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Lecture 2

Detectors

BDT

Statistics

Dissect one analysis
Main decay channels
top/Higgs

Coupling measurements
Differential measurements
Mass measurements
Width measurements
Spin structure

Not covered: searches and a lot more...
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H—-ZZ

Analysis takes advantage of the full kinematics
of the event: 5 angles + ma + mz1 + mz
(Z1 is the closest to the nominal Z mass)

Build pdf using matrix elements (MELA):

Prokg = Pé‘f;‘;(mz,,mzz,ﬁlmu) X Pﬁagss(mu),

P = P}‘i“(mzumzyﬁlmu) X ;%m(mulmH)l
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I e kin kin ()
and from these build kinematic discriminants | pin _ Po [1 Pbl;g(mzl'mzz'?|m4€)]
(this is one, later for the spin we’ll see others) 8 P+ Prig Poi (mz,, mz,, Q|myy)

cMS (s=7TeV,L=511";{s=8TeV,L=19.7f0" cMsS (5=7TeV,L=511":(s=8TeV,L=19.7f0" CcMS (s=7TeV,L=511b";{s=8TeV,L=19.7 0"

9 120 130 140 150 160 170 1 200 300 400 500 600 700 0
m,, (GeV) m,, (GeV) m,, (GeV)

ETH \Mauro Donega: Higgs properties 3

o Rts ~=rm g

120 130 140 150 160 170 180



Events / 3 GeV
— N N w w
(@) ] o (@) ] o (@) ]

—
o

Everything you learn for HZZ 1
yau can test on Z4l

200

35

30

Events / 3 GeV

25

20

10

| I|.
|||| l||
!i "

300

CMS (s=7TeV,L=5.1f";:Vs=8TeV,L=19.7 fb"

T I T T T | T T T | T I I | I T I I I I I

m,=126 GeV

1|
N
)
N
N
I|IIII|IIII|IIIIIIIII|IIII|

(6]
..I_‘_l_l_.lllII|Il|I|IIII|IIII|IIII|IIII|I

80 100 120 140 160 180
m,, (GeV)

lllllllllll

g IR

400 600 800
m,, (GeV)




H—)ZZ Lip = Lip(mar)

EZD = £2D (4, Dbkg)

u,0/1-jet U, d1]et ki
‘C3D ( M4y, Dbkg’ pT ) and ‘C ( vy Dbll(ré/ Djet)
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1017 N . e s | | |
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H—-WW

No mass peak because of the neutrinos in the final state

Signature:
2 oppositely charged isolated leptons
(e/mu min pT 20/10 GeV)

Missing Transverse Energy from neutrinos (>20GeV)
jets pT > 30 GeV (veto b-jets)

Main backgrounds:
non resonant WW, tt, Drell-Yan (same Flavour)

Discriminating variables:
invariant mass of the dilepton system m;
opening in phi of the dilepton system A¢

transverse mass m2 =

N

2p4 EMIsS (1 — cos Ag (44, E%‘iss))

~

J

Categorize in number of jets (0,1, / >=2)
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H—WW 0/1 jet bins

2D template fit on my mr
exe 0 jet bin
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observed 4.0 o
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H—-WW results

