Tev—2) | -84 [—30, 13] 0.42 [—7.4,7.6]
foot /A (TeV=2) | —— — 0.00, 0.90| [-1.2,0.20] U [0.70, 2.1]
fr/A? (TeV—2) — — 0.02, 0.32([—0.07,0.13] U [0.2, 0.40]
BRg:" /BRSM 1.75 1.15,2.62] 1.70 0.20, 3.00]
anc, |BRM, | 0.97 0.75, 1.14] 1.02 0.11, 1.94]
RY¥Y¥Y/BRZY | 1.13 0.78, 1.45] 1.03 0.11, 1.96]
R /BRyM | 1.01 0.84, 1.06] 1.04 0.53, 1.53]
R?T:" /BR 1.01 0.84, 1.06] 0.85 0.05, 2.25]
odne /oo M 0.79 0.47,1.23] 0.79 0.35, 8]
a%;g’F Jov B r 1.02 0.92, 1.21] 1.00 (0.91, 1.13]
o o 0.98 0.58, 1.40] 1.02 (0.57, 1.49]
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Collider + TGV + EWPD

(v/™) XV

0

(V/%3) XV

0

29
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* SMS production mechanisms and cross sections

HO
t
t

8 § S 1 O E T T T T ;
= : & - \s=7TeV SM g
— = o = -
) 3 a8] 1L _
£ : x
O = © - ]

-
S | ’
o0 107} =

2
q . s 10
< )
G HO 10°E -. €
W, Z bremsstrahlung F IWH — Fvb -
\ ¥ ZH — I'Tbb N
. | | o -4
107 100 200 300 500 1000 %00

M, [GeV] M, [GeV]

HO

WW, ZZ fusion =9
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* 4th July, 2012 marks the dawning of new era

*48 years between EVWSB theory and discovery n

*|964: theory [Englert&Brout; Higgs; Guralnik&Hagen&Kibble]

* signal in many channels AA, ZZ,WWV... as for the SMS

80-5 I I I I I I I I I | I I I I | I I I | I I I pg | I I I I

? [ ] 68% and 95% CL fit contours | min Tevatron avérage + _

Q - w/o M,, and m, measurements : 7

Eg 80.45 —  68% and 95% CL fit contours : ]

- w/o M, m and M, measurements -

80.4 B M,, world average + 1c /‘ ' 7

80.35 — —

80.3 - —

80.25 — . —

- b fitter|s]f -

B | | | | 1 | | "r’ 1 | 1 r"’| 1 . 1 1 | 1 1 1 1 | 1 1 1 1 B

140 150 160 170 180 190 200

m, [GeV]
the new state fits the global picture [Gfitter arXiv:1209.2716]
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