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5] The distinctive taste [of this Higgs]
— T

flavor | ‘flaver|  (Brit.fAavour)

noun

1 the distinctive taste of a food or drink: the yogurt comes in eight fruit flavors | adding sun-dried tomatoes
gues the sauce extra flavor.
* the general quality of taste in a food: no other cracker adds so much flavor to the cheese.
* a substance used to alter or enhance the taste of food or drink; a flavoring: we use vanilla and
almond flavors.

2 [ in sing. | an indication of the essential character of something: the extracts gwe a flavor of the
content and tone of the conversation.
* [ in sing. | a distinctive quality or atmosphere: whitewashed walls and red pantiles gave the resort a
Mediterranean flavor.

3 a kind, variety, or sort: various flavors of firewall are evolving.

4 Physics a quantized property of quarks that differentiates them into at least six varieties (up,
down, charmed, strange, top, bottom). Compare with cOLOR.
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\

= (self-inflicted) Mission: impossible

N,

CMS

Charged Higgs tau nu + jets 20 b1 27/09/2013 Oct2013 | SMH > mumy TWiki PAS
§ Oct-2013  ttH Combination TWiki
| High Mass WW(Ivlv) ATLAS-CONF-2013-067 21 fb-1 18/07/2013 T T —
(eps) Gipeg) Higgs to Diphoton differential cross sections ATLAS-CONF-2013-072 21 fb-1 18/07/2013 Aug-2013  Full 8 TeV dataset: VBF H -> invisible T X
Higgs in VH(WW) ATLAS-CONF-2013-075 25fb-1 18/07/2013 GG RIS VOISR WU Tk, PAS
Jul-2013  Full 8 TeV dataset: tiH, H -> bb or tautau TWik, PAS
Higgs in VH(bb) 25fb-1 18/07/2013 Jul-2013 dataset: H-> 2Z -> 212] TWiki, PAS

ttH (diphoton) ATLAS-CONF-2013-080 20 fb-1 25/07/2013 ataset: h ->2a + X -> 4mu + X TWiki, PAS
Jataset: VH, H -> invisible TWiki, PAS

FCNC top to Higgs (diphoton) Charm ATLAS-CONF-2013-081 25 fb-1 25/07/2013 -
dataset: VH, H -> WW(2[2nu) + V -> j TWiki, PAS

Spin Combinati ATLAS-CONF-2013-040 upto 25 fb

May-2013 Full 8 TeV dataset: VBF H, H -> bb TWiki, PAS

Couplings Combination ATLAS-CONF-2013-034 May-2013 Full 8 TeV dataset: ttH, H -> gamma gamma  TWiki, PAS

Higgs to Diphoton spin  ATLAS-CONF-2013-029 May-2013 Full 7+8 TeV dataset: VH, H -> bb TWiki, PAS

Higgs to WW(lviv) spin  ATLAS-CONF-2013-031 May-2013 Full 8 TeV dataset: H -> WW -> InuJ TWiki, PAS

! Higgs to WW(Iviv) ATLAS-CONF-2013-030 11/03/2013 May-2013 Full 7+8 TeV dataset: H -> ZZ -> 212nu TWiki, PAS
— 2HDM WW(iviv) ATLAS-CONF-2013-027 13 fb-1 11/03/2013 Apr-2013  Moriond Higgs Combination Twiki, PAS

Combined of Mass ~ ATLAS-CONF-2013-014 upto 25 fb-1 05/03/2013 Mar-2013  Full 7+8 TeV dataset: H -> gamma gamma  TWIki, PAS

3 5 . Mar-2013 Full 7+8 TeV dataset: H -> ZZ -> 4|
‘ Higgs to Diphoton ATLAS-CONF-2013-012 25 fb-1 05/03/2013

] wam | ™ o e Mar-2013  Full 748 TeV dataset: H -> WW -> 212nu

Higgs to 4 leptons ATLAS-CONF-2013-013 25 fb-1 05/03/2013

Mar-2013 Full 7+8 TeV dataset: H -> tau tau
ZH (invisible decays) ATLAS-CONF-2013-011 18 fb-1 05/03/2013 Mar-2013 Full 7+8 TeV dataset: H -> Z gamma
Higgs to dimuon ATLAS-CONF-2013-010 21 fb-1 05/03/2013 Mar-2013 Full 7+8 TeV dataset: H -> WWW -> 313nu
Higgs to Zgamma ATLAS-CONF-2013-009 25 fb-1 05/03/2013 Mar-2013  Full 7+8 TeV dataset: VH -> tau tau

0 Present a coherent view of present-day results of Higgs
couplings from the LHC and Tevatron experiments.

o Any omission or mistake are the speaker’s fault (send email).
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& How SM Higgses are born

[http://cern.ch/go/cWH8] [http://cern.ch/go/Sn)8]
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4.43 + PROPHECAF 2.0

[ ] ) — (.08 e . anxiv:1208.18i
2 2 HSMAWW.ZMm/bb.CE.SE,dd,uHM’f. wiete
3 0.07—
CE/RW OW I g g S e S I e < [ <m>=124.7% 0.1GeV
\
~7

= 0.06- o(m,) =6.0+ 0.1 GeV

X XeIndf = 61.6 /68

T 005"
[http://cern.ch/go/qkhé] [arXiv:1208.1993] go.m;
=003
. Near to maximal [1BR, —  °%
01 Couplings and SIS \
. . . — C 000 10 120 430 140 *;id(‘G‘eive“;o
kinematics drive BR (bb, 1
-~ :_—I T T | T T T | T T T T T T T |—_~n
IS C———— WW i
v S
. c I~ —g
0 Decays with photons Sl 0 77
L —— ]
(v 7, Z7) through S —Ay) :
I + | cC -
oops. o
mlO’Z E_ _E
b, 77, ¢ 1 t 4 g o - .
A pdd 9 - —
H -« H -« 1t T | .
B, - _+_, E, ’u + t ""'zrhv\ g 10-3 ! 5
e W,Z s’ "~ VAT )
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measuring.higgs@cern.ch  Flavor of Higgs 2014



& First things first: the mass

[arXiv:1406.3827] [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb' Vs=8TeV,L<19.6fb"

| 10_! L R B S T YL I e e e e : T -
- H— YY + H—ZZ —— Combined
o O ww eeHan, | HoW !
- — H->2ZZ I
< 7_I | T TT | UL | UL | UL UL T 1T | UL | T TT | LI N 8: HW(VBF’VH) —
S [ ATLAS —— Combined yy+4l 1 1 :
Y gl 1s=7TeV [Ldt=451b" —  Hoyy = 75 -~
C \s=8TeV [Ldt=20.3fb" —  Ho 77" 4 ] . ]
5:_ ------ VYithOUt systematics _: 6:— E
- - 5F =
L i S e S e A R il IREE R —2¢ - -
i ] 4k -
3_— | E E
- . 3 -
2 — - ]
s . e E
L N S /A ERR:
0_I I —— I . I L y L | L . I\ ‘IOI L | L | —— I_ :I 1 1 1 1 1 | | I ) I S SN SN N N S | 1 I:
123 123.5 124 124.5 125 125.5 126 126.5 127 127.5 0 124 126 108
my; [GeV] my (GeV)
ATLAS s
my 125.36 £0.37(stat.) £0.18(syst.) GeV 125.7 £0.3 (stat.) £0.3 (syst.) GeV

Naive average: 125.5 10.3 GeV
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@ More on ATLAS mass

-2InA

0 Slight difference in
ATLAS results:

my " V-m, %2 = 1.47
+0.67(stat.)
+0.28(syst.) GeV

1.970 (p=4.9%).

1 Using more
conservative energy
scale uncertainties:

1.80 (p=7.5%).

T T T T T T T TT

TTTTTTTTT

IIIIIIIII|IIII|IIIIIIIII|IIII

121~ ATLAS
B \s=7TeV det =45fb" i
- s =8TeV j Ldt = 20.3 fb .
10 —
= [ A A RARARARRS RN T n
; &\ 127 ézgﬁfv?dtﬂ,stt)f‘ ;36
8 | Ev i \s><=8::ViLdt=20.3fb |
B 1261 —28"/:fCtL __________ N
— e 95% CL -
- [ —Amg=0 —
6 |
N o oo
Aot 7 e 12InA(0)
B TR RRET YA ]
2 | —
------------------------------------------------------------------ 1o
O v Pl o
“1 3 35 4
Am, [GeV]
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Oversimplified big picture
-

T — Tevatron; A — ATLAS; C — CMS; combination drivers in red.

H—cc

H—HH

o
|
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(o

H—TT H—WW H—ZZ H—7YY H—ZY H—inv. H— U U

%
2
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)
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E
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:::
()]
(1]

'm

x

TIA|C T|A|C T|A|C T|A|C T|A[C T|A|C T|A|C T|A[C T|A|C

ggH b db ddh b (b db I g b dIEEER ‘i< - % | -
VBF *| K K Kk *x * * X * | - * *| - *| -
VH R dh {1 | K K X * Ow * x| - * k| -

m * x| X *| * * x| -

0 Still much to explore on the rarer ends.

(to the right and to the bottom) (and outside this picture =
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Relq’rlve signal strengths

[arXiv:1303.6346] [ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

ATLAS Preliminary Total uncertainty s=7TeV,L<5.1f" \s=8TeV,L<19.6 b’
1 my =125.5 GeV +loonu Combined CMS Preliminary m, = 125.7 GeV
Tevatron Run Il, L, <10 fb’ : ¥=080£014| p _0.65
int H— Ty ; sm
m, =125 GeV/c® =1 574_2 :: g oo bb
[ Combined (68% C.L.) Ho 2z 4| W= 1154062
—il- Single channel =1 Mﬁ;‘; :
: H-o1t
Hovyy ] i H—Ww* Mv1 00032 § p=1.10+0.41
~ -0.29 i
- N i H—yy
H— W'W W,Z H— bb 0 =027 : w=077+0.27
’ I
H- 1ttt H — tt (8 TeV data only) H o WW
w=1 .4ﬁj : 1L =0.68+0.20
VH- Voo - Combined Hos 77
I Y N SR NN RN R w=1. 30+.g:: 5 l | n=092+0.28
0 2 3 4 5 6 7 8 9 10 L . ' -
Best F|t (G 5 Br)/SM 7TerLdt 4.6-4.8 " 'O 5 0 0 5 1 1 -5 2 0 1Bsest fitZG/G 25
Vs =8 TeV fLdt =20.3 fb" Signal strength (u) SM
my 125 GeV 125.5 GeV 125.7 GeV
.I .44 +0.59_O.56 .I 030 io.‘l 8 0080 io.‘l4
o/0g,

Naive average: 0.98 £0.11
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&) Production mechanisms

[ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb' {s=8TeV,L<19.6fb"
1 I 1 1 1 1 | T