@ 125.6 GeV

~

491" (7 TeV) + 19.4 fb' (8 TeV) \

cMS 4.9 16" (7 TeV) + 19.4 fb” (8 TeV) cMms
= 5 i = L ]
75 75
Q [ — Observed | E " — Observed |
o1 02 §_ Median expected H— WW (all channels)‘g o1 02 E_ Median expected g’; H%éag ghea\?)n:slst))ackgroun d_é
S M expected= 10 ] & M epected= 1o ]
ﬁg‘ - Expected + 20 expected O . 3 E ﬂé‘ - Expected = 20 .
= 10¢ i = 10f E
- observed 1.1 § T ¢ ;
O \ 1 O n :
2 [y 2w
o 1F% w N ——— =
) F 'Y o) F NN TN 3
107 N { 10'f E
:] L 1 1 1 1 1 L I L. 'llIllIll'll"l'llllll"‘l'lllll'l: :1 L 1 L L L 1 Lk I U - lll‘lllllllll"llllllll 'lll]lllﬂ
110 200 300 400 500 600 110 200 300 400 500 600
\_ Higgs boson mass [GeV] Higgs boson mass [GeV] )
cMms 4917 (7 TeV) + 19.4 b (8 TeV) CMs 49" (7 TeV) + 19.4 fb™ (8 TeV)
8 297 ] F af ]
% i H— WW (all channels) ] 3 I H— WW (all channels) ]
2 I Expected i - Ly B e i
‘e 201 — Observed - S 3:_ R
o) r i = ls 4
o -. ] w i ]
5 . expected 5.8 0 & ol +0.20 -
i ] i o/osm = 0.72 Tgig |
i .observed 4.3 0 i ]
10F "' . [ ]
- : of | TTTTSummmmen, s
S5 A e, — e
<7 ] i |
- i -1 7
07 Il | T | [ IJ-I—i—T‘{‘!—LLL_IIlIllHHlHIllHIIIlI]I L | N I N O | J 1 LllllIJIJIl1JlIllll]ll[llllllllllllllr
110 200 300 400 500 600 110 200 300 400 500 600

ETH \Mauro Donega: Higgs properties

Higgs boson mass [GeV]

Higgs boson mass [GeV]



Ho1r

/ CMS Simulation /s = 8 TeV KT, CMS Simulation |s = 8 TeV wT, \
s 02 0.16
3 018:— —— H—ttmy =125 GeV - —— H—=ttm, =125 GeV
s 0 |:|z 0.14 DZ
2 0.16F - i o
ep €€ g g 014l .12
012} o1 SVFit
OZ.; Visible oze- mass
F mass .08
0.06F -
0.04F better separation
0.025— 0.02f~
O 50 100 150 200 280 "0 i00 150300 %0
\ m,,, [GeV] m.. [GeV] j
Look for all 6 decays

Observable: invariant mass
resolution ~10-20%

But T have neutrinos in the final state !
Use a Maximum Likelihood fit using the

T Tdecay products and the missing energy
Categories
0j,1j (9gF), 2j (VBF)

+TT I+TT (VH)
and further lepton pr, T T pT,jet properties

S/ (S+B) Weighted dN/dm_ [1/GeV]
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Everything you learn for Hbb
H > b b you can test on Vbb
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(107 times larger)
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Higgs to fermion evidence

0
=
7

fs=7TeV,L=5f"; Vs=8TeV,L=19-20 b
VH — bb (exp.) = (obs.)
VH — 11 (exp.) -+ (obs.)
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Combined -6- (exp.) —=-(obs.)
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Channel Significance (0) Best-fit
(mp = 125GeV) | Expected | Observed U
VH — bb 2.3 2.1 1.0 £05
H— 11 3.7 3.2 0.78 £0.27
Combined 44 3.8 0.83 £0.24
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H-Zy £.Z

“Spin-off’ of the H—yy analyses (background treatment)
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(H—-2Zy)
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H—puu

CMS Preliminary S/(S+B) Weighted CMS Preliminary Combination
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Similar results are obtained for H—ee and from ATLAS
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top/Higgs
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ttH

H + top quark(s) sensitive to the Yukawa coupling Yt at tree-level

b

eventually the full zoology
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ttH multi leptons

Consider:
H—-ZZ* H-WW?*, H—rr
tt : lepton + jets or dilepton

Signature:
2 same sign leptons + b-jets
3 leptons + b-jets
4 leptons + b-jets

Main backgrounds:
ttV, VV, reducible (at least one lepton not originating from W/Z/H)

Analysis strategy:

