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Outline

» Introduction

» Input analysis and data samples

» unfortunately no update with full 2012 8TeV pp data samples
» the signal mass
» the signal strength
» tests of SM couplings
» spin/parity in ZZ—>4l
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Introduction

» Observation of a narrow bosonic resonance around 125 GeV in the contest
of the searches for the Higgs particle : July 4t 2012. The background only

hypothesis is excluded at about 5 standard deviations by both CMS &
ATLAS

» Now collected a quite larger integrated luminosity at Vs=8TeV
> L(8TeV) =20 fbl, L(7TeV)=5 fb?
» Results from individual analyses presented by Nicolas yesterday
» The interest now is on the boson properties
» What is the precise mass and quantum numbers (spin and CP)?
» What are the coupling widths to individual particles ?

» how well is this signal compatible with a SM Higgs boson ?
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Analysis channels

analyzed data samples luminosities ( @7TeV + @8TeV)

49+12.1 fb!

5.1+5.3 fb"! 5.1+5.3 fb!

49+12.1 for'  4.9+12.1 fb'  4.9+0.0 fb"!
49+12.1 for'  4.9+12.1 b 5.0+12.0 fb"!
5.0+12.1 fb-'  5.0+0.0 fb’!

see yesterday’s presentation by Nicolas Chanon
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expected and observed Cls

CMS Preliminary {s=7TeV,L=5.11" (s=8TeV,L=1221b" CMS Preliminary {s=7TeV,L=5.1fb" Vs=8TeV,L=12.21b"

—=— Observed
E= Expected (68%) f

Expected (95%) H
7 | | VR

= 10
200 300 400 600 1000 110 115 120 125 130 135 140 145
my (GeV) my (GeV)

CLg of SM Higgs hypothesis

minimal SM Higgs with | 13<m_ ,<I|21 or 128<m,<700
excluded @95%CL
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Signal strength

CMS Preliminary {s=7TeV,L=5.1fb" {s=8TeV,L=1221b"

background-only (in)-compatibility

Decay mode or combination

—H_).[.c

17 || —H—yy
10 —H—>WW
—H—2Z

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

Yy + ZZ + WW + 1T + bb

P.Azzurri - CMS Higgs properties March 1, 2013



Strengths in channels

(s=7TeV,L= 511" (s=8TeV,L=12.2 15" ls=7TeV,L= 51ft" \s=8TeV,L=1221b"

CMS Preliminary m, =125.8 GeV CMS Preliminary m, =125.8 GeV
H— bb (VH tag)

H — bb (ttH tag)
H — tt (0/1 jet)
H — <t (VBF tag)
H — <t (VH tag)

H— yy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)

H— WW (VBF tag)

H— WW (VH tag)

H—2ZzZ

P IR S T R ST
1.5 2 25
Best fit G/O'SM

2 4
Best fit G/OSM

combined o/0g,,=0.8810.21
for m;=125.8
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signal couplings
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coupling measurements

» LHC working group prescription (arXiv:1209.0040):
» test the overall compatibility of the data with the SM

» Assumptions: single resonance, zero-width, no modification of the tensor structure (0+)

» Set of fit models mapping the measured rates to multipliers (k) of the SM
cross sections and BRs:

(a-BR)(iieHeﬁ)=ﬂ=aSM-

1—‘H
» Scaling for couplings through loops defined as additional free parameters

» or as function of scale factors for the fields in the loop (with NLO accuracy)
» Total width taken as the sum of the partial widths

» In special case allow also for invisible contributions

» Need to limit the degrees of freedom with the current data
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WI/Z SU2 custodial symmetry
—omened |

)"WZ=KW/KZ . ----Exp. for SM H

In the SM the tree-level
W and Z masses relations are protected
against large radiative corrections

My is essentially given by the
measured ratio of untagged WW
and ZZ yields.