I 6 T T ——— T
>, 5 + Ho1
T
s- 10I_ I L | L | LI LI I LI I L I'l |.I T I L I _I g + H % WW
% L+ Standard Model "% ATLAS Prellmlnary 4 3. + H-ZZ
I - x Bestfit H . i
N3 gl —eeo i N Vs=7TeV [Ldt=46-481" - al- 4+ H-obb
;} [ e g \ Vs=8TeV [Ldt = 20.3 b ! i + Hoyy
[ \ —Hoyy ]
6_ : —H-oZZ* >4l _
- . —HoWW S iviv - - o
4 n ".' ‘\‘ —H-ou ] 21 B ——
- \“~:;“ \\\; | | + ]
- ‘\\;:;‘ - 7 ‘-‘ — 0— —
o S E T B _
- m,=1255GeV R SNy 4 ] i i
_2 Ll l Ll 1l l Ll Ll l Ll 1l I Ll L1 I I I |- I Ll 1l I Ll 1l I 1l | |
_2 _1 0 1 2 3 4 5 6 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1
Lo -1 0 1 2 3
u*y'y,ZZ JWW* 11 u
ggF+ttH ggH.ttH

0 Scale fermion-mediated (ggH & ttH) and
vector-boson-mediated (VBF & VH) together.
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CERN
\

ATLAS Prelim. |+ "zﬁitgz,c_ Total uncertainty
— O\theory
my = 125.5 GeV o(theory) + 10‘ + 20

H +0.7 : ! : :
- -05 : :
YY +0.4
M yBFvh =1 +0.8 [~ 02 5
] - : :
+23 [ .
H—e2ZzZ' >4 [ -
u M gg —
VBF+VH __ +2.4 |7 [ :
M ogFattH 0'6—0.9 ‘:gg ) :
+1.4 : o
H—> WW* - vy [-99 N
+1.3 L ;
Yopran _ 4 q+1.9[7 %4 - ;
Mogrst 1.8‘1 0 fg:g f : :
+5.3 : :
H—1t -1.0
to : :
u w |-06 : ;
MVBF+VH = 1 71‘1 ol

ggF+ttH “l-03 | 4|___‘__4’_—
+0.5

Combined S04 ; T
uw os| X :
MVBF+VH =1 4J:8; +0:2

9gF+tH ot | i g

o 1 2 4 5

s=7TeV [Ldt=4.6-4.8 fb"

Is=8TeV fLdt=20.3fb"

u

/
VBF+VH pLggF+ttH

1

-2AInL

= N W »p OO0 O N 0O © O
——

Illllllllllll

Production mechanisms

[ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<19.6fb"

lllllll]llllll[ lllllllllllll

—— Combined
= — H-o11
— H—-> WW
— H->2ZZ
— H-> vy

—_ +1.1
u VBF,VH /u ggH,ttH — 1.5 -0.7

\ (3.20)

Illlllllllll]lllll

OLIIIIIl|IIII|IIIII1II|IIl|1|||||||||||||||||

OO

/
Hygrve Hoghiin

0 Ratio of production scaling factors does not depend on decay mode.

0 > 30 evidence for L gy [ M gouun > O in both experiments.
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Ga uge sector

Mixed
sector

\,

Down type
Loops (Y, g) are

sensitive to BSM
contributions.

Quark loop
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2l Couplings deviations
B

Production modes Detectable decay modes Currently undetectable decay modes
2 _
OggH _ Kg (Kba Kt, mH) PWW(') . 2 Ptt _ 2
oSM " SM = Kw M —
ggH g WW(*) tt
OVBF 2 r
—— = K Kw, Kz, M | [—— :
5™ vBE(KW, Kz, M) 22) 2 —EE see Section 3.1.2
VBF PSM Z I‘SM
OWH _ 9 zz*) o8
OSM = Kw T.- Fcé 2
WH bb 2 SM K
_— —— K P =
O7ZH 2 'SM b cc
W R KZ bb P —
(o3t B
“ Lot 2 rsM b
OttH o Mo % s
com— — Kt F - fe
SM L r _ .
oS} ,
ttH 5 R Kg
Fyy . { KE(Kb’KtaKnKWa mH) I‘irldu;
SM |
L3y 5
2 Total width
PZY . K ZY)(Kb’Kt’KxaKW’mH) 2
'SM - K 'y Ki (Kz' , mH)
Zy (Zy) PSM = 2
H !

0 Single state, spin 0, and CP-even.
1 Narrow-width approximation: (0 XBR) =0 - [ /T ...
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Couplings deviations
e

[arXiv:1209.0040]

Production modes Detectable decay modes Currently undetectable decay modes
sM = Kw rsm 0t
Wwis) tt
Lyz .2
: ™M~ Kz
OWH Kg ZZ=}
sM T W _
OWH Lyp 9
OZH 9 M T b
sM Kz bb
a
ZH r
O Tt 2
_wHo 2 ™M T %
oM t L =
ttH

0 Contributions resolved at NLO QCD and LO EWK.
0 Peg the as-of-yet unmeasured to “closest of kin”.
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&) Couplings deviations

Production modes Detectable decay modes Currently undetectable decay modes
2 _
OggH { K% (Kb, ke, Mp) Cywie) 2 1% 2
_— = - = _ = t
O-SMH Kg FSM W PSM
gg Wwi=) tt
OVBF 2
—— = Kipp(kw,kz,m | - r )
SSM vBr(KW, Kz, M) 22 _ 2 —EE see Section 3.1.2
VBF PSM Z I‘SM
OWH 9o Z7Zi*) Eg
SM - K\N I‘ . FCE 2
IWH bb 2 i = Ki
— = K 'sSM
O7ZH 2 'SM b cc
sy T bb I
ZH T = K}
O Tt 2 I\SM b
ttH K2 IW = K; 88
SM - t . e P _ 3
g - -
ttH 5 BT 2
PY‘{ . { KE (Kb: Kty Koy KW, mH) I‘Sl:'i N
SM L
Iy Ky
2 Total width
FZY Kiz )(KbsxtsKnKWsmH)
) - (2 2
| Kiz I'm
Zy (Zv) rSM = 2

0 Total width as dependent function of other K.
0 Total width scaled as free parameter.
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@ Probing custodial symmetry
T

Probing custodial symmetry assuming no invisible or undetectable widths

[Free parameters: kz, Awz(= kw /xz), k(= ke =k, = K:).]

H— vy ‘ H— Z2zZ™ H—- WWH H—-bb | Horth
ggH k2 (xe,xp,Ke Kz Az ) xZxZ x2-(xzhwz)? xFx?
ttH x; (xi) %2 (i) 2 (%i) T AC))
VBF Kypr(%z%zhwz ) (% ,%6,Ks Kz Awz) %y pr (Xz,%zAwz ) X7 k2 (X2 Kz hwz)- (xzhwz)? svpr(%z,XzAwz) xf
Kf{ (xi) "%{ (xi) KE{ (xi) K,%] (x:)
WH (xzsz)z-xggm XKf,51 Kz Awz ) (xzhwz)* x5 (Kzlwz):'(\(zlwz)z (kzhwz )2 X2
xig (xi) xip (xi) wig (i) Kz (%i)
ZH X% Xy (K¢ Kr X5 XzAwz) Xy Xy xz-(xzhwz)? KK
x%{ (xi) KQH (xi) KH! (i) K§H (i)
Probing custodial symmetry without assumptions on the total width
| [Free parameters: kzz(= xz - kz/xu), Awz (= xw /xz), Arz(= xr /xz). _
H— vy 1 22% H—-> WWH Hobb | Hotth
H
gt%H X5zMpz - %5 (Apz, Mrz, Pz, Mwz) X570z %Gz - Myz Koz hiz Moy
VBF | x5, %0pr(L Myz) - 5 (Arz, Az, Mz Awz) | x55%0p(1 Myz) | %22%0mr(1 Myz) - Myz | X22%0sr (1 Myz) - Mg
WH K7z Mvz - & (M2, Apz, AFz, Awz) K7 Myz K7z Mz - Myz KzzMvz Mg
ZH 77 - & (Arz, Apz, Apz, Awz) K77 77 - Myz K57 " Mg
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. Probing custodial symmetry

[arXiv:1303.6346] [ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary s =7TeV,L<5.1fb"' s=8TeV,L<19.6fb"
1 5.0 T T e

£ 4_55_ }"WZ’ Kz Kf: — Observed _;

< - ' --Exp. for SMH |

- AE T T .] .| L R I R B Al 401— ! . E
G [ ----- Best Fit Tevatron RunIl,L_<10fb | & 1o~ ATLAS Preliminary ) Duzhezizl - ' 4 o) - . E
e r int 2 f (s=7TeV, [Ldt=464810 ] 3.51 : ; E
8 1.5 - 68% C.L. £ " s P — Observed B . : E
. L [ l95%C.L. K; floating o gl s=8TeV, [Ldt=2031 - sMewcees 3.0 ' =
= L - Combined H— vy,ZZ* WW* t1,bb expecte . - ' : g
5 I — SM=n/4 Co ] 2.5 : / E
K] B — - H h E
o i . 2.0F ' H =
o i N R s ' / ]
5 | s -. : :
g 05 , ] - E
2 [ ,_ 1 1.0f —— -
O B - . ] 5 \ ! E
U . S I s S S 1 osf Y =
0 : EE—— g L] 0. oE N |

0 0-5 m oA . . . 416 0.5 1 15 2

Mz Mz

Tevatron ATLAS
[Kw Kz K [szrler"‘zz] [AWZ'KZ'KF]
Az 1.24+234 0.94+014 . 0.86 +0.13
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Weak bosons and fermions

m [arXiv:1209.0040]

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: xy (= xw = Kz ), X¢(= K: = Kp = K.).

H — yy H—-ZZ% |[H->WW® |Hobb | Hortt
g gH KRN K'fl . K%, " fz Kf
ttH xZ (x;) xZ (x:)
VBF . .
KV.KV Kv'Kf
WZE KII(K"') "'}I(Kz)

H— Y Y resolved into

14 14
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Weak bosons and fermions

[arXiv:1303.6346] [ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"

- 2.0 L T T
¥ [ TevatronRunll, L <10fb’ o - Kys K p
e Local maxima A SM L 3 e T 1_5:_ T .. _:
L - - | 0 —_ a
| Mles%clL [ Jo5%C.L. 050 ATLAS Preliminary + SM E g // N ]
41 "t ls=7TeV, J-Ldl =4.6-4.8 fb" x Best fit 3 1.0 [ @ ! -
i M =1 2F (s=8TeV, [Ldt=20.3 10" —68%CL - i i\ 0/ i
i - ; * WW* 1z bb -- 95%CL ] 0.5F e =
2 15[ Combined H— yy,ZZ*WW*ttbb  __ ~7 "% = - e ]
; s N I, 24 oof .
°or osf-  TTTTTTTT e Y- — E
: o 3 . :
25 g E I ) S S .
[ -0.5:— _____ = - 1
e I 4 -15F -
[ e b L L - E L L L - | | E - NN S S A RN B S S N S A S S S S S S S S S A }
0 0.5 1 15 2 88 0.9 1 1.1 1.2 1.3 14 20 0.5 1o 15
Ky Ky Ky
p(SM) - 10% <10
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&) Weak bosons and fermions

[ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary E=7TeV L<5.1fb" E=8TeV L<19.61b"

[T =TT I L I L I T I T I LI I L L L I LI B 2- -
* :H—=bb - 0 SMHiggs e F hobic @ Bkg. onl
4 ATLAS Preliminary E*",H — Pub ',:! gy 0 '9gs ' ermiophobic g. only