Use BDT to:
select high purity objects Similar machinery used for H4l|

distinguish ttH (sig) from tt-jets (bkg)
All final states fit simultaneously on a BDT output
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ttH multi leptons

example: 2 same sign leptons + b-jets

CMS Preliminary. u*u* channel fG=8Tev.L=196M"
35) T T EZHEE
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BDT output BDT output BDT output
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ttH multi leptons

four-lepton
u<6.8 (8.8 exp)

trilepton
u<6.7 (3.8 exp)

dilepton
u<9.1 (3.4 exp)

combined
u<6.6 (2.4 exp)

\s=8TeV, L=19.6fb"

CMS Preliminary
my = 125.7 GeV

-=- Observed
+&- Exp. (68%)
@3- Exp. (95%)

3456

10 20 30

95% CL upper limitonu = o/oSM

expected 2.4
observed 6.6

ETH \Mauro Donega: Higgs properties

four-lepton
= .4 D44
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trilepton
- +2.2
n= 2'7-1.8
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_ +4.6
n= 2'8-4.1
dimuon
_ +3.3
n= 8'4-2.7
electron-muon
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-2.3
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CMS Preliminary m, = 125.7 GeV

B combined u = 3.7

——F
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ttH combined
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ttH—yy now is resonant background
+ usual non resonant yy

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

%

No sensitivity yet.

9 -IlllllIll'llIlllI'Illll'lllllll'lll'lII‘
8 05- e Data
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95% UL = 4.1 x the expected section

assuming Ct= -1
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Single channels inputs

Combine in one monster likelihood everything we measured about the Higgs:
207 categories
2519 nuisances

The event samples selected by the different analyses are mutually exclusive.

(not always true: When results are grouped according to decay/production tag, each individual category is
assigned to the decay mode group that, in the SM, is expected to dominate the sensitivity in that channel.)

L(data|s(a) +b, ,)
L(data|s(a) + b, 0)

+ n parameters depending on the measurement

Test statistics g(a) = —2AInL = —21In

: Significance (0)

Channel grouping Observed Expected
H — ZZ tagged 6.5 6.3
H — 7y tagged 5.6 5.3
H — WW tagged 4.7 5.4
Grouped as in Ref. [17] 4.3 5.4
H — 77 tagged 3.8 3.9
Grouped as in Ref. [19] 3.9 3.9
H — bb tagged 2.0 2.3
Grouped as in Ref. [16] 2.1 2.3
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Signal strength

U is allowed to become negative if the observed number of events is smaller than the expected yield for the background-only hypothesis.

The combined signal strength is: ﬁ =1.00 =0.13

1.00 + 0.09 (stat.) 7905 (theo.) =+ 0.07 (syst.)

19.7 fb™ (8 TeV) + 5.1 6" (7 TeV) 19.7 b (8 TeV) + 5.1b” (7 TeV)

19.7 b (8 TeV) + 5.1 b (7 TeV)

Combined - =
H :»mg {\?ﬁztm? CMS m,, =125 GeV Combined CMS m, =125 GeV Combined CMS m, =125 GeV
- ag . w=1.00=0.13 .. w=100:0.13 | Prefimin
H— bb (ttH tag) Prelimina Prellmlnafy e aly
H— yy (untagged) H — bb tagged
H—yy (VBF tag) u=0.93 = 0.49 Untagged -
H— vy (VH tag) w=0.87=+0.16
H—yy (itH tag) H — 7t tagged
H—> WW (0/1 jet) w= o.ggg 0.27 o
| — WW (VBF tag) VBF tagged || .
H— WW (VH tag) Hsvv taaged w=1.14x027
H— WW (ttH tag) @ Y_Y1 1399024 -
H— v (01 jet) w=lie=t VH tacaed
H — tt (VBF tag) agge —m—
H— <t (VH tag) H— m;ﬁgog;d —_— u=0.89=0.38
H — vt (ttH tag) = p=no9s
H— ZZ (01 jet)
H—2Z @jets)|_ | i-— e H— 2Ztagged i B e 096 = )
- -2 0 2 4 6 wEMEEREL . ' ' ]
Best flt G/GSM 0 0'5 1 2 O . - . 4 1 - . . - 2 4 3 - - 4 . 4

