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And the gauge bosorerriersof the strong weakandelectromagnetimteractions

g W+ 20

~

¢ In a gauge theory the Lagrangian is fully determined by sytnyme
e INn 90’s we tested fermion-GB interactions to better than 1%
e Also we have tested GB self-interactions to 5-10%
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Mostfermionshave masses
W= andZ° have mass (weak interaction is short range)
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V,V# or frf1 are not Gauge Invariant
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e To give mass to these states without spoiling renormaliggbi

= Spontaneous Symmetry Breaking

= It is the ground state (vacuum) which breaks the symmetry

= Vacuum is invariant only under a subgroup of the GS
= There will be massless excitations
= In presence of long range forces massless excitationsphsap

and the force becomes short ranged

= Generation of mass for the Gauge Bosons

e IN SM EWSSB SU(S)C X SU(Q)L X U(l)y = SU(B)C X U(l)EM
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e Most minimal choice:

o

gbO

With particular form of the potentidEnglert& Brout;Higgs:Guralnik&Hagen&Kibble]

something= fundamental scala'U (2) doublet & (1, 2)% =

Lo = (D,®)(D'®)T — (u?[@[* + A|@[*)
with 12 < 0

e SSB= choice of vacuum®, = % ( 0 )
U

= W andZ become massive
About this vacuum = fermionscan acquire a mass via Yukawa interactions { /@

= Physical scalar excitatiol(z): ®(z) = - ( %
TheHiggs Boson v



‘Intro: TheHiggs Boson I

e A few properties of the Higgs Boson

« Neutral Scalar with CP=+10"
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Intro: Higgs Decay M odes
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Intro: Higgsat ete™

2
o A2 Az + 12521 + (1 — 4sin? 6w )]

_|_ —
Zh) =
(7(6 e — ) 1925 sin® Ow cos? QW(l — M%/S)Q

M?2 4+ M?2 AM? M2
AZhE(l_hfZ)Q_ 32 “ S:(pe++pe_)2

| ee->Zh ———- M,=100 GeV .
0.6 | —-—-- M,=110 GeV -

Searches at LER{e™ /s = 90 — 210 GeV) = My > 114.4 GeV



Intro: Higgsat Hadron Colliders
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‘Intro: Higgsat LHC7-8 I

e SM main discovery modes for a light Higgs:

pp — 7

pp — L4 — 0L

pp — WW — lvly

Also:

pp — bb

pPp — TT

o x BR [pb]

=
o

-

107

107

E | I I I I I I I | I I I I E g

E T \E = 8TeV E %

_— WW = Fvqg —_ g

EVBF HA T -V g E

WH /. Fvbb WW = 'viv -

/TS ZZ - ITqg =

7 ZZ - w3

B ZZ 1T

2 l=e, 1 0

- V=VeVVe | N e ]

- | q= udsctl) \! e N

100 150 200 250
M, [GeV]



Eurekal

i -

T'!iﬁll |

e bmd |

E:I]r el ﬂurkﬁmrﬁ

L AL

ENT

INDEPEND

HOMOPHOBIA. THE COREAL
HIP-HOR AND FILES: COULD
THE STAR WHO SARKDIY

CAME OUT [H] DOWN?

MURRAY
ONE MATCH
FROM THE
FINAL

._,r'

Cshoame accnses
OvEl raL&hx.mb scaur:lal

Diamoacl: l'm
winFry (e o

EL PAI

—rreE

Ao

Rapil H.LY.

Linene Test A
Wlits Fosderal -
Awnn-u'l o]

-Tm
s ko Lo o e a

aaim
= | 4n'Bank Fromes o
Lunfcew: Sarciam’
I FIL Hepas
il H

Sen Madidde |
-
Vo teade

suhd He Hlipede* Halpdimil
1ok FIT

ot b | J.-.-u.m... e
el w mphakeri B Hrey e b
.-\._l-.u... dnaran o

I Nillbee phads
[3 .pll\.\.w\.l."