Vs=7 TeV [Ldt = 4.6-4.8 fbo"! ‘Iél —=yy @ Comblned

3 \s=8TeV [Ldt=203 b + SM X Best Fit —;
E_H —TT E 1T
o
1

06 07 08 09 1 1j'12'13 14 15 16 .
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&) Composite (R.Contino)
I

" Leading effects in tree-level couplings and ZY rate

2 2 = Hi
v L(h— Z v f Higgs decay constant
CVacuacdz]-"‘O(F) %ZI—FO(F)
M
Mpew = g*f 5 47I'f
CMS Preliminary s=7TeV,L<5.1f" Vs=8TeV, L= 19.6fb"
M‘"2-0-""""'l""""'l""""ﬁ !IL _|""|"'_'!""|""I""I vl | "]
- Kvs Ky ] - ATLAS Preliminary + SM .
15F o= E [ (s=7TeV,[Ldt=4.6-481" * Bestfit E
100 i ) E C {s=8TeV,[Ldt=13-20.7fo" — 68%CL ]
: ey ) ; - ~+-- 95% CL .
B ) s by o _]
0.5 o o R o - = .
F et B 7
0.0 4 . 1 mcHm4 . b
- e . ’
-0.5__ $, ........ - 1 : :
- é:’t O N\c\'\“‘s _
1.0 T . - B i
- ° N T T ]
15 E A G — = =
-2.0: : ! % 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 ;:
0.0 0.5 1.0 1.5 0.7 0.8 0.9 1 1.1 1.2 1.3

Ky
Red points at (v/f)? =0.2, 0.5, 0.8
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Looking for new particles

m [arXiv:1209.0040]

1.2

Probing loop structure @assuming no invisible|or undetectable widths
Free parameters: xg, X, .

H — yy H—2Z% |H->WW® |H—-bb | H—ottt
ggH k1 (ki) Ky (<:)
ttH
VBF K2 1
WH Kit (x:) LT (i)
ZH

Probing loop structure allowing for invisible or undetectable widths
Free parameters: xg, ,, BRinv. undet.-

H — yy H—-ZZ% |[H->WW® |[H-bb | H—otth
ggH K'!21 (Ki)/(l—BRinv.,undet.) K'Izl (Ki)/(l—BRinv.,undet.)
ttH
VBF K7 ' 1
WH K']zl (Ki)/(l_BRinv.,undet.) xlzl (Ki)/(l_BRinv.,undet.)
ZH

2 SM
k=T /T5
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5] Looking for new particles in loops

[ATLAS-CONF-2014-009] [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb' Vs=8TeV,L<19.6fb"

Q’ 2_0_| T1T 111 |1|<| |]|<1 rrrrrrrprrrrrrrrryrrrrrrorro
B 3 ]
1.8 ”e —
MD) _I L I T 1T I LI I LI I T T 1T I L T 11T I T 1T I T 1T L I_ 1.6:_ _:
2.4 ATLAS Preliminary + SM E - .
20oF Vs=7TeV, j Ldt = 4.6-4.8 fb! x Best fit = 1.4 - E
C -1 - 0, . = .
of Vs=8TeV, [Ldt=2031b 68%CL ] 1.0F e -
- Combined H— yy,ZZ*, WW* t1,bb -~ 95% CL = - T .
1_8__ __ 1 OT- ........ / \ ~... ]
16F E s / \\"~.,. :
P 1 os8f . \ -
14 - Tl = [t ~o .
- \ .. ] e, S~ —— —
1.2 N DY — 06: ............ — 7
— N So — [ LA LT PEPETE Ll b N
|= T T = 0.4 =
0.8 B — 0.2 ]
0.6:IIIIIIIlIlIlIIlIIIIIIIIIllIlIIIIIIIIIIIIlIlIIlII_—' 0. :llllllllllllllllllllllIllllllllllllllll:
68 09 1 11 12 13 14 15 16 1.7 1.8 0.0 0.5 1.0 1.5 2.0
Ky Ky

ATLAS _ams

1.19 %9155 19 0.97 £0.18
K 1.08 £0.14 0.83 £0.11
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A further take on loops
26 | [CMs-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<19.6fb"

Effective H—> v 7, 5 S A AL :
H—ZY, and ggH 5:— .......... E
loops. E P f
4 .

0 Woaiting for more ; /"“\\ ]
3l / ]

data. ; / \ :

i / ]

o / \ .

2: l \ |

i / \| ]

: [ -

i | | ]

O’-lllllllljlllllllllilIIIIllIIIIlEIIIIlIII_
0.0 0.5 1.0 1.5 2.0

K,
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&) Looking for new particles

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<19.6fb"
5.0_|||||||||||lllllll‘[lllllllll’l'llllllIl[lllIIIIII

- : ]
< 4 53_ K'Y’ 1(g’ BRBSM — Observed E
R R R R R R R :1140;_ ----Exp. for SMH ]
e 10 ATLAS Preliminary [K'Y’Kg!BRu] | , g = + =
S b s5=7Tev, [Lot-46-481" ' - 350 =
é B 1 — Observed ] ~E g .
s & s=8TeV, [Ldt=2031b B a0k ; E
" "L Combined H— y,ZZ* WW*ar,op ~~~ SMexpected : “F -
6: Limiting to physical range BR >0 . 2.5 l," =
i 1 20 -
<o T s
i 1 1.0f -
21— — E ’ ]
: : 0.5:_ ' _:
0— 1 b*—'_l-l—_l—l'l L1 1 I 111 I | T - I | N T - I | - I 11 ;_ 0 O: —I‘I‘I’I’I’II'I IIlIlIlIIlIlI III|IIIIIIIlIIIlIlIlIlI:
0 01 02 03 04 05 06 0.7 0 0.2 04 0.6 0.8 1
BR,, BRgsm

ATLAS . ams

BRgsm <0.41 (95% CL) < 0.52 (95% CL)
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Probing the fermion sector
S | e 20900100

u-type | d-type lepton
I COS & COS & COS &

SM-like

COS &

2HDM

Probing(up-type and down-type fermion symmetry|assuming no invisible or undetectable widths
CMS free parameters: kv (= xz = xw), Aau(= Ka/%u), xu(— Kt).
‘ Probing up-type and down-type fermion symmetry w1thout assumptlons on the total width

ee parameters: Kuu (= Ku * Ku /KH ), Adu (= Kd /%u)s AZu (= ¥v /Ku).-
H—>W H—2z® [H->WW® [Hobb | Hovh
s H K121 g(;"dua 1) Ky O"dua 1 xduy)"Vu) KﬁuKéo\vdu, 1) '7\%/11 K%uKé()\-du, ].) . 7\.(2111
VB tH uu Ky (}"du, 1, Mus 7‘-Vu) Kﬁu . 7\-%/11 K121u . Kﬁu
w1l VBF
7] V;g k2 My - K2 (s 1 Ay va) K22 A2, K22, A2,

[ Probing(quark and lepton fermion symmefry)assuming no invisible or undetectable widths

CMS I’ree parameters: Ky (= xz = kw ), Ag(= ¥1/xq), Kq(= Ke = Kb).

‘ Probing quark and lepton fermion symmetry without assumptlons on the total width
ee parameters: Kqq (= Kq * Kq/KH), Mq (= K1/Kq), Avq (= kv /Kq)-

H — yy H—27zZ® [H—> WW® [ H— bb H—ovt

o H
z H K<2:1q : KYQ(la 1, }"lqa 7\Vq) K?}q : )"%/q K(21q K<2:1q : )"lzq

—| VBF

WH | K20 - €2(1,1,Mq, Avg) KeaMrq - Mrq Kaq Mg | KaaMrg - My
ZH
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& Probing the fermion sector

m [CMS-PAS-HIG-13-005]

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"

CMSPrellmmary {s=7TeV, L<51fb Vs=8TeV,L<19.6fb"

—1 9.0 AR LRARRR pamRmanan [T ] 1 9.0y T T L ]
< 450 A Koo Ky —Observed |’ E 45l Mgy Kop Ky f—Observed ]
:1] 4.0; --Exp;forSMH 1 :1] 4.0; ---- Exp. for SM H _
T A R
3.0/ - 30 | i E
P AU Y I
1.0f " 1.0f A
0.5F | - 0.5F A\ =
L T e B e
Mgy Mg

CMS

[1.00, 1.60]
(68% CL)

[0.89, 1.63]
(68% CL)
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&) Probing the fermion sector

[ATLAS-CONF-NOTE-2014-009]

Floating total width

A: _| T T | L | T .| |. | T T 1T | UL | T T 1T | T |g | L I L ] Ag i T T | T T T T I T T T T I T T T T | T T T T | T T ]
g 10— ATLAi l?/reh[:lmary . Mokl — — % 1ol ATLAS Preliminary 1 Mhoked
- \s=7TeV, [Ldt=46-48f0 3 - s = =4.6-4.810 ]

E L 's 8 Tev {Ld Lose e ] E [ e-7 TeV, { Lot =4.6-4.8 1fb D -
\ - \S= eV, t = 20. ] b h - Vs=8TeV, |Ldt=20.3fb .
- Combined H— yy,ZZ* WW*ttbb SMexpected . _ Combined H—s W.ZZ* WW*ttbb SM expected ]
NN o o A R : ' . : ]

6 __ ‘\‘ ) / ‘I‘ ‘|| l:’ —_ — —

4__ --------- L e b A A —_ o N\ M N . __
ISR N\ AN 1 Lo NN N ]

0 _| 11 I 1111 | 1 |\? 1 1 1 I 1111 | 111 1 | 1 1 1 /l' 111 I 1111 I_ I 4 1 1 1 1 I 1 1 1 N 1 i

2 -15 -1 -05 0 05 1 1.5 2

[—1.24, —0.81] U [0.78, 1.15] [—1.48, —0.99] U [0.99, 1.50]
(68% CL) (68% CL)

ATLAS
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) The deviations that we do not (yet) see

ATLAS Preliminary Total uncertainty {s=7TeV,L<51f" Vs=8TeV,L<19.6fb"
my, = 125.5 GeV .
. + 1o + 20 CMS Preliminary ¥ 68% CL
Model: ky, k¢ ! |
Pgy=10% +0.08 ; ; | T ' ==95% CL
KV=1 A 5-0.08 _— . ‘ /- 1o KV +l
: : \ / '
. : \ 2 of ]
Ke=0.990 00 o\ g '
Model: A, kyy “‘.‘ /f , Kf *l p _ 0.37
Pg,=10% 10.14 : : \ '] i/ O, R . IO—
Apy=0.867515) o ‘ L '
: : : \ 7 e
Model: A, Ay K22 : : \ e A'WZ ’ p =0.41
Pg,=19% +0.14 : : VB T ! Lo SMoiiis
Myz=0-94 4 5 | I i 9 A '
Model:2,, A, Ko, B/ g \ s ol —
oo Ay, € : | 2 du : P, = 0-39
[-1.24,-0.81JU[0.78,1.15] |- N[ Ao NP o] s g ———_-  nnmnnwmyyyywmw,nw—we,
Model: A,g, Ay, Koq L/ : ' )’I —'*— _
p.,=15% Mg € 3 ; 9 q ' Pg,, = 0.49
[-1.48,-0.99]U[0.99,1.50] ; e I B R T
Model: kg, x, K *'
p5M=9% +0.15 : : \ / 29 g '
K=10855 ) o N :
‘ : 2 +
P B N N | V5 N I e Py =023
Model: ;. x,, B _ 5 : E
Ps""BR,  =-0.16702 5 @%oL 10 E”RBSMT_— Pgiy = 0-41
iU Ut P-080 |y P I P v v e e b b by