ATLAS u = 1.30 + 0.12 (stat)
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15
Best fit o/oSM

+0.14

_0.11 (Sys)

Best fit O/OSM

This is driven by the ttH-gg

and

the ttH multilepton
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signal strength in combinations

Production mechanism associated to fermions (ggH + ttH) or bosons (VBF+VH)

MVBF,VH

.l N\ el

19.7 6" (8 TeV) + 5.1 fb" (7 TeV)
T 1 | T I 1 1 1 1 I 1 1 I T

T T T T l
- CMS
- Preliminary

H — Tt tagged
H— WW tagged ||
H— ZZtagged |
H— bbtagged |
H — yy tagged 1
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14

12

10f

»

19.7 6" (8 TeV) + 5.1 fb (7 TeV)

1
-CMS
[ Preliminary

:uggH’ uVB_F' U-VHl I"“H

— Observed

----Exp. for SMH |]

N

1l ’\‘\\)/LTI"

14

12

10}

% o5

»

15
N

2

ggH

19.7fb™' (8 TeV) + 5.1 b (7 TeV)
_— e s b

-CMS
[ Preliminary
B Myvare By W

ggH’ VH TttH

— Observed

----Exp. for SM H 1

N
T

|

o

1

assumes SM BR for decays

2

3

l"VH

-2AInL

-2AInL

19.7 " (8 TeV) + 5.1 fb" (7 TeV)

-cms

14 — Observed ]
- Preliminary —---Exp.for SMH |]
12 _uggH. Hyger My My T
10} ]
8l E
6 __ _i
4t |
2 ]
N S O\ N P
0 1 2 8
Hygr
19.7fb™ (8 TeV) + 5.1 b (7 TeV)
S L ) . S L S —_—
14 - CMS — Observed n
- Preliminary ----Exp.for SMH ]
12 uggH’ l"VBF’ I“VH' I"nH B
*\ 2.1 si
i .1 Sigma
8- /'I g
o \ away fromy1
4 7
2 B
ol LN A L
0 2 4 6 8
u
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Hp testing on couplings

2 2
My 173 mz 2 o+ o —
H —2 7, Z'H — FH
Cg, B HED, 22+ ) = S WiW

H(ngro G G H +{m)s— A, A" H +(2)— A 2" H
@Z LR fff+@ > Myf)m

=u,c,t f=d,s,b f=e,u,t
Coupling modifiers: @ i =V, (same modifier for W and Z)
W, Z,
f, (same modifier for all fermions)
Deviation from 1 |, g, (one modifier for all leptons and another one for all quarks)
indicates New Physics u-type quarks, d-type quarks,
b, top, g, y,T

(in particular kg (gluon) in production means not resolving the top loop
ky (photon) in decay means not resolving the top/W loop)

T Ox = production cross section (ggH, VBF, VH, ttH)
(0' . B) (x —-H — f]-‘) — u rﬁf partial decay width into final state ff: WW, ZZ,yv,bb,T7
rtot Tiot total width accounting for a possible BSM partial decay width

I'iot = 2T +1IBsm
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Custodial symmetry Awz =xw/xz

19.7 b (8 TeV) + 5.1 fb" (7 TeV) 19.7fo" (8 TeV) + 5.1 fb' (7 TeV)

J 1 0 :l LI L l' T rTrTrrTTa ] Ty T rTrTrTa l L Y: 4 1 0 :T L L L l T Ty rrTd ] L L L L L L L 1:
£ of CMS — Observed E £ of CMS — Observed E
< | Preliminary -—--Exp.for SMH | < | Preliminary -—--Exp.forSMH |
N 8L H—VV (0/1 jet) — N 8L Knkzhyy , -
7t =LKz Ay S 3 7k =. E