The 95% CL interval for Ay, is [0.67,1.55]

further we assume A= |

P.Azzurri - CMS Higgs properties March 1, 2013 N



boson and fermion couplings

CMS Preliminary {s=7TeV,L=51f0" \s=8TeV,L=122fb"

global minimum in (+,—) quadrant driven by the ¥ 7
excess: positive W-top loops interferences

|-dim 95% CL intervals
#y[0.78,1.19] and 4 [0.40,1.12]
where the other parameter is fixed to unity
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K/ K, from individual channels

CMS Preliminary Vs=7TeV,L=5.1fb" (s=8TeV,L=1221b" CMS Preliminary Vs=7TeV,L=<5.1fb" (s=8TeV,L=12.21b"

SM Higgs @ Fermiophobic ¢ Bkg. only SM Higgs @ Fermiophobic ¢ Bkg. only
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Kg (scaling of fermion couplings)

0.5 1 1.5 0.5 1 1.5
K (scaling of vector boson couplings) K (scaling of vector boson couplings)

fermiophobic scenario excluded with >4 0
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K,/ K ., :hidden loop contributions

CMS Preliminary ys=7TeV,L=5.1fb" ys=8TeV,L=1221b"

test of the presence of BSM particles in
Hgg & 7 7 production & decay loops

assuming [ (BSM) =0

|-dim 95% CL intervals
%, [0.98,1.92] and 4 = [0.55,1.07]
best-fit value (£, &) = (1.43,0.81) where the other parameter is fixed to unity
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BSM invisible width

total width scales as 1/(1-BR

Inv)

[TTTTgrrrTT
— Observed E

---- Exp. for SM H E
1

invisible BR(BSM) is in the interval [0.00,0.62] at 95% CL
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K, K4 :up vs down couplings

test of the presence of additional Higgs fields (doublets)

CMS Prellmlnary \s=7TeV,L=5.1fb" Vs=8TeV,L=12.21b" CMS Preliminary {s=7TeV,L=5.1f0" {s=8TeV,L=12.2fo"
LA WALELELELELN BN . [T T
— Observed .E — Observed

Exp for SM H ---- Exp. for SM H

i

LML A
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CMS Preliminary ys=7TeV,L=>5.1fo" 8Tev L=1221b"

_ Observed
Exp for SM H

A o /K, 95% CL interval [0.00,2.11]
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Individual couplings

» Assess individual couplings assuming only custodial symmetry
and without resolving the loops structure.

» No BSM decays
» Study 6 scale factors:
> Kys Ky Ky Koy Kg, K,

» Fit individually each of those, while profiling the others
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Individual couplings

CMS Preliminary {s=7TeV,L=5.1fb" s=8TeV,L=122fb" CMS Preliminary {s=7TeV,L=5.1f0o" ys=8TeV,L=1221b" CMS Preliminary {s=7TeV,L=5.1fo" ys=8TeV,L=12.21b"
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Individual couplings

CMS Prehmmary F 7TeV L 51fb \F 8TeV L 122fb‘ CMS Prehmmary F 7TeV L 51fb \F 8TeV L 122fb‘
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Summary of individual couplings

S 7TV, L= 541" S 8TeV. L = 12.18" Model parameters Assessed scaling factors
T T[T T T[T T[T [ TT T[T T[T I T[T (95°/OCLmtervals)
CMS Preliminary m,=125 GeV
1Y —t— 65% CL intervals iwz; iz ” ;wz [0'57’1'65]
S T— wzs Rz, M f w2z [0.67,1 55]
Ky Ky [0.78,1.19]
Mz j: Kf Kf [0.40,1.12]
- - 1. Ky, Kg K, [0.98,1.92]
— g [0.55,1.07]
 — B(H — BSM), ., x; | B(H — BSM) __ [0.00,0.62]
— Aawr Koy Ko Ao [0.45,1.66]
Mgy Kur Ko Atq [0.00,2.11]
Ky [0.58,1.41]
. Kp not constrained
- Kv, Kb, K7, Kt, Kg, Ky Kt [0.00,1.80]
- Ki not constrained
A U O N PN b s RN RN TR AR R NNY Ko [0.43,1.92]
0 02 04 06 08 1 12 14 16 18 2 [0.81,2.27]

best fit
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spin-parity determination
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spin-parity in ZZ-> 4l