2 -1 0 1 2 o 05 1 15 2 25

\s=7TeV [Ldt= 4.6-4.8 fb" Parameter value

(528 TeV [Lat =203 " parameter value
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& Resolving SM contributions
I S e

ATLAS Preliminary Total uncertainty {s=7TeV,L<51fb" Vs=8TeV,L<19.6 o'
my = 125.5 GeV t 1o + 20 CMS Preliminary 4 68% CL
Model: x, Ky, Ky, Kp,s Kz : . w— Q5% CL
p,,=13% ' 29 )
7 049 f N L - KW -'
. E
K =0.680%0 Ky et ——
k, € [-0.80,-0.50] ;
[0.61,0.80] K e
K, € [-0.7,0.7] Kb '*
. € [-1.15,-0.67] Ky C eoe— p_ =052
U[0.67,1.14] l i | l srr
2 0 0.5 1 1.5 2 25 3
s=7TeV [Ldt=4.6-481b" Parameter value parameter Value
\s=8TeV [Ldt=20.31b"
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& Resolving SM contributions
B I

CMS Prellmmary {s=7TeV.L<5.1fb" ys=8TeV, L< 19 6fb

0 Individual coupling o - — T
scaling factors: — - .
n ,:CgK v ok & [ |™68%CL ]
wr Z b/ t T ~~ ° p
o All loops resolved: 2 1 [=9%% CL 7 o
" K y(le K[) o _ W’ ]
" K (K, K < T A :
0 SMH width scaled. 1
: P L ‘ cMs Prelimin-ary E
o0 P(SM)=0.52. i b S I -
0 “Reduced” couplings as R W e -
function of “mass”: 102F |.- N -
o A;= K, (m/vev) Eo ) :" N
5 (oy/2ven)!/2 = K12 — T
mV/Vev I ool [ N |p’:1r|ar|ne e
1 2 345 10 20 100 200
mass (GeV)
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Spin is so much more than a number
I I

0 The spin-2 amplitude has many (higher-order) terms:

~3 ~o
AX 5V V) =A1 [29(2)t L frDna pr@va 4 9oy VM Frua pr@vs 4 g(2) %t - ( frOm pe@) | g2 f;g))

+g£2) A2 t f:(l)aﬁf*(2) +m (29(2)t etp,e*u_l_2g(2) qu2ct » (GIVGEQ a *u) +g(2) qu t“,,e’{e;)
~ = o (2)y za
9.9 * F*(2 *U _*p o g t q ~0 [ ¥ * =V =
+08 2 tun O +m (gff’ ol q” + S po g8 (61 (465) + & (qel)))] : (18)
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Spin is so much more than a number
35 [ [arxiv:1208.4018)

01 The spin-2 amplitude has many (higher-order) terms:

AX = ViVh) = A~ [g@)t fr e g ‘”“*W W)
+W+W+M )] ’ 18)

0 Keep only dim-4 terms (g, = g5 # 0):

o Graviton-like “couplings” (27 ).
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= J': a simplified picture

\
N,

36 | [arxiv:1208.4018)

0 Until there is enough data, perform pairwise hypothesis
tests against SMH (0¥).

0 Select models using simplifying assumptions on amplitudes:
O O (parity) “from” ZZ.
O 2% (graviton-like minimal couplings) also “from” WW and v 7.

scenario X = ZZ X—=WW X =y
0;, vs background 5.0 5.0 5.0
0, vs OFf 1.7 1.1 0.0
0f vs 0~ > 2.9 1.2 0.0
of vs 1t 1.9 2.0 -
0, vs 1~ 2.6 3.2 —~
0F vs 2F 1.5 > (238 2.4
0, vs 2, ~5 1.1 3.1
0 vs 2, ~5 2.5 3.1
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& Parity: H—ZZ—4%

[ATLAS-CONF-2013-013] [arXiv:1312.5353]

0 Discriminants built from decay

angles and invariant masses.

1 Profiled likelihood ratio test
statistic.

0 CLg criterion protects against

fluctuations from null
hypothesis.

CL,
P(obs.| 0%)
P(obs.|0Y)

measuring.higgs@cern.ch

is=7TeV,L=51";/s=8

.7 b

Dyyy>0.5

- CMs
«' Data i o OprrrrrrrrIT
= ound 22" ATLASPre([:)mlnary g ok .
Bl Background Z+jets, f  H—ZZ -4l S
Signal (m, = 125 GeV) 2 7F e
—F=0" " §=7TeV|Ldt=4.6" S of EEmzx
= wf
5¢
3
2
1
J*-MELA Discriminant
03— 17— @
é F T I 1 1 I i 8
= [ ATLAS Preliminary —Data E o4
W0.25F H 272" 541 Signal hypothesis | 5 -
[ E=7Tev: fLat=46m" (m=125GeV) % r
0.2[ fs=8TeV: [Ldt=20.7 1" ~£=01 9 0.081
 J°-MELA A g X
0.15[ " =03 g 0.06|
I i
D 0.04
| [
| L
| 0.02
I r

L T N T
log(L(H J/L(H.)
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Vs=7TeV,L=511b";Vs=8TeV,L=19.71b"

0 10 20 30
-2In(C, /L,)




Even odd mix?

[arXiv:1312. 5353]

@ e T CMS (s=7TeV,L=51fb";{s=8TeV,L=19.7 fb"
s L Lo’ : Q 1 2 LA B I B I N A H N A
E o1 Elo . c L 2
g — CMS data - L |
2 008 . < i Expected i
o 10 -

7 Observed i

10 20 30
2xIn(C, /L£y)

|as|03
1201 + |az |02 + |as|203

fa3 -

f_, (6,,=0,17) < 0.47 (95% CL)
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= Other JF in H—-ZZ—40

CEl
N,

[ATLAS-CONF-2013-013] [arXiv:1312.5353]

CMS Vs=7TeV,L=511b"Vs=8TeV,L=19.7 ft'
3" —8- CMS data - - - Median expected
o> 60 MH0":1o [ NP ]
| Soeo WSi
g O3 g O3 g ¥ ol 030 Se30 s z z a z s § .
£ | oamas Preliminary  —Data £ | ATLAS Preliminay  —pata £ | anas Preliminary  —Data : : : : : : : : : : :
W05 27" 541 Signal nypotness | B 0.25F H 5 22" 41 Signalnyomesis 7 B 0.5F H 227 41 Signal nypothesis : ; H H : : : ; : : :
0F oo rag ] 0f Gy g ] o4 marefaimn g eg ] 205 ]
b omeLa —h =0 T omeLa —h=o T - meLa —f=0
0sf S0 oas o o3 ~£=20 i i : : i i : i : : :
A d 1§ e 0 H : i i ﬁsﬁﬁ ?
ot J1y 8 1 o fid : a1 i i : : i i i i : i i
Ty R \ : : : : : : s i i i s
SIS N SNy o0 8
% H05 o0 5 10 15 905 o0 5 10 15 Y50 5 10 15 : : : i i : : 5 : : :
Tog(L(HYL(H)) Tog(L(HYL(H)) og(L(HYL(H)) -401 ; : : : : i i § : ]
¢ q 1 T T T 2 2 2z 2z 2z 2
any any qG—X any qg—X any gg—X qG—X any gg—X gg—X gg—X
JP-MELA analysis J” model J” production Expected (x =1) Obs.0" Obs. J*  CLg
- - 0 any 240 (2.70) —09c  +360 _ 0.09%
tested J* for tested 0" for of any 1.70 (1.90) —00c +180  71%
an assumed 07 an assumed JF CLS 1~ qq— X 2.60 (2.70) —140c  +48c 0.001%
m 1~ any 2.60 (2.60) —1.70 +490  0.001%
expected | observed | observed 1+ qq — X 210 (2.30) ~15¢  +4lc  0.03%
0" | po | 0.0011 0.0022 0.40 0.004 1+ any 2.00 (2.10) -190  +450  0.01%
+ 002 2% gg — X 1.70 (1.80) —08c  +260  1.9%
1" [ po| 00031 | 0.0028 0.51 0.006 2t q — X 160 (170)  —160 +360  0.03%
1= | po | 0.0010 0.027 0.11 0.031 24 any 1.50 (1.50) ~13c  +300c  14%
+ 2 — X 1.60 (1.80) —-120c  +31c  09%
2% | po | 0.064 0.11 0.38 0.182 b g8
m . . . : b .
= 2! gg — X 3.70 (4.00) +180  +190 = 3.1%
2" | po | 0.0032 0.11 008 | 0.116 | 2 gg — X 400 450)  +100  +300  17%
~——— —

ATLAS _oms

Worse CLg for J#0 <18.2% <3.1%
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Nobel prizes...
N

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

Share this: E1E E1Ed 1.8 ]
The Nobel Prize in Physics
2013

|

Photo: A. Mahmoud Photo: A. Mahmoud

Francois Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 2013 was awarded jointly to Francgois
Englert and Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider"
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...and knighthoods.

Eminent physicists receive royal honours

by Deborah Evanson, Colin Smith, Gail Wilson
16 June 2014

‘4 Be the first to comment

Two of Imperial's physicists, best known for predictingand = Printthis story
finding the Higgs boson, have been knighted in this year's
Queen's Birthday honours list.

measuring.higgs@cern.ch  Flavor of Higgs 2014



Flexing your BICEP2 muscles

n [arXiv:1403.3985]
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7 Who knows ¢

Multipole

measuring.higgs@cern.ch

Is Higgs Inflation Dead?. (arXiv:1403.4971v1 [astro-
ph.COJ)

12 hep-ph updates on arXiv.org by Jessica L. Cook, Lawrence M. Krauss, Andrew J. Long, Subir
Sabharwal / 1d // keep unread // hide

We consider the status of Higgs Inflation in light of the recently announced detection of B-

The Gravitational Wave Background and Higgs False y the BICEP2
Vacuum Inflation. (arXiv:1403.5244v1 [astro-ph.CO]) v BICEP2, the
1 hep-ph updates on arXiv.org by Isabella Masina / 1d // keep unread // hide ion genera"y

al to ask if Higgs
s essentially no,
syond the

of the onglnal
For a narrow band of values of the too auark and Hiaas boson masses. the Standard

ModelHi Hjggs inflation still alive. (arXiv:1403.5043v1 [hep-ph])
where pr 5 hep-ph updates on arXiv.org by Yuta Hamada, Hikaru Kawai, Kin-ya Oda, Seong Chan Park / 1d //

keep unread // hide
is an ass

that banc

the tensc
collabora

Hiégé Chaotic Inflation and the Primordial B-mode
Polarization Discovered by BICEP2. (arXiv:1403.4132v2 ial becomes small

[hep-ph] UPDATED) sonsider the Higgs
33 hep-ph updates on arXiv.org by Kazunori Nakayama, Fuminobu Takahashi / 4d / keepunread # Ut that the non-
e 1aller than ten. For

lich is consistent with

We show that the standard model Higgs field can realize the quadratic chaotic inflation, if
the kinetic term is significantly modified at large field values. This is a simple realization of
the so-called running kinetic inflation. The point is that the Higgs field respects an
approximate shift symmetry at high energy scale. The tensor-to-scalar ratio is predicted to
be r 2~ 0.13 — 0.16, which nicely explains the primordial B-mode polarization,

r=0. 20_0 05 recently discovered by the BICEP2 experiment. In particular, allowing small
modulations induced by the shift symmetry breaking, the negative running spectral index
can also be induced. The reheating temperature is expected to be so high that successful
thermal leptogenesis is possible. The suppressed quartic coupling of the Higgs field at high
energy scales may be related to the Higgs chaotic inflation.
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Published in PRL but...