rte, Y = g

s pt e e o

T R T
i

i W\! u]l\. III

Hallada la pamc:u]u clave para

la t:umprl.namn el Iil11'lrLI.'hU-
it ahezakin s Lins

Uk b neta |l..'|i"i

-Mlll Uzl e
nla |.1-|-!n. L At

L1z
iall Tz

S
|.| an :k

L LIELER

I ks ey
£l Jegon

.
Ly 'pawi ewila die
13 ediercha Do alie nuess

i
Tu LT

Wacizral impias
areli birfpeila
#r Tarkdia

i da d rl jucz imputa a Rato )
= 32 consejeros de Bank

L3 P S S DN TRETR Y ¥ RS
Ao i

puﬁmaala [i=ica

—

" Lritkn Mnsnalabui o

ceadug

Al vlicas
B |:xi11am

et e

hraFal sea
criEmail: gara
fricemlaar o
b CRATRERANOG

- |Cescuvartaln L
s | IR O ., ... v b i it wries
= |abreungen e e

=T



e July 4th 2012 marks the dawning of new era




e July 4th 2012 marks the dawning of new era

e 48 years between EWSB theory and discovery
¢ 1964: THEORY[Englert& Brout;Higgs:Guralnik&Hagen&Kibble]

e 2013: DATA Signal in many channelgy, ZZ, WW,bb, 77 ...



Events / 2 GeV

Events - Fitted bkg

Local p

Intro: H — ~~y

10000

o Data 2011+2012
SM Higgs boson mH:126.8 GeV (fit)

--------- Bkg (4th order polynomial)

8000

6000

4000

2000

100 110 120 130 140 150 160
m,, [GeV]

..SMH — yyexpected p_ ATLAS
- ATLA
— Observed p. 0 S

10 Z ............. \\ t ~
10 Data 2011 Vg =7 TeV 50

— Obs. 2011

_ -1
e Exp, 2011 \\ J-Ldt =48fb .
— Obs. 2012 \ Data 2012 Vs = 8 TeV

----Exp. 2012 [Lat=20.7 0 o
J

PTG SIS Y U EFAIVINS SIS WA WA S
110 115 120 125 130 135 140 145 150

my [GeV]

> 7| T I T T T T I T T T T I T T T T I T T T T I T T ]
[0} - CMS Preliminary —o— Data . ]
) [ {s=7TeV,L=5.11fb"(CIC) SEBFF}:C ]
Y] Vs = _ A Ay T g Fit Component _|
1_.5000 ~is-8Tev,L- 196’ CIC) 7 :
~ [ +26 i
£4000 -
C _
o ]
i .
_03000 7:

0|||||||||||||||||||||||||
110 120 130 140 150

m,, (GeV)

S/(S+B) Weighte
o
o
o

CMS\s=7TeV,L=51f0"'\s=8TeV,L=19.61b"
q) 1 EY 1T [ TTTT [ TTTT [ TTTT [ TTTT [ TTTT [ TTTT [ TTT TE
> :'.\0 \* > Q 2
o B 2| N v ,;1
> it T 416
S107 I Iy E
= . ]
8 i ] 526
S10? 3 i / PR
10%F [ e 5%
4L -
10 g — H—7yy obs. E
- cee BxpforSMH 940
1 0—5 N e \s=7TeV _
= CMS preliminary (CiC) |.... Vs = 8 TeV 3
Citii l L1l l I l .| l Ll i1

110 115 120 125 130 135 140 145 150
m,, (GeV)



> r
8 40 (] Datal2011+2012 ATLAS
o L [ SM Higgs Boson %
o ot N ) H-Zzz*- 4l
i) - m,=124.3 GeV (fit) 1
S 35 (s=7Tev JLdt=461fb
5 | ] Beckoounaz 2z Vs=8TeV [Ldt=207 b
w C [ Background Z+jets, tt B e
301~ %% syst.unc.
251
2014
E ?‘AM’
151 ’
10F &)
5
I 1 I 1 1 1 1
100 150 200 250
m, [GeV]
o \\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\
o 5 Lo
— 10°r — ops 2012 ATLAS Preliminary
T ke Exp 2012 (*)
=T Exp 2011 = Vs=7 TeV: [Ldt =4.6 fb™
—— Obs Combjnatjon
10k - Exp Combination  {s=g TeV:[Ldt =20.7 i

10‘13J\\\‘\\\\“‘-‘l\“‘l‘\\\‘\\\\‘\\\\'::::‘\\\\‘\\\1

110 120 130 140 150 160 170 180
my, [GeV]

Events / 3 GeV

Intro: H — Z/* — 4]

20
18
16
14
12
10

S N b~ OO ©

CMS Preliminary Vs=7TeV,L=5.1fb";Vs=8TeV,L=19.6fo*

e Data

Bz
| [zv.zz

[ |m=126 Ge

LSl

110 120 130 140 150 160 170 180
m, [GeV]