Matrix Element Likelihood approach with the two
dilepton masses m5, and m-, and five angular
variables 2, here also with the m,, with assumed
126 GeV signal mass (super-MELA or D)

CMS preliminary ys=7TeV,L=51f" ys=8TeV,L=1221b"

® data
— 0, m, =126 GeV

[Czzzy
B z+x

> _[HM]

ig + Tbkg Tsi (mz._ ’ mzﬁ.ﬁlm‘sf)
£ 2

super-MELA

106 < m, < 14] GeV
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spin-parity in ZZ-> 4l

build additional probability densities D,,=P,/(P,+P,) with two different spin-parity
signal hypothesis : Dp¢ (pseudo-MELA) for 0-/0+ and D¢ (gravi-MELA) for 2+/0+

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=1221b" CMS preliminary V{s=7TeV,L=5.1f6" {s=8TeV,L=1221b"

® data ® data
——0%m -126 GeV

— 0", m_=126 GeV
--- 0, m =126 GeV 20 m =126 GeV
[ ZZIZy

[Czzzy
[ z+x [ z+x

00 010203040506070809 1 0 010203040 0070809 1
pseudo-MELA gravi-MELA

March |, 2013
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spin-parity in ZZ-> 4l

fit the data in the DSB vs Dy or D¢ plane to obtain likelihoods of the two signal hypothesis
compare the observed likelihood ratio with (50k) pseudo-experiments

CMS Preliminary VS=7TeV,L=5.11bNs=8TeV, L= 122 fb" CMS Preliminary  {s=7TeV, L=5.051fb™; (s =8 TeV, L= 12.21 fo'
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2.4% pseudoscalar 0- hypothesis ClLs no indication yet between scalar and tensor

P.Azzurri - CMS Higgs properties March 1, 2013 25



Conclusions

» The presence of a new bosonic state announced on July 4t 2012 is
confirmed with the new 2012 data with larger significance (6.90).

» The production yield is 6/0g),,=0.88+£0.21
» The mass is measured m,=125.8 +0.4 + 0.4 GeV (in ZZ and yy)

» The coupling structure is in good agreement with minimal SM predictions.

» no stringent results yet

» Pseudoscalar hypothesis excluded at 2.50 level

» need to wait here @Moriond for probable new combined results with full
CMS 2012 20/fb@8TeV data samples ...
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in the meanwhile ...

Planck

CMS.

i
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Backup
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SM Higgs: theo 0 & BR

\s= 8 TeV

LHC HIGGS XS WG 2012
LHC HIGGS XS WG 2011

T TT IIIII|
1 11 IIIII|
Higgs BR + Total Uncert

200 300 400 ' 200 300
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Backup

Analyses No.of  my range mu Lumi (fb~1)
H decay | Hprod | Exclusive final states channels  (GeV)  resolution 7TeV 8TeV
untagged | 77 (4 diphoton classes) 4 110-150 1-2% 5.1 5.3
7Y VBF-tag | v+ (jj)vsr (low or high mj; for 8 TeV) lor2  110-150  1-2% 51 53
VH-tag | (vv, ee, up, ev, pv with 2 bjets) x (low or high p¥ or loose b-tag) | 100r13  110-135 10% 50 121
bb (£ with 4,5,>6 jets) x (3,>4 b-tags);
ttH-tag (€ with 6 jets with 2 b-tags); (¢£ with 2 or >3 b-tagged jets) ? 110-140 50 )
1-jet (eTh, W, en, up)x (low or high p%) and 7,1, 9 110-145 20% 49 121
H — 11 VBF-tag | (ety, uth, ey, ui, Twty) + (jj)ver 5 110-145 20% 49 12.1
ZH-tag | (ee, up) X (TyTh, €Ty, YTy, e}) 8 110-160 5.0 -
WH-tag | tee, t,up, theu 3 110-140 49 -
WW — fvgq | untagged | (ev, uv)x((jj)w with 0 or 1 jets) 4 170-600 50 121
WW — lvlv | 0/1-jets | (DF or SF dileptons) x (0 or 1 jets) 4 110-600 20% 49 12.1
WW — fvlv | VBF-tag | fvfv+ (jj)vsr (DF or SF dileptons for 8 TeV) lor2 110-600 20% 49 12.1
WW — fvlv | WH-tag | 3£3v 1 110-200 49 5.1
727 — & inclusive | 4e, 4y, 2e2u 3 110-1000 1-2% 5.0 12.2
ZZ — 202t | inclusive | (ee, uu) X (1,7, €Ty, YTy, €}) 8 180-1000  10-15% 50 122