[http:/ /cern.ch/go/nré6]

Home = Physics » General Physics » June 19, 2014

BICEP2 researchers publish nuanced account of stunning patterns in

the microwave sky

2 hours ago

T jackinite

&8 &2 2 &

R /.
50 0 -50 50 o -50
Rght ascension [deg |

0

BICEP2 T, Q, U maps. The left column shows the basic signal maps with 0.25° pixelization as
output by the reduction pipeline. The right column shows difference (jackknife) maps made with the
first and second halves of the data set. No ... morev

Following a thorough peer-review process, the researchers who previously announced
the detection of B-mode polarization in a patch of the microwave sky have published
their findings today in the journal Physical Review Letters.

Featured Popular Most shared

Superconducting secrets solved
after 30 years " Jun 17,2014 = 15

:: 0ik Move over, silicon, there's a new

a crrcun in town " Jun 17,2014 = 1

« = ~ The BICEP2 collaboration addresses these claims directly, changing, removing and
?: G G adding some analyses, but they acknowledge that they cannot rule out the possibility
i that dust may be partly or entirely responsible for the gravitational-wave-like signals.

uantum theory reveals puzzling pattern in

how people respond to some surveys  Jun
16,2014 14

Quantum biology: Algae evolved
- to switch quantum coherence on
ﬂ‘"’\ and off ~ Jun 16,2014 1 13
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= Published in PRL but...

n [http://cern.ch/go/8HwP]
PhYSiCS & Math |search New Scientist ||(;o»| m

Home News In-Depth Articles Opinion CultureLab Galleries Topic Guides Last Word Subscribe Dating

SPACE TECH ENVIRONMENT HEALTH LIFE |l 6ileil'iy 8y SCIENCE IN SOCIETY

Home | Physics & Math | News

Big Bang breakthrough team back-pedals on major resulit

» 18:56 19 June 2014 by Jacob Aron , Lisa Grossman and Stuart Clark

It was hailed as the discovery of the century. But now the researchers who . W Tweet, 65 8+, 0
earlier this year reported the first detection of primordial gravitational waves — Sham 7 O B M A

ripples in space time hailing from the early universe — say they are not so

sure after all.
"Has my confidence gone down? Yes," says Clement Pryke of the University
of Minnesota, co-leader of the team that reported the original result.

In March, the team, which uses ate  The paper published today is significant because it is the first time the

South Pole, announced their discov

Astrophysics in Cambridge, Massac  f€Searchers themselves have dialled back on their original claims.

online

Today, the first peer-reviewed version of their results appears in the journal
Physical Review Letters — and it backtracks on the certainty of the original
announcement.

BICEP2: dust in its eyes? (Image: Steffen

Star dust Richter/Bicep2)
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Decay Modes

T; Mode

Iql I?O = ‘VWV*
I, H® - 7z*
I3 H° — 174
Iy H® - bb
T H® - tt7~

Scale Factor/

H° SIGNAL STRENGTHS IN DIFFERENT CHANNELS

Combined Final States
WW* Final State

ZZ* Final State

yy Final State

bb Final State
7+7~ Final State

. i P
Fraction ([; /T) E:",‘;:de""e (MeV/c)
seen
seen ‘;
seen e
possibly seen
possibly seen
1.07 £0.26 (s=1.4)
0.88 +£0.33 (s=1.1)
0.89 +030
1.65 +0.33
0.5 +0.8 Decay Modes
~ =07
0.1 +£0.7 I Mode
I, Z—ete”
I, Z- ptpm
I3 Z—- 1t
Ty Z>
I Z ettt
Ts Z - invisible
ry Z — hadrons
I'g Z— (uu+cc)i2
It Z—> (dd +55+bb)i3
o Z-cc
Iy Z—bb
T Z— bbbb
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Scale Factor/

Fraction (I'; /1) Confidence
Level

3.363 £0.004 %

3.366 +£0.007 %

3.370 +0.008 %

3.3658 +0.0023 %

(42439 x107°

(2.000 +.006)

x10~!

(6.991 +.006)

%1071

.116 +.006

.156 +.004

(1.203 +.021)
x107!
(1.512 +.005)
x107!

(3.6 £1.3) x10~*
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P
(MeV/c)

45594
45594
45559

45594



@ About the future

1 Boson “solo gigs™:
Theory uncertainties and ratios.
The adventure of unfolding: going differential.
Statistics-limited: ttH, tH, invisible.
Loops and rare decays: Z7Y, v 7, full Dalitz, 4 U.
Weird decays: vector mesons, t—cH FCNC, etc.

1 Boson & friends:

Small deviations: from the K -framework to Wilson coefficients.
Global electroweak picture: EWPD, Higgs, and aTGCs.

1 Caveats:

Not directly discussing beyond-one-doublet alternatives:
extra singlet, MSSM, 2HDM, nMSSM, triplet and double charged, etc.

®m They need searching as well !
Not discussing parity, which is a definitely not a closed case.
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h ATLAS Prelim. —og;zt;gc, Total uncertainty
_ — O\theory
eory my, = 125.5 GeV oftheory) | % 1o onu
I@ e 40 H-> vy 5 - T
=1 uncertainties w=1s708 | ) e
H— zz* — 4l ; =
. . _ {44040 0% : R —
0 PDFs not dominating w=t4 ber | 0 L
on . H— WW* — Ivlv o J ! ::',
_ +0.32 |-0.19 :
ggH vs VBF+VH. W=1000 e |47 A
. . Combined +o4 : -
PDFALHC prescription |-y, zze,ww o J | L
too conservative? W=135 olit & 1 e
m Changing soon! W,Z H — bb =05 f B
+0.7 |0.4 — i
PDG O () too w=02"" " O N R N
aggressive? H—> Tt (8 TeV data only) |-03 : b !
99 _ {4705 103 J } —1
W=1% a2 (& 0
Combined o2 : — A
7 NNLO-+NNLL not H—bb, Tt u = 1.09"03 H :
enough to tame large e
QCD corrections in Combined o2 ; R
. _ +0.18 |-0.11 :
gluon-fusion? =130 e J IR
Vs =7 TeV [Ldt = 4.6-4.8 fb” 05 0 05 1 15 2
/s =8 TeV [Ldt = 20.3 fb” Signal strength (u)
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& Theory uncertainties: MHOU
—

1 Scale variations are not
theory uncertainties.

0 The uncertainty is due to
missing higher orders.

0 Take gluon-gluon fusion:
All series terms are
positive.

We can try and complete
the series instead of
always being off.

UQQ(\/Ea MH) _

Inclusive Cross Section

14+ ad(ur) Kgg(v/s, u= Mp)

8 TeV | /,L:MH/2 = My uw=2My
Ko 11.879

z 72.254
KS, | 168.98+30.87 377.20+£30.78 681.72+29.93

Higgs Theoretical Uncertainties (Fixed NNLO PDFs)

25

10

.......... + 11 [

5

—_
[}
llI||II|||III|1IIII||III]I
—
L 2
.
S S E—
>
—

0

1
NLO NNLO N3LO

|—
O
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] Theory uncertainties: a tale of PDFs

0 Long-standing difference in d/u
ratio between MSTW and others.

0 Neatly resolved by CMS

W asymmetry measurements.

0 MSWT made parameterization
more flexible: case closed.

measuring.higgs@cern.ch

Ratio to NNPDF2.0 |

1.4

13

1.2

k‘!III‘IIIT‘IIIT

o
©
T

0.8[{ZNNPDF2.0
HEcT10

............

CMS preliminary

L Ao.sl . IO.Gl L \0.7

= 0.3
2 p,>25 GeV
E
7y
@© —e— Data
o 025
=)
«
I
o
0.2f—
P NLO FEWZ 68% CL
(55 o N CT10nlo g
015585587 N 53 NNPDF23nlo ]
ZH HERAPDF15nlo
X 5] MSTW2008nlo
~/ MSTW2008CPdeutnlo
, s | Lo
0 0.5 1.5 2
Muon n|
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@ Theory uncertainties

1 Bottom-line for Run2:
Consider measurements that constrain PDF fits.

For higher orders, more than precision, also a matter of
accuracy.

® Need to work with theorists to get these right, also
differentially.

0 Or you can try to dodge them with ratios...
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CERN
\

Ratios to the rescue?

[arXiv:1303.6591] [http://cern.ch/go/gLP9?]

1 Total width not accessible at

the LHC
o(pp—H)XxBR(H—XX) BR(H—XX) C(H—XX) 9
1 More on that later. Dyt o Zg%,g%%%}’ég;“‘ = z%gg’%;‘ = ‘;‘gg%f‘ = '|C’V‘|'2
0 ldea: take ratios and cancel
out the TH uncertainties.
e
Fit of u ratios
01 But this is naive: “f
THU only cancel if the osl
phase-space probed is ]
f
exactly the same. 00]
0 More statistics allows for ol
exactly matched
kinematics. e
[March 2013]
0:0‘ ‘0:2A ‘0:4 A 0:6 . 0:8 ‘AI:OA ‘1:2‘
Cy
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& Differential distributions

doyge/ dp, [fb/GeV]

Ratio to POWHEG

0 20 40

0 Differential picture directly touches fundamental aspects:
The loop structure where new particles may be running (p; shape).

The QCD structure of the calculations (N

|e’rs)

0 ATLAS H— Y 7 result and the adventure of unfolding.

lllustrates the power of having more statistics

CTTT | 1T | TTT | TTT ‘ TTT I T 1T | TTT I TTT | TTT ‘ T1TT1]
a ATLAS Preliminary 4~ data syst. unc. E
E XY 99—H NLO+PS (Powkea+Pr8) + XH
2 [[]]] gg-H NNLO+NNLL (HRest.0) + XH ]
£ ==+ XH = VBF + VH + fiH E
F H-yy,\s=8TeV ]
3 _I.L dt=2031" 3

— _:
S .
.|L+-4||r1-| r-r-v-1|-+ | . | L
T 1T +\ T |+I T | TTT ‘ LI T 1T | 1T I L | TTT ‘ LI

LI
\\\\\\5“ ~\\~~~\\::"~-.‘s:} SR

LTI HHMH# T T

cole o Lo by Ly

60 80 100 120 140 160 180 200

Particle level pTw [GeV]

G,y (o]

Ratio to POWHEG

35

301

25¢

F ATLAS Preliminary +4- data ]
—H NLO+PS (PowHea+Pv8) + XH 1
k g9 + +PY8) + 1
777} 9g—>H+1i NLO+PS (MNLO HI+PY8) + XH ]

==+ XH = VBF + VH + ttH

syst. unc.