Lol ol ol uﬂm T

— Observed 7 TeV
— Observed 8 TeV
= Observed 7+8 TeV/
- -+ Expected

70

\ CMS Preliminary

i Hozz- 4

s=7Tev,L=51b" |

i (s=8Tev,L=10.67"}

\‘\\\\‘\\\\.}“‘1\\\‘\\\\‘\\\\s!‘\\\\‘\\\\

110 120 130 140 150 160 170 180
m,, [GeV]

cod ool ol vl il vl 1o LHMN}'C\;M\*-\“




\Intro: M ass |
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Intro: Summary of Other Channels
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Spin-Parity Determination
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Spin-Parity ATLAS - CMS Overview &

CMS ZZ*(4¢) ]

1l production comment expect (u=1) | obs. 07 Jjobs. | 5o I
0 gg—+X pseudoscalar 2.60 (2.80) 0.5¢ 33¢ | 0.16%
0, gg — X | higher dim operators | 1.7¢(1.8¢) | 0.00 17c¢ | 81%
20 | 88— X minimal couplings | 1.8¢ (1.90) 0.8c 270 | 1.5%
20 | X minimal couplings | 1.7¢ (1.90) 1.8¢ 400 | <0.1%
1 qq =+ X exotic vector 2.8¢ (3.10) 140 ||>4.00 | <0.1%
i g7 =+ X exotic pseudovector | 2.3c (2.60) 17¢ ||>400 | <0.1%

ATLAS and CMS: “bosonic” decay modes

Strongly favor JF = 0* SM quantum numbers

All alternative J® models tested:
Excluded @ >95% CL

F. Cerutti LBNL - EPS-HEP Stockolm 2013
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Assumption only one or two couplings varied at a time

Couplings Overview
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‘Intro: Couplings I

e Several phenomenological multi-coupling analysis
¢ In general assumed re-scaled/shifted SM couplings:
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e July 4th 2012 marks the dawning of new era

e 48 years between EWSB theory and discovery

e 1964:

e 2013:

New state fits the global SM pictuf€fitter arXiv:1209.2716]

THEORY[Englert& Brout;Higgs:Guralnik&Hagen&Kibble]

DATA Signal in many channelgy, ZZ, WW ,bb, 77 ...
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Our goal:-study the Couplings of the new state using

Courtesy of O. Egolll)ottom-up approach and largest possible dataset
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‘ Effective Lagrangian for a SM-like Higgs Boson I

e Someconservative/realistic/agnosassumptions

New Physics
e There is a mass gap
between SM and NP
e OneNew State:CP EvenandSpin 0 SM

e New State belongs t8U (2) doublet: ®

e SU(2) x U(1) is realized linearly as in the SM

o D,®
e Building Blocks ofLes: B, =i% B,, W,, =iloc*Ws, G,



e To parametrize departures from the SM predictions we write
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/ \ Dimension-6 operators
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e To parametrize departures from the SM predictions we write

EeffZLSMJrZ%O@Jr...

/ \ Dimension-6 operators
I >
s ..“‘,

Summarizing NP effects
of scaleA

e There are 5Independendimension-6 operators
[Buchmuller&Wyler;Gradzkowski et al arXiv:1008.4884]

= There Is freedom in choosing the operator basis
= Possible to choose a basis to make best use of all availatale da

Application to Higgs pheno: Hagiwara, Szalapski, Zeppkehteep-ph/9308347;
de Campo=talhep-ph/9707511,9806307; MCG-G hep-ph/9902321,; Hxalihep-ph/9802408,0001030



e A partial list of operators involving the scalar and SM gabgsons

Oce = dT® G2, G Oww = ®TW,, W Opp = ®'B,, B"®
Opw = ®'B,, W* ® Ow = (D, ®)' W (D,®) Op=(D,®)'B"(D,d)
Op,1 = (D,®) & 3T (DHD) g = 10" (®7®) 9, (BT®) Os4 = (D,.®)" (D"®) (BTD)

. 1 0
e In Unitary Gauge &®(z) = —=

2\ v+ h(x)



e A partial list of operators involving the scalar and SM gabgsons

Oce = dT® G2, G Oww = ®TW,, W Opp = ®'B,, B"®
Opw = ®'B,, W* ® Ow = (D, ®)' W (D,®) Op=(D,®)'B"(D,d)
Op,1 = (D, ®)" & 0T (D*®) Op = 20" (d7®) 0, (2'®) 04 = (D,®)" (D'D) (®7D)
(a) Operators with Higgs and its DerivativgsD, & = (0, +i3g'Bu +igZe W) @]