Summary of analyses included in the CMS combinations
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individual channels expected 95%CL limits

CMS Preliminary {s=7TeV,L=5.11b" Vs=8TeV,L=12.21"
L e e e
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— H—yy
— H—-WwWw
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m,, (GeV)

with 5.1/fb @7TeV + 12.2/fb @8TeV
the combined CMS analysis expect to exclude the full
110-700 GeV SM Higgs mass range
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Backup

@ Gauge

”’
\__/ -

Yukawa sector

sector

.~

Mixed
sector

~ \v/ Loops (v, g) are

sensitive to BSM
contributions.

o @

Quark loop
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Signal strength vs mand ggH+ttH vs VBF+VH

CMS Preliminary {s=7TeV,L=5.1f0" {s=8TeV,L=12.21fb" CMS Preliminary {s=7TeV,L<5.11f" ys=8TeV,L<122fb"

N
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Best fit 0/0gy,
N
o

" 68% CL band

— —
o wu
|||||||||||||||||

o
3]

o
o

-0.5
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Backup

Production modes Detectable decay modes Undetectable decay modes

(Kbvxta Ke, KW, mH)

K%Zy)('cba Kt, Ke, KW, mH)

(Zy)
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Backup

» In the case of coupling via loops scale factors are functions of the other
scale factors

» Example: the gluon fusion cross section scaling:

» Where o, is the square of the top and bottom contributions and o,
is the square of the interference terms

> Interference term is negative for M;,<200 GeV
» Similar expressions implemented for other loops (yy, Zy)
» VBF is also expressed as combination of k,,, and K,

» Alternatively the dependency on other scale factors can be discarded and
treat the loop scale factor as additional free parameter
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Backup

Scaling of the VBF cross section

ki - owr(mu) +x3 - ozr(mu)

K%’BF(K\’V: KZ, mH) -

owr(mu) + ozp(my)

Scaling of the gluon fusion cross section and of the H — gg decay vertex

b
ggH(mH) + Kb oggﬂ(mﬂ) + KiKp - ;gﬂ(mﬂ)

ggH (mH) T UggH(mH) + aggﬂ(mﬂ)

Lgg(mu) + 3 - P (mH) + KKy - ng(mﬂ)

ee(mu) + Fgg(mu) + ng(mﬂ)
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Backup

Scaling of the H — 7 Y partial decay width

> kikj - Iy (mu)

Zz, j I;J{ (mu)

2
Ky (Kb9KtsKnK\Vamﬂ) =
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Backup: custodial A,

Probing custodial symmetry assuming no invisible or undetectable widths

Free parameters: xz, Awz(= xw /xz),xe(= ke = ks = x:).