6f ‘ s 6| : E

5 ': - 5| | -
4F ; = 4F : =

3 1 E 3F ' E

2F E 2F : E

1t : ] 1t "~ :

o:l | I [ 1 L1 Ul \\ 4’1' L .| l | I . l: O:I A N l 1 11 1 ;l ”l L 114 1 1 11 l § I | J:
0 0.5 1 1.5 2 0 0.5 1 1.5 2

Myz (K= 1)

SM fermion couplings

)“WZ

fermion coupling modifier profiled
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Couplings to fermions and
bosons

197fb (8TeV)+ 5.1 (7 TeV) 197fb (8TeV)+ 5.1 o (7 TeV)

J 20— 7T J 20— 1 TV T
i CMS : 1.8 Z CMS j

1.5C preliminary .. E | Preliminary ]

- R i . 1.6 B

1.0 ”/Ci)): = - ’

: ( /-{’_.' — ]

-
4 aeve
1' b et e
-
.
.
.
.

- ] 1.2¢ SN ]
0.0F . 1.0F / oo
: : 2 P f
-0.51 . _ = 0.8 F // §
: { § . 0.6 LN .
-1.01 RS - - e ‘ ]
- ) . 0.4 —
150 / E 0.2f -
-2.0t """" e L ] 0_0F nnnnnnnnn I I .
00 /05 1.0 1.5 0.0 0.5 1.0 1.5
Ky Ky
This would flip the interference
in the W/top decay loop in vy Constraint to be both positive:
Not favoured by data vy the contour is slightly different
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Couplings to fermions and

bosons

19.7 b (8 TeV) + 5.1 fb” (7 TeV)

‘0—2.0||lllllllIIIIIIIIIIIIIIl||l
g a I I

- CMS
1.5¢ Preliminary

1.0
0.5
0.0f
-0.5

""""
. -

-1.0

.
------

-1.5

Illllllllllllllll

-------

l LI I UL I LI
(
\

PR
-..‘. Seel
.

-
-

llllllllllllllllll

llllllllllllllllll

_2.0_||1|||||1[111|111||||||||||

0.0 0.5
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1.0

K—l
<':

2.5
2
1.5

0.5

-0.5

-1.6

1 I I I | 1 I 1 I | I 1 I 1 | 1 1 I I | 1 I 1 I I I 1 1 1 _
- ATLAS Preliminary + SM .
- (s=7TeV, [Ldt=4.6-4.8 b’ x Best fit .
— {s=8TeV, [Ldt=20.3b" —68%CL -
- Combined H—> yy,ZZ* WW*ttbb  ~7 95%CL E
3 P S
A E
: 1 1 1 1 | 1 | 1 | l 1 1 Il 1 | 1 1 1 1 | 1 l 1 | I 1 1 1 1 E

8 0.9 1 1.1 1.2 1.3 1.4
Ky
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Couplings to fermions and
bosons .———

25 9‘m +SM ]
| st

19.7 fb” ( 115778 Tav)

52_ 2 0_1 LI L L B B B L 2 ’ 20”0 68%& :"1—_
1 - CMS T R IV e T T T T T T T T T T T T T
5: Preliminary 1.5: ezt 1 - ATLAS Preliminary + SM ]
10: I <5 )1 1 2'5;_ s=7TeV, det 4.6-4.8 b x Best fit E
VE T T 2F (s=8Tev, [Ldt=20.310" —68%CL  —
05k i - | 1.5/ Combined H- yy.zZ* WW*rtbb -7 9% CL >
- ; - = P Ty S
- L ] 1_— . @ _ —
0.0 Ir - - (-_________________..---"" .
N [ ] 1 0.5;— =
-0.51 | I S E
1.0f g ) i -
B 4 . - (/’— -"\\ 7
a Fo - -1 ~< e -]
_1.5_ “ NAREER] INEA RERRAREAR NI, ] . e ——— -
: N I Y A A T T T I

Y o E 8.8 0.9 1 1.1 1.2 1.3

0.0 0.5 "1 Ky

K

Vv
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Couplings to fermions and
bosons