+x Scalar Field Redefinition Required

2

v
H=h|1+ IA2 (fo1+2fo2+ fo.4))

= Rescale of all the Couplings of the Higgs



e A partial list of operators involving the scalar and SM gabgsons

Oce = T® G2, G Oww = &TW,, W d Opp = ®'B,, B ®
Opw = "B, W d Ow = (D, ®)'W* (D, ®)  Op = (D,®)'B"(D,®)
Op1 = (D,®)" & OT(DHD) O = 10" (®70) 9, (BT®) Opa = (D,®)' (D"®) (27)

(b) Operators Inducing Higgs-Gauge Boson Couplings whierldoop in SM

x Coupling to GluonsO¢qa In SM -—--

x Coupling to PhotonsOgw Oww Ogg In SM T



e A partial list of operators involving the scalar and SM gabgsons

Oce = T® G2, G Oww = &TW,, W d Opp = ®'B,, B ®
Opw = "B, W d Ow = (D, ®)'W* (D, ®)  Op = (D,®)'B"(D,®)
Op1 = (D,®)" & OT(DHD) O = 10" (®70) 9, (BT®) Opa = (D,®)' (D"®) (27)

(b) Operators Inducing Higgs-Gauge Boson Couplings whierldoop in SM

x Coupling to GluonsO¢qa In SM -—--

x Coupling to PhotonsOgw Oww Ogg In SM T

medeg byt. Z andg, ¢ ©

= Also HVWV VVV VVVV A :



e A partial list of operators involving the scalar and SM gabgsons

Oce = T® G2, G Oww = &TW,, W d Opp = ®'B,, B ®
Opw = "B, W d Ow = (D, ®)'W* (D, ®)  Op = (D,®)'B"(D,®)
Op1 = (D,®)" & OT(DHD) O = 10" (®70) 9, (BT®) Opa = (D,®)' (D"®) (27)

(b) Operators Inducing Higgs-Gauge Boson Couplings whierldoop in SM

x Coupling to GluonsO¢qa In SM -—--

x Coupling to PhotonsOgw Oww Ogg In SM T

medeg byt. Z andg, ¢ ©

= Also HVWV VVV VVVV A :

*OBW: g\/\/\}{/\/\/fz ?ASO(]CBW



e A partial list of operators involving the scalar and SM gabgsons

Oce = dT® G2, G Oww = ®TW,, WH Opp = ®'B,, B*"®

Opw = ®' B, W Ow = (D, @)W (D, ) Op = (D,.®)'B*(D,®)
Op,1 = (D, @) & & (D*D) Ogo = 10" (21®) 9, (BT®) , Op.a = (D,.P)" (D'D) (213)

(c) Operators with GB Stress Tensors dng® [ D, ® = (0, +i59' By +igZe W) @]

Op Ow

<\

= HVV VVV VVVV



¢ Higgs Coupl to Fermions are Modified byD[,® = (8, +i59' By +igZe W) @]

Oco,ij = (®1@)(Lider,)  OF) . =@t(D,@)(LirtL;) OF) , = &M (iD%U®)(Liv'oaly)
Oupij = (B10)(Qidur,) 0§, =S (IDL)Q"Q;) O . = B (ID%UD) Qi 0aQ;)

Oas,ij = (PT®)(QiPdR;) Ogble),ij = 1(D,®)(er, V" er;)
| Ogblzz,z’j = ®T(iD,®)(ar, " ur,)

1 = .