H — yy H— 727 H— Ww H—bb | Hovtt
ggH k2 (kg Ke Xp KzAWZ) xFxZ 2 (xzhwz)? K2k 2
tEI{ "'fi (x:) K‘f‘ (x;) K?, (x:) K;‘)l (x:)
VBF K%‘BF(KZ ,KZ7~\\'Z)'K$(K{,KLK{ aKZ)~\\'Z) "%‘mn("laKZLWZ)"‘% ""\Z,-By("laKZk\VZ)'(KZ)-WZ)z K%-B*,-(Kz,xz}.wz)'x?
K3 (xi) x (xi) xZ (xi) K3 (xi)
\VI’I (KZ;‘\\'Z)—)'KYJ(’“ strxhKZ)-\VZ) (KZ;‘\VZ)z'K?A (KZ;~\\'Z)2'(KZ)-\\«'Z)2 (KZ)»\\'Z)Z'K?
k7 (x;) k2 (x;) k2 (x;) k7 (ki)
HA\™ e H\™ H (] H\K:
ZI{ Ki'K? (Kf JKf K ,sz\\rz) K%"‘% "% '(KZ}'W’Z)2 K?/_'K;
2 Y —y N ———
Ky (xi) Xy (%:) Ky (x:) K (ki)

Probing custodial symmetry without assumptions on the total width

Free parameters: xzz(= kz - kz/xn ), hwz (= xw /xz), Arz(= xr [xz).

H— vy H — 72z™ H— WW® H—bb | Hovh
gegH 2 42 2 2 .92 2 29 2 2 42 2
tEIi KZZA'}'Z ' K‘{ (kl"Zs )"FZa }"FZa }‘-V\"Z) KZZ)"FZ KZZ)"FZ . )"\NZ KZZ)"I“Z . )‘FZ
773 ) 7 T3 ) ) ) ) ) ) )
VBF “zz"vm‘(l’)‘wz) K (Apzs APz APz, AW Z) Kzz"vm‘(lrsz) KZZKVBF(I’)‘WZ) " Myz "zz“vuy(ls}'wz) ‘Mgz
WH K7z Mz - %o (AFz, hFZ, AP Z, AWz K77 - Myz K7zMvz - Myvz K77Myz - Mpz
ZH 77 * K (Mrzy Az, Mrzs Awz) K7y K%, * My vy

2 SM
K; = 1\11/1‘11

Table 5: A benchmark parametrization where custodial symmetry is probed through the Ay 7z parameter.

‘Compact Muon Solenod
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Backup: K / K¢

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: kv (= kw = kz), k(= Kt = Kb = Kq).

H — yy H—2Z" HoWW® [ Hobb |Horth
ggH K22 (xg K g Xy ) KE Ky KEK{
ttH xF (x:) K3 (x:) K2 (x:)
VBF . p .
4 Kf"'K? (Kf Kp oKy :K\") K{,-xi, K%"th
“Z/ﬁ xi (x:) K (%) ki (%)

Boson and fermion scaling without assumptions on the total width

Free parameters: xvv (= kv - kv /xu ), hev (= k¢ kv ).

H — yy H-2Z2" HoWW® |Hobb |Hoo
gegH
e | My (e Ay, ey 1) Kuv * My Kuy - My - My
VBF
WH Kyv - Ko (Mv, Ay, Ay, 1) Ky Ky - My
ZH

xk? =Dy /™

Table 4: A benchmark parametrization where custodial symmetry is assumed and vector boson couplings are
scaled together (xv) and fermions are assumed to scale with a single parameter (ks).
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Backup: Ay, =K 4/ K|

Probing up-type and down-type fermion symmetry assuming no invisible or undetectable widths

Free parameters: kv (= xz = kw ), Agu (= kg /xu), Ku(= xe).