H-yy, \s=8TeV T

_[L dt=20.3fb" ]

Particle level Niess
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(signal-like

12

excess).

_III\‘IIIIlII
r ATLAS Preliminary

10:— —+— data

syst. unc.

do,,/ dAG [fb]

==+ XH = VBF + VH + ttH

(02}

[ Hoyy, \s=8TeV

i J-L dt = 20.3 fb"

L gg—H NLO+PS (PowHes+Pv8) + XH
81~ 777 gg—H+1j NLO+PS (MinLo HJ+PY8) + XH -

\\\\\\\\\\\\\\\\\\\\“

&)}

Ratio to POWHEG

0 0.5 1

2 5 3
Particle level A¢jj
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@ Boosted Higgs + Ratios
o

l.2_|||||||n|| |||||||| R
L pp~H+X  Vs=8 TeV Hp=pgp=my=125 GeV -

0 p+(H) sensitive to the loop e wrvons 0o
particle masses.

m,, intrinsically ill-defined.

0 ldea: check p;(H) in H+j
and use THU “cancelling™:

o GeV [
Rice,kg) = Ufzz—(}e\/(% kg)Kwo "
€

But it's a 3000/fb venture. o

-02-

‘‘‘‘

‘016‘ | ‘018 | ‘1.‘0‘ | ‘1.2 1.4 (WithUf R)

Ct
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@ Rare decays: full Dalitz
o

0 Y Y and ZY loops
sensitive to different

physics because of V-A

structure for Z.

1071

analysis

1072 ¢

= 10
R . 8 s
0 More information from <
& 10
full my, spectrum. I
: s |
Need to clearly define 10 |
the phase-space used in .
o 106 & Mgy > 0.1 Mg
analysis. = Mey>01Mg
011‘.25‘.“50“.l75ll11100“l‘125
Myse- [ GeV]

measuring.higgs@cern.ch
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(E/RW
\

N,

H— Y Yy —Y

“ [CMS-PAS-HIG-14-003]

om,, < 20 GeV.

1 Veto J/¥ and Y.

Requirement

Observed event

Expected number

Events/2.0 GeV

yield of signal events

for my = 125 GeV
Trigger, photon selection, pj. > 25 GeV 0.6M 6.2
Muon selection, p4' > 23 GeV and p > 4 GeV 55836 4.7
110 GeV < my,,, <170 GeV 7800 4.7
My, < 20 GeV 1142 3.9
AR(vy,p) > 1 1138 3.9
Removal of resonances 1020 3.7
p1/ My > 0.3 and pi*/my,,., > 0.3 665 3.3
122 GeV < m,,,, < 128 GeV 99 2.9

Obs. (exp.)
U at 125 GeV (95% CL)

measuring.higgs@cern.ch

CMS Preliminaryis = 8 TeV, L = 19.7 fb™' Hoy*y—uny
D e B LM I
—— Background Model
50
—— Expected signal x1
40— =
30f -
201 -
10 +
:- L ..‘I.\.\I.\..\.\..:
?10 120 130 140 150 160 170
m,,., (GeV)
CMS Preliminary
30 — T T T
(s =8 Tev;L,, =19.7 fb”
— Observed Hoy* Y-y
25 |- Expected
[ Expected t 16
20 [ ] Expected + 20|

15

95% CL limit on G/GSM

10

L TR R L
135 140 145 150
m,, (GeV)

<11 (8)
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5] Weird decays: H>QQ+ ¥
T

0 Complementary way to BRey(H — J/7) = (246%92%) x 10°°

get to the bottom. BReu(H — Y(18)7) = (1.41+29%) x 108

-1.14

1 A way to get to charmge

H

...............................................................................................................................................

.L }..{...|..+..|...;.,¢..|...;..1...|..,|,..1...|...|,..|...|...|...|...'..4...|...|....|...
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Weird decays: H—VP

[http://cern.ch/go/8gXr]

0 Accessible due to small m,,.

V(p:€)

° h - >
01 Relatively clean.
0 Can bear O(1) BSM changes. A
V P mode BM V P* mode BM
W at 0.6 x 107° Wp* 0.8 x 107°
W-K* 0.4 x 107¢ A 0.4 x 107°
7070 0.3 x107° AT 0.4 x 107°
W-Df 2.1 x 107° W-D:t 3.5 x 107°
W-D* 0.7 x 1076 W-D*+ 1.2x10°¢
7%, 1.4 x107° Z°J /4y 1.4 %1075

measuring.higgs@cern.ch
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[ATLAS-CONF-2013-081] [CMS-PAS-HIG-13-034]

| Process | SM QS  2HDM-Il FC-2HDM MSSM |
t—uy |37-10710 75.107° — — 2-107°
t—uzZ | 8-1077 1.1-107* — — 2-10°°
t—uH | 2-107"7  41-10° 55-107° — 1073
t—cy |46-10% 75.10° ~10°° ~107°  2-107°
t—cZ | 1-100% 11-10* ~1077 ~1071  2.10°°
lt—>cH | 3-100°  41-10° 15-10°  ~107 10> |

1 Tree-level in BSM.

0 SMH now a background:
0 ATLASH—Y 7.
0 CMSH—=Y v &

multileptons.

Obs. (exp.)
BR(t—cH) (95% CL)

ANLL

CMS Preliminary ~ \s=8TeV L, =19.5fb"
ATLAS Preliminary S| +, E - )
E 14/[Hadronic s‘election " e’ Data 201142012 ] ™F  rrtorupo ez T 0000y ] = F i Prehmm\a’y s 6\ TV = 19}5 L 3
F —— Sig+SM Higgs (126.8 GeV)+Bkg fit] a0l + 42 oo eTosnaer
N F ] 70f- E
A r . SM Higgs+BKg 1 so0f— - + — Fit 2, MET 305066V E
12 1 2 I nd i 60—~ |
=1 N Bkg (2" order polynomial) 400~ El
o E B - s~ E|
z 1oF Lat=203 10", Vs = 8 TeV] :: ERa 4 + 3
8l Ldt= 470", Vs =7 Tev] I I s 3
of E 3 % & & > +++++ :
o R I N 7 7 ; % 0 W% %
4] SR, - M
oF B OSSF pair | Naw, | R [GeV] | Hy [GeV] | Npp | data | background | _signal | efficiency [10 5]
r — below Z 0 50-100 0-200 >1 48 48+23 95+23 103+25
L | n/a 0 50-100 0-200 >1 29 26+13 59+13 64414
e e b by | PRI TP below Z 0 0-50 0-200 >1 34 2+11 59+12 64413
?00 110 120 130 140 150 160 n/a 0 0-50 0-200 >1 | 29 2B+£10 | 43+11 47412
below Z 0 50-100 > 200 >1 10 99+37 30+11 33+12
My [GeV] owz | 0 | man | om0 | 0 | 2| ez |s7iz1 | ivsazs
n/a 1 0-50 0-200 >1 237 240 £ 113 131+26 143+28
n/a 0 50-100 0-200 0 35 38+15 43+11 47412
above Z 0 0-50 0-200 >1 17 18+6.7 28+08 31409
10—~ T T
[ATLAS Preliminary A
S_J.Ld =203 10", Vs =8 TeV. i
Fliat= a7 vs=7Tev :
6 | —— With systematic uncertainties i
[ oo with 1 ‘ Higgs Decay Mode [ observed [ expected [ 1vrange |
4 . H— WW*  (B=231%) 158% | 157% | (1.02222)%
— H- 17 (B =6.15%) 701% | 4.99% | (3.53-7.74)%
2 1 H— z7z7* (B =2.89 %) 5.31% 411% | (2.85-6.45) %
C ] combined multileptons (WW*, 71, ZZ*) 1.28% 1.17 % (0.85-1.73) %
0 [H— 9y (B =0.23%) [ 069% | 081% |[(0.60-1.17)%
0 02 04 06 08 1 12 14 16 18 2 | combined multileptons + diphotons | 056% | 0.65% | (0.46-0.94)%
Br(t = cH) (%)

< 0.83% (0.53%)
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< 0.56% (0.65%)
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@ From deviations to EFTs

CMS Preliminary r 7TeV,L<51f" \F 8TeV,Ls19.6fb"

I 20—

0 Today we talk about deviations from N

the SMH. OV

arXiv:1209.0040 or equivalent. 0-0;-“0 :

Draw/exclude your own theory. = ffﬁ ¢

-1.51 .

s

1 One (single) nice feature: K =1 ey SM

recovers best SMH calculations. i et B
But that’s it: we can find deviations, but

only roughly fathom their meaning.
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And deviations are on a diet
m [arXiv:1306.6352]

2
] SUSY (1'Cln B :5): Ghbb _ Ghrr ~ 1 +(1 TeV)
Ghgnbb GhgmrT ma

. . 1 TeV)”
1 Composite Higgs: ML IV 1@ - )

Ghsmff B GhsmVV f

2 2
0 Top partners: 22 ~ 1@(1T€V> , MM—@(”‘“’)
Ihsrmgg mr Ihsmryy mr
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& Effective field theory (EFT): the idea
I

0 Instead of an experimentally-driven
basis of parameters use a basis of
QFT operators that may be more
aligned with the BSM physics.

0 EFT allows to perform accurate
calculations

o NLO EWK effects, etc.
O More sensitive interpretation.

0 59 dim-6 operators already mapped
out in 1986.

o1 Which operators to keep?
o What about dim-8?
o What about loop processes?

measuring.higgs@cern.ch  Flavor of Higgs 2014



g First stepsin YR3
I 2

Table 52: Dimension-6 operators involving Higgs doublet fields or gauge-boson fields. For all 1)2®3, 12X ®
operators and for Ogyq the hermitian conjugates must be included as well.

o6 and $*D?

1/)24)3

XS

Op — (310)3
Ogn = (2T0)0(21P)
Ogp = (®1D#3)* (31D, ®)

Ot = (B1®)(ITce®)
Oug = (®1®)(qT,ud)
Oqp = (270)(qTqd®)

Oc = fABCGZluGEPGEH
Og = fABCéﬁ”GEPGE“
Ow = el TEWrw]rwhkn

—~1Iv
KW W Iew K
Oy =¢ w Wy

X232

P2XD

282D

Osc = (210)GL, G4

Opi = (BT0)GAL, GAR
Osw = (21@)W], Wi
Oy = (@1 R)W,, Wik

Ogp = (21®)B,, B*
O = (21®)B,, B*
Osws = (@ir/@)W] BH

~I
Ogiip = (@I @)W, B*

Ouc = (@025 Tud) G2,
O4c = (A0 4 TadD)GL,
Oew = (10#Teer! <I>)WlIW

Oww = (QU””FuuTI:IS)W!Iw
Oaw = (qo"Tadr @)W,

O = (10" Tce®)B,,
Oup = (40T ,u®)B,,,
OdB = (qouurddQ)Bw/

oy =(@ IDM<I>>(W‘1)
OEI;? = (@ DI L) (Iy+711)

= (of 1D 1 ®)(Evte)
0(1) (qm ®)(q7"q)
Oéii = (@Tlg,{@)(qwr Q)
Ogpy = (®11D,®)(Ty u)
Opa = (@1iD,®)(dr"d)
Opua = i(®1D,®) (17 T ad)

Table 53: Alternative basis of dimension-6 operators involving Higgs doublet fields or gauge-boson fields.