CMS Preliminary 19.7 fo” (8 TeV) +5.1 fb” (7 TeV)

! : + ObSeNed o SM nggs L T T 171 l L I L | L | L | L | L L UL I 1714
2 e o A o H - bl) - Hotw
- ; - ATLAS Preliminary E I|-| — 4 wpH—-WNv -
- - Vs =7 TeV [Ldt = 4.6-4.8 fb" e H — vy mCombined +
i 3 Vs=8TeV [Ldt=203 1" + SM x BestFit  —
17 ol | =
i 1= =
of : :
i O —
l 1 =
-1 z E
i 2 -
= :I L1 1 I L1 11 I | | I L1 .I 1 I L1 11 I L1 11 I | I | I L1 1 I I L1 11 I L1 1 I:

s 06 07 08 09 1 11 12 13 14 15 1.6
-20 Ky
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Test for BSM physics

Processes with loops: ggH Hyy (fit the modifier without resolving the loop)

19.7 b (8TeV)+ 51fb (7TeV)

o 1.8
¥ “tcms
1-6_ Preliminary B
1.4 =
= s / '..\ .
1.0F P \\\'"*-._ s
i i\ N
0.8 N \) A~
- -,....\\\—_’/ 's
0.6 e -
0.4} R
0 2: ..... | I R R Lo | IR :
' 0.5 1.0 1.5
Ky
Assume-I'ggp =0
o-x * r
(0-B) (x> H— ff) = 7
tot

l.e. rtot = er—f
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-2AInL

197fb @TeV) + 51fb (7 Tev)

-
O

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII J
of CMS —Observed c
E Preliminary —Exp.forSMH [{ <
BEKWKQ, BRBSM . 1 (}1
7t =
6 =
51 =
4= ‘ =
3F =
2F =
1F y
O: b
0 0.2 0.4 0.6 0.8 1
BRBSM

Profile Ky, Kg ,
leave all the tree level as SM
and scan BRgsm

BRgeswm in [0,0.32] at 95% CL

197fb (8 TeV) + 51fb (7 TeV)

10—
of CMS —_ Observed E
8T - Preliminary ---Exp. for SMH

KKy Kys1, . .
7f Mo Ko Xo BRgsu -
6 - -
51 :
4r ]
3t g
2 ]
1 1
0 ST e Liioissss | IR TP, ]

0 0.2 04 0.6 0.8 1
BRBSM

all modifiers profiled
only xy <1

BRaswm in [0,0.58] at 95% CL
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lepton/quark - u-type/d-type
asymmetries

19.7 b (8TeV)+ 51fb (7 TeV) 19.7 b (8TeV)+ 51fb (7 Tev)

4 10— A e L L . - 10— L e L
c Q}CMS —Observed £ £ gt CMS —Observed E
< Preliminary —--Exp.forsMH [{ < FP ’e”’"’"aﬂ’ -~ Exp.for SMH |
N BE gy Ku Ky 1 N B AgkeKy T
7t ‘ : 70\ /-
of 1 e
5F 3 5- s
41 __ 4% E
of 1 e

1t : 1t
O es T s 2 % es T 15 2
)"du }"Iq
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Six scaling
factors

« W and Z bosons scaled by a
common factor kV;

« third generation fermions scaled
independently by kt, Kb, and Kr;

« first and second generation fermions
are equal to those for the third;

« gluons and photons, induced by loop
diagrams, are given independent
scaling factors kg and ky,

 BSM = zero

The maximum number of parameters
you can fit (valid for ANY fit) depends
on how much statistics you have
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-2AInL
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-2AInL

Q_CMS — Observed E
8: Preliminary - Exp.for SMH |3
Kys Kgr Ky Kpy Koy Ky ]
U3 : E
6} E
5f 1
4F =
3 1
2 3 E
1f A ]
0: ......... | I ..M ...... lesssanse 3
0 0.5 1 1.5 2
Ky
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Compatibility summary CMS

Model

Parameters

Kz, Awz (k¢ =1)

Kz, Awz, K¢

Ky, K¢

Kgr Ky

xgl K’)‘l BRBSM

Ky, Adus Ky

Ky, /\fql Kq

Kg, Kfy, Kv,
Kb, Ker Ky
as above

plus BRBSM
and Ky < 1

Best-fit result

Parameter 68% CL  95% CL

Comment

/\VVZ = Xw / Kz
using ZZ and
0/1-jet WW channels.