H — yy H—>27ZZ% |H>WW® |[Hobb | Hovtt
Kg (xu Ay -’K\‘-)'x"rz (xll}"du KuKuhgy Ky ) Kg (x“kd” ’x“) K% Kﬁ (Kll Ady -'Kl‘-)' (Ku;‘du )2
ggH 3 3 3 e
KH (x:) XH (x:) L3571} (x:)
K?; 'x-?(xll}-du KuKuhdy ,K\.') K?: "% K?; '("12;~<£|x )2
ttH 7 -7 3
Ki (K,) XH (Kx) LT} (K")
VBF . . . .
\&‘TII K:'\); 'Kf(xu}\du KuKuhdu 1“\") K%’ \€ K{."(Ku.’\du)z
ZII K'f{ (K,) Klf{ (Kx) K?{ ("i)

Probing up-type and down-type fermion symmetry without assumptions on the total width

Frcc pal'amclcrb. Kuu(= Ku - K\;/Kll),;\du(= Kd/Ku),;\.\"u (= K\,’/Ku).

H — yy H—>2Z® |[H>WW® [Hobb | Hotth
ggh Kguxé ()"du: 1) ' Kg()"dua 1, Aqu, )‘Vu) Kgqu()‘dur 1) ' )"%’u K?xuxg(}‘dua 1) ’ )‘(21u
ttH Kaw * K2 (Adus 1 Adus Ava) Koy " Ay K2, - M,

VBF
WH Kauhy * K2 (Adus 1, Adus Avu) k2 A, AE K2uAS, - ML,
ZH

Table 6: A benchmark parametrization where the up-type and down-type symmetry of fermions is probed through

2 ) SM
K; =1ii/l ii +Kd = Kb = K«

the 4, parameter.

v
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Backup: A=K,/ K,

Probing quark and lepton fermion symmetry assuming no invisible or undetectable widths
Free parameters: ky (= kz = xw ), Mg (= ¥1/Xq), Kg (= K¢ = K3 ).

H — vy

H—ZZ™ | H—> WW®

H—ott"

ggH
ttH

.2 .2
KKy (Xq:KqKqhgXy )

"'f)i("i)

2,.2
Kq Kv

Y
KH (K:)

K:’: '(Kq )-lq )2

K'}zi (Kl)

VBF
WH
ZH

02 12l fys y ¢
Ky K {\q K Kghg Ky )

Ky (%:)

2 .2
K\v \\:

Kl.’l (Kl)

K;l (K!)

K%p '(qu]q)z

Kri (Kl)

H— vy

H—2Zzz® | H—WwW®

Probing quark and lepton fermion symmetry without assumptions on the total width

Free parameters: Kqq (= Kq * Kq /K1)y hig (= K1/Kq) s Avg (= kv /xg).

H — bb

ggH
ttH

K(21q ’ K‘?(lt 1, A-lq: A-\"q)

2 a2
Kag * Mg

VBF
WH
ZH

Kgq)‘%'q ' "?(1’ 1, hgsAvq)

K2 A2

2
qq™Vq )‘Vq

Table 7: A benchmark parametrization where the quark and lepton symmetry of fermions is probed through the

h|q parameter.

CMS

2 ) SM
Ki =ln/l\ii ,Kl = Kt
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Backup: invisible BSM decays

Probing loop structure assuming no invisible or undetectable widths

Free parameters: xg, Ky .

H — vy H—>272Z% |[H>WW® |H>bb | Ho ottt
ggH "'f; (Ki) K';"g (Kx‘)
ttH
VBF K2 1
WH x2 (ki) xg (x:)
ZH

Probing loop structure allowing for invisible or undetectable widths

ch pal’amclcmi Kg s Ky, BRi::v,,ur_dct, .

H— vy H—-2Z% |H->WW® |H—-bb | H—o1 1"
: "3"‘3 Kg
gglI K:}!{ (xi)/(l_BRinv..m:dct.) K'fi (Kl)/(l_Bninv..undm_)
ttH
VBF K2 i ]
WII K?{ (Ki)/(l_Bl{inv..\:x:dct.) K;l (K‘)/(l_Bl{inv..uudat.)
ZH

2 _ v /[SM
k; =1 1—,—/1 ii

Table 8: A benchmark parametrization where effective vertex couplings are allowed to float through the k. and k,
parameters. Instead of absorbing xy; , explicit allowance is made for a contribution from invisible or undetectable
widths via the BRiny. unde:. parameter.
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