Od,ij = 1 (Du®)(dr, 1" dr,)
1 =~ . _

Oy s; = 1 (iDu®) (ag, v dr,)

These Modify the Yukawa These Modify the Fermion Cou-
Couplings plings to Gauge Bosons

e All the Operators Contaning the Higgs aYet | ndependent
Related by the Equations of Motion



‘Operator Basis: The Right of Choice I

e Operators related by EOM lead to the same S matrix elements

[Politzer;Georgi;Artz;Simmalj
e The EOM lead to the relations

e Uu d
208 9 —20g 4 = ) (yij Oed,ij T Y;jOCud,ij T yz’j(od@,ij)T + h-C-)
(]

2 1 1 1
/2 1 __4d (1) (1) (1) o) S )
205+ Opw + Opp +9'% (Ca,1 — 503 .2) = — %5 Z <_§O<1>L ii T 5 CeQii ~ Poe,ii ‘2 5 Ceu,ii — 5 Ped,ii
3 3
20y + Opw + Oww + 9° (O<I>,4 - %O¢,2> = -4 Z (Ofm) i Oc(pc,)gm)

EOM allow to Eliminate 3 Operators



‘Operator Basis: The Right of Choice I

e Operators related by EOM lead to the same S matrix elements

[Politzer;Georgi;Artz;Simmalj
e The EOM lead to the relations

e Uu d
208 9 —20g 4 = ) (yz’j Oed ij T Y;jOud,ij T9;;(Oqa, ij)T + h-C-)
(]

2 1 1 2 1
/2 1 __4d (1) (1) (1) (1) (1)
205+ Opw +Opp + 9% (0a,1 — $04,2) = - %5 Z <_§O<1>L ii T 5 CeQii ~ Poeii T CPvuii T 5 P0d,ii
3 3
20w + Opw + Oww + g2 (O<I>,4 - %04%2) = -4 Z (Ofpg ii Oc(pc,)gm)

EOM allow to Eliminate 3 Operators

Data DrivenApproach to Choice of Basis:
= Avoid Theoretical Prejudice (tree vs. loop, etc...)
= Choose Operator Basis Easiest to Relate to Available Data

= Keep Operators Most Directly Constrained by Existing Data



e Z-pole physics, Atomic Parity Violation .

..constrain
O) ;= S (LirLy) O] = @1 (D%)(Liv L)
Z OfPlC??,w = qﬂ(i; ) (Qiv"Q;) OS@%,U = q)T(iELu(D)(QiWMUan)
\082 ;= (D, ®)(er, v en,)
0%, i =0 (lD ®)(upr,vHur,)
Ogblcg,ij = &T(iD, ®)(dr,v"dR,)
Ogblzzd,ij = T(lD ®)(up;v"dr;)



e Z-pole physics, Atomic Parity Violation ... constrain

Z

04} . = ®(iD.®)(Lir"L;)

OEI}C?Q,ij = (I’T(’ig;q’)((?w“@j) (9((1,322,”
Ogble),ij = (I’T(D(_;(I’)(ER{YMGR)
Ogblzz,ij = q’T(ﬁL@)(ﬁRiV“URj)
Ogblcg,ij = CI’T(”;&L(I’)(JRi’Y“de)
Ogblzzd,ij = &)T(ig;q’)(ﬂRﬂ“de)
e EWPD BoundsAt tree level aAS = —é2£

A2

3 — _
0f) . = @1 (iD%®)(Li"oaL;)

= ®T (D9 ®)(Qiv"0aQy) \

fBW aAT =

2
2 U
_6 -

2A2

fo 1

Z,W



e Z-pole physics, Atomic Parity Violation ... constrain

O8) 1 = 1)L Ly)  OF) = 81 (D%®)(Liroul;)
Z_ 00, =® )@y 05 = BT D) Qi ea@;)

\ Ogble),ij = ¢T(D£¢)(5Ri7“€Rj) \
Oaij = ®1 (D ®) (R, ur,) zZ,W
Ogblcg,ij = @1 (D, ®)(dr,v"dR,)
O, . = B1(D, @) (ap, " dr, )

2 2
e EWPD BoundsAt tree level aAS = —éQ%fBW aAT = —éZQUWf@,l

e Bounds on FCNC Constrain the Off-Diagonal Elements of

Oeca.ij = (CI)T(I))(Ei(I)@Rj) Oua.ij = (CI)T(D)(Q@URJ-) O4p.i; = (T®)(Q;Pdg,)

m] v?