Awz 091701 [070,1.22]

Awz = xw/xz from

full combination.
+0.07 xv scales couplings
+0.14 x¢ scales couplings
Kt 0897513 [0.64,1.16] to all fermions.
Kg 0.89:8:}8 [0.69,1.10] Effective couplings to
K.y 115775 [0.89,1.42] gluonc:u(f) af;\d photons (7).
Branching fraction
BRpsm <013 [0.00,0.32] for BSM decays.

Adu 1.017523  [0.66,1.43]

Agu = Ku/Kg, relating
up-type and down-type

fermions.

Atq 1027937 [0.61,1.49]

Agq = Ky /%q, relating
leptons and quarks.

Xy 0.76701> [0.51,1.09]

Koy 0.997518  [0.66,1.37]
Ky 0977012 [0.64,1.26]

Kp 0.671'8:;; [0.00,1.31] Down-type quarks (via b).
Ky 0.83“:'08'1! 9!2 [0.48,1.22] Charged leptons (via 7).
Kt 1.617,5, [0.97,2.28] Up-type quarks (via t).

BRgsum <034 [0.00,0.58]
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Compatibility summary ATLAS

I.u. = invisible undetected

ETH \Mauro Donega: Higgs properties

ATLAS Preliminary

Total uncertainty

my = 125.5 GeV + 1o + 20
Model:x,, k¢ : \ :'
Pgy=10% +0.08 : | | £0
KV—1 .1 5—008 [ e :." — ‘1 o
+0.17 “o
KF=0.99 015 e [ \L 19
Model: A, %y ,
pSM=10°A) +0.14 : | O
Aey=0.86 1, . 1 JA 19
Model: A, hgy, K7z
Py, =19% +0.14 : “0
Mz=0-94 5 5 S 1 N % 1q
Model: 2, Ay Koy
p,,=20% Ay, E N 26
[-1.24,-0.81]U[0.78,1.15] L [ i/ 1o
Model: A , A, ,k .
pSM=15°/I: e A . el - : /2 o
[-1.48,-0.99]U[0.99,1.50] Y- 1 e
Model: kg, x, ,
pSM=9cyo +0.15 O
Kg—1 -08_0.13 . l : l /}, l1 Q]
+0.15 °o
KY =1 .1 9 -0.12 : 1 . [ s "‘.‘.\ /,.f"‘l: ‘ ‘1 fs)
Model:x,, x,, Bi'u
Pgy=18% +0.29 : / BR;,<041 20
BR, ,=0.16_;, ] Q- @%CL...1q

)

\s=7TeV [Ldt =4.6-4.8 fb"
\s =8 TeV [Ldt =20.3 fb”

0o 1 2

Parameter value
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Differential
measurements

ETH Mauro



Differential cross sections

Begin to dissect the Higgs boson, measure the differential production cross section.
Still largely dominated by statistical uncertainties, but a good preparatory exercise for Run 2.

Final goal combine the fits of the coupling modifiers with the full kinematics information.

exe: pT spectrum constrains the operators with derivative of the field.
=>Multiply the combination likelihood with likelihood that fits the pT

~

7Y J1 | : |
prr perturbative-QCD modelling ggF (dominant) pT yjl
gluon fusion production mechanism and PDFs

|y’7’7| p‘,jI? Hr

Ayjs| |1 B¢yy,5]
Ecos 0| |A¢jj|] SinCP /

production mechanisms
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Differential H—vy
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Differential