@6 and @*D?

1/}2 3

X3

0 = (a'0)?

O = 8,(21®)0"(219)
> x4

O = (#'D,®) (27D d)

Olp = (®10)(1Tce®)
Olp = (212)(qlyud)
Ol = (212)(qT4d®)

/- fABCGﬁVGEPGE“

/- fABCGﬁVGEPGE'u

/. TTKwIviwJow K
Oy = el WL/ WP W

¢ TIKW Y wlewK e
O = VKW ,"'W]rwh

X292

P?XP

2 ®2D

measuring.higgs@cern.ch

Oby = (efr!iDhe) (W, )!
Ol = (@HW@) (9B,
Opaw = i(DH@)Ir (D @)W},
0!~ =i(D )7 (D B)W,,
Opep =i(D*®)!(D*®)B,,,

0! 5 =i(DH) (D ®)B,,
Opp = (212)BuB"

0= = (@'o)B,, B

O = @10GH G4

0 - = dteGh,GAw

= (qo™ % T,ud)G2,
odG (Go™ % T4d®)G,
ng (o#Teer! &)W,

(qa“”FuuTI‘s)wa
Odw (@*Tqdr @)W,

OQB = (lo‘“’l“ee@)Bw,
OLp = (@ Twud)B,,
Olip = (@0 T4d®)B,,

0l = (1D, ®)(1y)
’(3) (<I>T1DI @) Iy r11)
O, = (#1iD,8)(31%¢)
oY = (@'1D,%)(@r"q)
;E? = <<1>fgz<1>>(wr a)
Ok, = (81D, ®)(Tv"u)
Oha = (@1D,®)(dy"d)
Ofpa = (@1 D,u®) (@ Tuad)
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@) A Rosetta stone for Higgs EFT

Tool A Tool B Tool C

59-dim
representations

Model Model

Simplified models A .
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EFT: one model

@
n [http://cern.ch/go/IgT8]

: 19= 8+3+8 = T 5.
0 Multiple sectors :l/ N /.t' an e
affected: change Higgs 0s = NI In the far future by
O Electroweak e
precision data. . e
O Anomalous GGoh « e h-Zy
Oaw = L gea W WE, Weon

Oye = ye|H|2ELH6R

triple gauge h=ff <

Oyu = yu|H|2QLI§uR \

Oyd = yd|H|2QLHdR

couplings.
B Higgs enly.
0 Global EWK fit

should be
CP-even: 8 (precision test) + 3 (TGC) + 8 (Higgs physics)
CP-odd: + 2 (TGC) + 3 (Higgs physics)

OF = (oL (Luo*le)

possible.
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7 LHC13: last chance before a ““BSM desert”’.

o Tevatron: Run | = top discovery, Run Il = SM

precision.
LHC 2010: early SUSY and EXO exclusions.

0 Higgs, one way out of the “SM oasis™:

From O(10%,) to differential.
From “seen” to O(%) measurements.
From limits on rare things to observations.

From conjectures on weird things, to putting limits
on them.

From ad-hoc K fits to global EWK EFT fits.

7 We have a long way to go.
All it takes is one deviation.
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& The beeautiful bering 2014 Universe

[arXiv:1303.5062]

0 Up above: “Simple six-
parameter /\ CDM”.

10* — . :
{  Planck
fa"* i WMAPY
£ x I ACT
'
7 lf.t%,*gﬁ SPT
— 10° Lﬁ‘
in e
= T,
S N,
s
10% | foug
.
S%
q\I
Ny
2 100 500 1000 1500 2000 2500 3000
!

0 Down below: (Not-as-simple)
~20-parameter Standard Model
of Particle Physics.

ATLAS Preliminary

Total uncertainty

fs=7TeV,L<51f" \s=8TeV,L<19.6fb"

=125.5 GeV .
M © 1o +20 CMS Preliminary % 68% CL
Model:x,, x, B : T
Py, =10% +0.08 : : \|/” : H ==95% CL
Ky=1.1517 g i 1q] KV '
= : 1 i o
: \ AT '
KF=0.99§::; i i 19 Kf H
Model:A, Ky / VG / —el—— p. =037
Py, =10% 40,14 : I/ 4 SM.
My =0-860 1, | i 9 H
[ - /o sz -.— p.,, = 0.41
Pg=19% 40.14 : M
Myz=0-947 5 I i A H
g Mg K \ N/ \ e e —— s
oo € Ty = du ' P, =0.39
[1.24,-0.81]U[0.78,1.15] i i 1 N : =
Modelih, oy Ky W, : ——
pw=15}/f M o€ \// : \ / Iq ' Pg,, = 0-49
[-1.48,-0.99]U[0.99,1.50] I ! V
e, ; : t 7 -
r:;'%‘ 40,15 : \ / “ Kg '
Kg=1.0879 12 j i 19 ;
k=119 ; : “ ' Pgy = 0-23
Model:x; x;. B,, \\J ‘8R4 24 BR 0.41
Py, ~18% _ +0.29 : / D" ¢ BSM! P.,, = 0.
BR,,=01605 i @95ect | 1 | P B BRI R b
2 1 0 12 o 05 1 15 2 25

Vs=7TeV [Ldt = 4.6-4.81b"
Vs=8TeV [Ldt=203 b

Parameter value

parameter value

Looking forward to LHC combination and surprises at

higher energy: PeV neutrinos, LHC 13 TeV, ...
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KEEP
CALM

AND

DISCUSS
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&) “ ..and references therein.”

N,

e |
0 ATLAS: http://cern.ch/go/7IDT
0 CMS: http://cern.ch/go/6gmZ

11 Tevatron: http://cern.ch/go/h9iX
O CDF: http://cern.ch/go/q8NV
o DO: http://cern.ch/go/9Djq

Higgs Days 201 3: http://cern.ch/go/6zBp

ECFA HL-LHC workshop: http://cern.ch/go/SFWé
Higgs EFT 201 3: http://cern.ch/go/bR7w

Higgs Couplings 2013: htip://cern.ch/go/THp?
Moriond 2014: hitp://cern.ch/go/k8FP

O O O O O

measuring.higgs@cern.ch  Flavor of Higgs 2014



For discussion
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Higgs in CMS — ca. 2008

Higgs boson — the field’s massive radial excitation, tacit to Brout and Englert, massless
via approximations in Guralnik et al., and explicitly mentioned by Higgs (1964).
Viability — photons and massive weak bosons can coexist was shown by Kibble (1967).
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& From the other side of the pond
-
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~ 400 X obs ]
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L 200 _— — ]
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200/ | |
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1 Combination of Tevatron VH—bb searches, in July 201 2:

0 2.8 0 local significance at m;=125 GeV.
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&) Looking up to a new boson

| Events /1.5 GeV

S/(S+B) Weighted

2011-12 5=7-8TeV

) J‘ b 3 et

! : ‘ G*
somp A BN
sl TRy - e

measuring.higgs@cern.ch  Flavor of Higgs 2014



g Higgsdependence day recap

[http://cern.ch/go/q8ix]
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a1 A 2012 hit
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May 12, 2013

The top 40 physics hits of 2012

The Higgs boson is a popular subject among the most-cited physics papers of
2012, but a particle simulation manual takes the top spot.

[http:/ /goo.gl/sulzZ] [http://goo.g

2012 reports for eprints

1. 568 citations in 2012
Observation of a new particle in the search for the Standard Model Higgs boson with the
ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Jul 2012. 24 pp.
Published in Phys.Lett. B716 (2012) 1-29
CERN-PH-EP-2012-218
DOI: 10.1016/j.physletb.2012.08.020
e-Print: arXiv:1207.7214 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service; Link to all figures including auxiliary figures

2. 558 citations in 2012

Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Jul 2012.
Published in Phys.Lett. B716 (2012) 30-61
CMS-HIG-12-028, CERN-PH-EP-2012-220
DOI: 10.1016/j.physletb.2012.08.021
e-Print: a 07.7235 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to PRESSRELEASE

3. 433 citations in 2012

Combined results of searches for the standard model Higgs boson in $pp$ collisions at

$\sqrt{s}=7$ TeV

CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Feb 2012.

Published in Phys.Lett. B710 (2012) 26-48

CMS-HIG-11-032, CERN-PH-EP-2012-023

DOI: 10.1016/j.physletb.2012.02.064

e-Print: arXiv:1202.1488 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service

4. 381 citations in 2012
Combined search for the Standard Model Higgs boson using up to 4.9 fb$*{-1}$ of $pp$
collision data at $\sqrt{s}=7$ TeV with the ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Feb 2012. 8 pp.

Published in Phys.Lett. B710 (2012) 49-66
CERN-PH-EP-2012-019
DOI: 10.1016/j.physletb.2012.02.044
e-Print: arXiv:1202.1408 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to all figures including auxilia

figures

measuring.higgs@cern.ch

AAAS.ORG | FEEDBACK | HELP | LIBRARIANS

Scienc s

NEWS SCIENCE JOURNALS CAREERS BLOGS & COMMI

Subject Collections  Online Extras Archived Cq

Science Special C

Home > Collections > Online Extras > Special Issues 2012 > Breakthrough of the Year, 2012

Breakthrough of the Year, 2012

Every year, crowning one scientific achievement as Breakthrough of the Year is no
easy task, and 2012 was no exception. The year saw leaps and bounds in physics,
along with significant advances in genetics, engineering, and many other areas. In
keeping with tradition, Science’s editors and staff have selected a winner and nine
runners-up, as well as highlighting the year’s top news stories and areas to watch
in 2013.

FREE ACCESS

The Discovery of t ggs

Exotic particles made headlines again and again in
2012, making it no surprise that the breakthrough of
the year is a big physics finding: confirmation of the
existence of the Higgs boson. Hypothesized more
than 40 years ago, the elusive particle completes the
standard model of physics, and is arguably the key to
the explanation of how other fundamental particles
obtain mass. The only mystery that remains is
whether its discovery marks a new dawn for particle
physics or the final stretch of a field that has run its
course.

Read more about the Higgs boson he research teams at CERN.

Runners-Up

This year's runners-up for Breakthrough of the Year underscore feats in
engineering, genetics, and other fields that promise to change the course of
science.

Eggs from Stem Cells

Controlling Bionics Majorana Fermions

Flavor of Higgs 2014
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Statistics-limited: tH
[arXiv:1211.3736]
0 Interesting added value

. . , S ANNN———
to the couplings fit. % Wé g W
b t b h

o Esp. in the presence of a ©~  ~ —F— ——~1----
diphoton excess.

0 At the top-Higgs
border.

0 TH projection for 14 TeV s

and 50 /fb looks
promising.

O !