Hff _ of F £, i foo_— g2 y
= L _gHijszijH with gHij_ - 5@3+\/§A2ff<1>,zy



e OperatorsDy, andO g modify Triple Gauge Boson Vertex

Ow = (D, ®)'W* (D,®) Op=(D,®)'B"(D,®)

Lwwv = —igwwv {gY <WJVW_“V” — WiV, W~ “’”) + kv WIW, VR 4 L }

with
2,2
Agy =g —1= Hfw
2, 2
Aky =ky,—1= L5 (fw+fB)
2, 2
A/{Z =Ky — 1= %(szw—82f3>

and we have data on TGV so we keep them



e Using the EOM we eliminateOg 2, O 4, Opp

and choose the basis

Oce , Opw , Oww , Ow , O, Os1 , Ofs , O;lqz , 05312



e Using the EOM we eliminateOg 2, O 4, Opp

and choose the basis

Occ , O, Oww , Ow , Op , Og(, O}é’ OE”E(’ (%(%

e Using pre-Higgsdata >< most strongly constrained



e Using the EOM we eliminateOg 2, O 4, Opp

and choose the basis

Occ , O, Oww , Ow , Op , Og(, O}é’ OE‘B(’ (%(%

e Using pre-Higgsdata >< most strongly constrained

e After Discarding the Constrained Operatess13
x 4 Involving Gauge Boson®ae ., Oww , Ow , Op
* 9 Involving FermionsOcs i , Ouaii , Oda.ii

Neglecting effects of couplings to first and second genamati

Due to small statistics on ttH associate production

effects of O, 33 reabsorbed in redefinitions of coefficients®f, v ,Oca
= two relevant fermion operators leff2 ;4 33 ,Oes 33



e INn Summary

Lops = —%23%06c + &

S A2 OW + LBOp + bet (OFFS .33 T A2 Oecb’,?,g

coefficients related by gauge invariance

- ,
hgg | hyy | W\YZ | hZZ | \WWTW ™ | AWTW ™ | ZWTW ™
Ogg | vV
Oww v | v v v
N\
OB v v v v
Ow v v v v v

supplemented by shifts in the Yukawa couplings of bottom-and



e In Summary for Analysis of Higgs Data

a apy v 1 w 2 U
Eglﬁ = JHgg HGWG MY 4 g~y HAL AP +g§{;7 AL ZHOY H + g;I)Z'y HA,, Z"
9\ Z,,Zh0VH 4+ ¢\2)  HZ,, 7" +¢\0)  HZ,ZH
S (ijw— hov H + h.c.) +g B HWE W 4 g0 HW W e

+ > (gf“gfffoRHJrh.c.)

f=Dbot,T
with
0) a2 V2G )1/2 (0) —  M2,(V2G )2
9ygz7z — Z( F) dauww — W( F)
o < f 2 2
9Hgg = fcz;\gv = _g_w/\%v 9H~y = - (92}{3 ) szw
_ (2) _ s2 (2) _ s%2 (2
- %QHZW = 2957z = T90wWwW
(1 (g%) s(fw —fB)
Iz~ — \ 2A2 2¢
(1) _ (g%) c fw+sfp (1) _ (g2_v) fw
I9uzz — \ 9A2 52 I9gww = 2A2 ) 2
f _ f 2
Iuff = -5 T \/%A2 fr



e Inputs: signal strength for the different channelg = Jobs.

Analysis of Higgs Data

\ \ \ \ \
bb CDF & DO ‘ . — COF & DO | ‘ ‘ N—
bb ATLAS 7 TeV . o Untag 3 7Y _e=——e—
I ' Untag 2 2Ty ——
bb ATLAS 8 TeV * . - -
— Ly Untag T ZT =
bb CMS 7+8 TeV e = Untag0 77 B
77 CDF & DO : : jj L?;::ETZV _;7_._ —_—
7 . : MET 8 Tev —_——
TT ATLAS 748 TeV \\_._ Electron 8 Tev _._%_._
77 CMS 748 TeV i —e— Muon 8 Tev —
WW CDF & DO [ Unc cent low pr 738 —2s=
i ! Unc cent high p;, ——*—— =
WW' —> [l ATLAS 7 TeV —— Unc rest low py 11 | ——g—
WW*—> [vlv ATLAS 8 TeV ! e— Unc rest high py 212V A —_——
WW = Iyl CMS 7 TeV | e L Conveentlow prlll | e Tt
WW —> [l CMS 8 TeV e < v —e—
| 5 Conv rest low py 7TV | e
Z7'—> 41 ATLAS 7+8 TeV | —— _
77'—> 41 CMS 7+8 TeV e Conv tran 7TV -—
Zy—> ATLAS 7+8 TeV | 2-jets L steneey | e
Zy—> CMS 748 TeV . 1 3 e e T
" | | il | | | | One Lepton 8 Tev Lo
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 MET O, e Tt
—10 — 8 —6 —4 —2 O 2 4 6 8 10 12
Signal strength (w)

Signal strength ()




‘ Analysis of Higgs Data I

e With all the data points we construct

o ,,&XP)\2 2
2 . (:uj :uj ) fpull
X~ = min 5 +
1 O o)
*Where
F cOMO (1 4¢ )+€F cOMO _(14¢ )_|_€F oAnO (14¢ )+€F Uano(1_|_£ )_|_6F_ oamno
_ 99%gg g VBF°VBF V BF WHWH VH ZH"ZH VH ttH " ttH
e = F oOM . F —SM L F ~_SM [ F _SM_  F _SM
BIATO [y _, ] 99799 VBF°VBF T"“WHWHT TZH ZH T+tHttH
r —
&

BroM [h— F]

+ Production factors®, _ are given by the collaborations
« oM andl'?™ are known to one or two—loops
« For anomalous contributions we scale the higher-ordel) @ffects as in SM :

ano

ano __ Oy SM
Oy = oM Oy ‘h—o
tree
ano Fano(h’__> )() S M
I (hHX):FSM(h_)X)t r>Y(h—X)|,




e Also combined with
TGV Bounds: fy, fB

Lwwv = —igwwv {QY (WJVW_“V” — WiV, W~ “’”) + kv WIW, VR 4L }

with
2 _
Agi =gf —1= Lsfw
2 _
Aky =ky—1= %(fWJrfB)
2 2
A/{Z =Ky — 1= 8962%(62]01/{/—82fg>

(from LEPEWWG for this scenario)

Ky = 0.98410:049 o2 — 1 00419028 with p=0.11



e Also combined with
EWPD: (with fiww, fiw, /B at 1-loop)[Hagiwara,et al; Alam, Dawson, Szalapski]

L2 m2 a2
alAS = — 3(fw + fB) log —5 + + 2
A myr

2 _ o (5c2 _ m% ﬁ
(50 2)fW (50 S)fB 5 log )
A mys

2 2 2 2

m A m A
_ {(229 — 1) fyw — (302 + 1)fB] —Z log (—2> —24c? fyypy —Z log (—2>
A m7, A

A 3 e? f m%_I . A2 ( 2f f )m2Z . A2
alAT = og | —— | + (c + og | —5—
4c2 1672 B A2 m%__[ w B A2 m%__[
2 2
m A
+ |2¢% fr 4 (3¢2 — 1)fB] Z log ()
A2 m2
Z
A LS iy i) 2 ey s 2 -
aAU = — — —4 +5fp log | —— | + (2 —5fp log | —
3 1672 W A2 m2, v AZ m%

More model-dependent: tree vs one-loop?, finite part@pes not factorize



e Also combined with
EWPD: (with fiww, fiw, /B at 1-loop)[Hagiwara,et al; Alam, Dawson, Szalapski]

AS = 0.00 £0.10 AT =0.02+£0.11 AU = 0.03 £ 0.09

1 0.89 —0.95
p = 0.89 1 —0.8
—0.50 —0.8 1



Results

e First Scenariof, , fww , fw , fB8 5 foor =0, , fr=0
e Second Scenaridfy , fww , fw ., fB , Jfeot s Jr

f

Fit with f, fw,f Sfww ONd beot: =
N>< [ \:E I \E:{ I:M : : :\ ] *: V+LH l:\ %\ [T
< : : = : : A?LAS : :
' ...cms

‘\\ \\‘\ \\\‘ L1l \‘\\ \\‘\ L1l
‘\\ \\‘\ \\\‘ L1l \‘\\ \\‘\ L1l

FLT o+ o L Ty
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=

“ULUUJUlU%HHﬂHﬁHﬁE”'
T

il R | = = . = =

A Ed B S
L = - [ I
THE =B

f, /N2 2v2] WINN \/'2]? f v Tev ey
g " e W/ TeV /N [TeV ™)

Interference with SM contribution leads to (near) degecyera
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‘ Best Fit and 90% CL rangesl

e From Tevatron+LHC+TGV

Fitwith fy ¢ and f+

Fitwith f,; = fr = 0
Best fit 90% CL allowed range Best fit 90% CL allowed range
fg/02 (TeV—2) 0.64,22.1 [—1.8,2.7] U [20, 25] 0.71,22.0 [—6.2,4.4] U [18, 29]
firw /A2 (TeV™2) -0.083 [—0.35,0.15] U [2.6, 3.05] -0.095 [—0.39,0.19]
fu /A2 (TeV™—2) 0.35 [—6.2, 8.4] -0.46 [—7.1,6.5]
fg/A2 (TeV—2) 5.9 [—22,6.7] -0.46 [—7.1,6.5]
Foor/A2 (TEV™?) — — 001,089 | [—0.34,0.23] U [0.67,1.2]
/A2 (TeV—7?) — — -0.01,0.34 | [—0.07,0.05] U [0.28, 0.40]