Ccy
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g = tHqg and flipped couplings

CMS Preliminary, L=19.7 fb™ at /s =8 TeV

S\ _l TTT | TTTT I TTTT | TTTT I T T 1T I T T T I T T TT | TT ||
8 05:_ e Data _:
AU [ JtHq (Ct=-1) .
: "y . PR | ExtrattH (Gt=-1) |
0 Interference gives sensitivity to sign of <€ 0.4p - .
K K\ L%’ B I ttH (125) -
c VH (12 3
o In tHq production: 15x SM if flipped. /_— v (29) —_
0 InH— Y Y decay: 2x SM if flipped.
0.2~ .
o SMH now a background ! N_ E
L . L B I |||||||||I|IIJ | | I 111 I:
0 Tight selection against ttH. P00~ 110 120 130 140 150 160 170 180
o No data survives selection. Diphoton Mass [GeV]
Obs. (exp) s

U(K,=-1)at 125 GeV (95% CL) <4.1(4.1)
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&) Y ZH—20+invisible

[ATLAS-CONF-2013-011] [CMS-PAS-HIG-13-018]

CMS preliminary, ZH — II+ME 1, §s=8.0 leV, | L=19.61b "
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@ v VBF, H—invisible

[CMS-PAS-HIG-13-013]

P = 35
E 104_E CMS Preliminary —o— :.bse:v::oo/ . (% E 05% CL limts CMS Preliminary
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0 At m=125 GeV,
BR. < 0.69 (0.53) (95%CL), obs.(exp.).

nv.
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= Statistics-limited: invisible
I

1 Cosmic connection at the HL-LHC.

o Direct bounds for massive dark particles with m, < m,/2.

F _37 LI | I I I 1 1T TT | T I 1 I L I I I I 1 LI H
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&) Direct and indirect combined
m

0 Shown by ATLAS at
Moriond 2014.

1 Combination

o BR, < 0.37 (0.39)
(95% CL), obs.(exp.)

0 Dominated by
constraints from the

visible decays.
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[arXiv:1402.3051] [CMS-PAS-HIG-13-006]
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Weird form factors: H—ZQ2Q

m [http://cern.ch/go/8gXr]

01 Analogous to the
LHCb analysis of

B—K™* Q4.

1 Can be done in
the 42 channel.

0 Complementary to
spin-CP analyses.
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@ A way out the spin quandary?
o

L+ 3257 A (cosv)’

1
o J Ao
20 1+37 505

0 It’s not easy to kill all w(cosd | X) =
possible non-spin-0

100}
alternatives. sl
0f
0 gg—H— 7 7 holds ol
promise: i
0f
JZ0 allowed areas do L
not contain J=0 point. ol I
But gluons and photons ool
must be real... L ool
O
20 0 20 -50 0 50 100 -200 -100 O
My Mg Mg
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= Statistics-limited: HH and self-coupling

N,

m [http://cern.ch/go/7smd]

C
\

0 Among main objectives for HL-LHC.

O Tiny cross-section. Estimated yields for
0 Diagrams interfere destructively... 3000/fb

bbWW 30’000

1 Problematic even in efe.

bbTT 9000

1 Experimental projections not WWWW 6’000

finalized. Y ¥bb 320
Yrrry 1
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&) Looking well ahead

0 300/fb at 14 TeV: o

Expected uncertainties on 10fo"at 5=7and 8 Tev ;—|]
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O Vast improvement S
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More on mass
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First things first: the mass
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0 Combinations of the high-resolution channels.
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the mass

First things first
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&) More on mass
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&) More on mass

[arXiv:1312.5353]
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922 124 126 128 130 132 922 124 126 128 130 132
m,, (GeV) m,, (GeV)
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&) Statistics interlude
= T R

Test statistic Profiled? | Test statistic sampling
LEP gy = —2In (data“‘ no Bayesian-frequentist hybrid
_ L(datal|p,0,.) . . .
Tevatron | ¢, = —2Ing= yes Bayesian-frequentist hybrid

0,60)

LHC qu = frequentist

o LEP: nuisances parameters ( 8 ) kept at nominal values (~).

o Tevatron: maximise likelihood against nuisances (1).
o Denominator considers background-only hypothesis (4 =0).

0 LHC: frequentist profiled likelihood.
2 Denominator considers global best-fit likelihood with
o Nice asymptotic properties, savings in computational power.
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n As a function of masses
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& Resolving SM contributions
I I

CMS Prellmmary {s=7TeV.L<5.1fb" ys=8TeV, L< 19 6fb

0 Individual coupling o - — T
scaling factors: — - .
n ,:CgK v ok & [ |™68%CL ]
wr Z b/ t T ~~ ° p
o All loops resolved: 2 1 [=9%% CL 7 o
" K y(le K[) o _ W’ ]
" K (K, K < T A :
0 SMH width scaled. 1
: P L ‘ cMs Prelimin-ary E
o0 P(SM)=0.52. i b S I -
0 “Reduced” couplings as R W e -
function of “mass”: 102F |.- N -
o A;= K, (m/vev) Eo ) :" N
5 (oy/2ven)!/2 = K12 — T
mV/Vev I ool [ N |p’:1r|ar|ne e
1 2 345 10 20 100 200
mass (GeV)
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“Cb” vs “resolved C6”
el

Generic coupling fit

0 Assume custodial 0 Keep W and Z
symmetry ( Ky=Kw= separate.
K ). 0 Loops assuming SM
structure:

11 Loops treated

. o K _ (K., K.).
effectively (K, K ). o (Ko K1)

O Ky (Kw Ky Ko
K ).
0 Only SM-like decays.

0 Option to allow BSM
decays, forcing K, < 1.
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s=7TeV,L<511" {s=8TeV,L<19.6f"

CMS Preliminary " 68% CL
== 95% CL

__________.___.____-________

0 05 1 156 2 25 3

parameter value

Is=7TeV.L<51fb' ys=8TeV.L<19.6fb"

CMS Preliminary - 68% CL

= 95% CL

= CO” vs “resolved C6”

|
2 25 3 35 445 5
parameter value

Flavor of Higgs 2014
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n More on scalar couplings
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& Probing possible 2HDM

[CMS-PAS-HIG-13-005]

J 2.0r )J uuuuuuuuu LR I - ¥> 2.0r
- K, K § -
1.8 Tawrev = 1.8F
1.6} = 1.6
1.4 E 141
1.2 o = 1.2
S —_ 72N ; -
1.0p o\ )i 1.0f
. { \ HIY¥ . -
0.8f \ /\ N = 0.8f
0.6 o £ 0.6
0.4} = 0.4}
0.2\ N 0.2\
0.0 T B T A S R A v v v v v v v b 07 0'0 [
-2 0 2

Mg

u

-----
..........
---------
------------

O
/
~7
RN
®
\\../
oo b b b b b b Lo L

-2 0 2
Mg

CMS

[0.74, 1.95] (95% CL)
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CMS: channel compatibility
N

Vs=7TeV,L<51fb"' \s=8TeV,L<19.6 fb"

Combined .
u=080+0.14| CMS Preliminary m,=125.7 GeV

H— bb (VH tag) | p,,=0.94

H — bb (ttH tag)

H — vy (untagged)
H— vy (VBF tag)

\s=7TeV,L<51fb"' \s=8TeV,L<19.6fb"

H— vy (VH tag) Combined CMS Preliminary m, = 125.7 GeV
H — WW (0/1 jet) u=0.80+0.14 pSM =0.65
H— WW (VBF tag)
H— bb
H— WW (VH tag) n=1.15+062
H— tt (0/1 jet)
H — 7t (VBF tag) H- 1t r 1 1
=1.10+0. - s = :
H —s 1t (VH tag) u=1.10+0.41 Vs=7TeV,L<51fb"' \s=8TeV,L<19.6b
H— ZZ (0/1 jet) H o vy Combined CMS Preliminary m, = 125.7 GeV
: u=080+0.14 | Pg, =052
H— ZZ (2 jets) | w=077+0.27
o Best fit /o
est 1it /0, H—> WW Untagged
SM gge
1 =0.68+0.20 )= 0784016
H— 272z
1=092+0.28 VBF tagged
PR Low v b n buw s n=1.02+0.34
0 0.5 1 1.5 2 25
Best fit o/o,,
VH tagged
p=1.02+0.49
ttH tagged
n=-0.15+2.86
M B N | A

-4 2 2 4
Best fit O'/O'SM
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...and ATLAS obliged

m [ATLAS-CONF-NOTE-2014-010]
L

4 [ [ I I | [ [ [ [ | I | | [ | [ I I I | [ [ [ I | I I [ [ | I I I |
- ATLAS Preliminar .
= y + SM X Best fit -
- Vs=7TeV, det _ 4.6-481fb" ]
3 p — Obs. 68% CL == Obs. 95% CL |
- \s=8TeV, det = 20.31b .
" Combined h—s yy.ZZ* WW*ttbp ~ £XP-68% CL =7 Exp. 95% CL - 7
~  MCHM4 /—"'—_—_—___:———1'-’-**:\-———_§~ |
1= D
| £=0.5 — -~ - _
Or0s MCHMS5 —
A S . _2 .
— 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

A
<
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ATLAS: combination O™ vs. 27

m [arXiv:1307.1432]

& 10— o [rIr T T T T o R T T S R
[ ATLAS 251 ATLAS eData Spin ATLAS ) o L R B R T
8;H 2779 S a eData  Spin 0 [ H— WW* - evpv/uvev Signal hypothesis [ 16 H- vy eData  Spin 0 L A TLAS
[ \s=7TeV [Ldt=46fb" Signalhypotnesis B 20F\s=8Tev JLot = 207 " of-g Lo Vs=8TeV [Ldt=20.7fo" Signal hypothesis Ho 40 .
gLis=8TeV [Ldt=207t5" o _ Ozs 5 R ey % [ Hoyy eData  Spin 2
of-2 [ Vs=8Tev [Ldt=207 b Signal hypothesis [ ©
e pEee e
[ Vs=7Tev [Ldt=4.61b" ® -0
- [ Vs=8TeV [Ldt=2071b"

P _oF
20-H - WW* — evuv/uvev o=z

Vs=8TeV [Ldt=207fb"

s e g A
fq (%) %] f o (%) 10

1 Combined H—ZZ, arLas o

Hos yy e Data

Vs=8TeV [Ldt=20.7fb"
WW d v CL, expected 10
’ qn ° H— 27" > 4| assuming JP=0"
Vs=7TeV [Ldt=4.61" B+1
: ; +1o
Vs=8TeV [Ldt=20.7fb"

-—
—

F—

___.____._.-—-"'_'——.—

H - WW* — evuv/uvev

1 Scan for fraction of T )
(gg/qq)—2%
O CLS < 0.06% V fqa.

0 25 50 75 100
(9
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Delayed unitarization: until when?

m [http://cern.ch/go/q8Gq]

1 Assume that WW
scattering is O *1/2
that of SM.

1045.

0 Things can look like ~  wy |

the SM for a long N 0

ti S 0%k 05

ime. 2 ' 0.75

. g
o Time ~ Energy. o 0
100 ' ' ' '
200 400 600 1000 2000 3000 5000
Vsyw (GeV)
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