SM predictions within 68% CL range for all couplings

Unitarity Violation in V, V;, scattering due tgyy p at 90%CL= A < 2 TeV




Cross Sections and Branching Ratios

e From full x*(f;) one can derive allowed ranges fgf"* andI""

Tevatron+LHC+TGV

9 T T =" T T T T T T T T T T 1 [ T 1 El T T ,\ T T3 |
Fas |Hii [ fest=0 Nii0 P 7]
g YO ERE ]
[ S O ww
S — 2z -
5 - bb| - R
4 ; i ,,,,,,,,,,,j::,TTé ; 777777777777777777777777777777777777777777777777777 fg’ fWWv f\% fB’ fbot’ fT
3 \Eei/oo = = ;
5 b I T T /= A PO BR,,/BR,,*
[ S T SRS D R e R N <A BRyw/BRys™
~2]< 2 7 T AR ‘fb t‘#‘ gﬁ EE0 T T T A = B B ’_. ........................ BR,;/BR;™
7 ; 'Irl ::_::fT#ld é ; ........... : ........ BRbb/BRbbSM
S = L T = U BR,,/BR,,™
g S 3 E i — Y
4 ;7 - 7::_:777~ 777777777 Tj :T 77777 ; : ', :_- = e .. ........................................... O'gg/o'gg
3 -9 ]S == E o d .—
5 ;7“ ””””””” ; i 77777777777 _: cyvslr'/ovm'sM
T N S A ENS g — T/ O™
0 E PR IR DR = \ | |
0 1 2 3 40 0 1 2 3 4

B Rano/B RSM

90% CL ranges



Interesting Correlations

ano SM
Uggf / Uggf

2.5

1.5

0.5

Tevotron +LHCH+TGV

Flt W|th fg,f‘,,w,f,,,,fB 1 [
foot=F,=0] |

lll‘llll‘lll

‘N[N[‘NNNN‘N[N[‘NN[

With £, fum fus o Foats T

Re) 2 2.5 30

B R”,ono/ B RnyM

Due to diphoton channel

0.5 1 1.5 2 2.5 3

B R”,ono/ B RnyM



‘ Constraintson TGV from Higgs Results I

e Gauge Invariance> TGV and Higgs couplings are relate@;; , Op
e Analysis of Higgs resultsarginalizing overf,, fww, fvot, [+
= bounds onfyy ® fp = Ak, @ Agf

95% CL
%0.4 [ T T T T ‘ T T ‘ T 1T T T T ]
5 I ! : : A Z g2v?
0.3 - 5 ; Agy =91 —1= gz fw
 HIGGST 292
! 1 Aky =ry—1= 25 (fW"‘fB)
0.2 - -
il 2 _ 2
o1 b ] Arkz =Kz —-1= Sgcij\z (CQfW - 32fB>
0 - :
-0.1 — —
-0.2 - —
ATLAS WZ .
_0’3 B | | | k | ‘ | | ﬁ ‘ | | ]
-0.1  -0.05 0 0.05 0.1 0.15

z
Comparison to constraints from TGV a%blysisl_EP, Tevatronand ATLAS



\What Next? |

e To combine full Higgs and TGV 7+8 TeV data in this framework

e To exploit the different Lorentz structure of the anomalopsrators
Analysis of full kinematical distributions not only signstrengths
Only possible within the collaborations

e To study the most promising signals for LHC-14 still allowed



‘ Concluding Remarks I

e After 5 decades we have finally observed a state which seems
the one responsible for EW SSB

e So far all observations consistent with state having quamumbers of SM
Higgs Boson

= Consistent to parametrize NP in scalar secta$&$2) x U (1) Gl L.y
e Freedom of choice of basis of operators fr
= In absence of theoretical prejudice it pays todaka driven

e This framework consistently accounts for
relations between Higgs couplings and GB self-couplingstauGl

= Interesting complementarity in experimental searches