H—-ZZ

Handful of events

Fiducial region defined on bare leptons
(i.e. no final state radiation added - dressed),

difference ~0.5%
muons (electrons) p,> 6 (7) GeV
In| < 2.7 (2.47)

@ 125.4GeV

O'tot

osm = 1.30+£0.13 b
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Py [GeV)
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Mass measurements
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H—yy CMS - ViEET-wea

It’s all about energy calibrations electromagnetic
It’s all about how well you know your detector shower

ESuperCluster — Z [@Cmtaa '[chtal (tj '[AajtaJ g/ S ——

25001
<
xtal T~ s
: 52000—
> 3(10 L B L S S e =
8 1803_CMS Preliminary2012 == no corrections 1 ‘ CMS Prelimine‘]ry201l1-2012 5150();
 E=8TeV L=196 fb" = . ST 8 i
g 1600 15=08TeV L=196 b A\ fncereatibratiens (1) . 09 R ‘\t‘nww\w = N i ]%% oo
o 140 ~ ; S o7 A NG VIS i N [V S B
..Q . ]1 === 1C + LM corrections 8 0.6 A 'i\w‘ ) VA ‘ -
c - ECAL barrel : ) : Mmi<i4 o T B
o 120F { 5 05 5 s, R 500
0 C © ol 15<m<is N
] 100__ % 03 | 18<nj<21 e (\\'“M\/ n
- ® 02| sacmeer - P‘o’
801 01 27<m o 0
60;* %_A 7 : J |y .
i conic pu
: ES & MW; !% II IR electronics puilse
- e Ml I y IR ERNLY.
- P \ 2 1 b #RU a2 oo B from an ECAL
6 8 100 120 R P A P S S S channel
Mee (GeV/c ) date (month/year)
. . crystal transparency changes
InterCalibrations flatten the y ansp y 9
during the LHC run

Qsponse of ECAL vs eta/@ Measured every 20 minutes /

The final energy correction is obtained through a regression BDT using as input several shower shapes
variables and information about the pileup in the event (p, #vtx)

Finally: the energy scale of the data is set to MC the resolution of the MC is set on data on Zee
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H—y+ CMS

Source of uncertainty

Uncertainty in

BOOST 90 — 125 (high pT Z)

Z—ee
Z-scale energy
Electrons

Systematics:
energy scale/resolution
+50 MeV

9 CMS H—yy 19.7 o (8 TeV) + 5.1 b (7 TeV)
—_ Y T
T Y ~ 1 —
E gF\* m,, = 124.70 = 0.34 GeV e
S TE\ 124.70 = 0.31 (stat) = 0.15 (syst) GeV , [ 3
7E\\ =
- . Floating Wygr v @nd W ggH tiH ! ]
6 \* L=
5\ RV
4 - ‘\‘ —— Total uncertainty '.' B
3 E_ ““ - - - Statistical only ,,' _E
2F =
1F .
0 : 1 1 1 | 1 1 l 1 1 l 1 I 1 1 :
124 124.5 125 125.5
m, (GeV)
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fle (GeV)
Imperfect simulation of electron-photon differences 0.10
Linearity of the energy scale 0.10
Energy scale calibration and resolution 0.05
Other 0.04
All systematic uncertainties in the signal model 0.15
Statistical 0.31
Total 0.34
H—ee m
H-scale energy m
Electrons %
Systematics: 8
Non-linearity >
+100 MeV 2
|
-
Ak
@)
H-scale energy c%
Photons =
Systematics: %
Electron/photon e
differences
+100 MeV
Get the statistical uncertainty by fixing
the nuisance to their best values
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H—ZZ CMS

g 0.004RE————_fatmizere o 0 00ft e
£ 0.003f { & o.003F ]
—~ 0.002 1 = o0.002f -
© o —— . ©
gsg 0.001F ey 8% 0001F i, | -
: i =e 1 T e o P ————
- Of ——— 1 . 0.000— = .
g % . ] a % C — g ]
°E° -0.001F Z, M 0.008 &Ev -0.001F + ¢ Z ml0.024]
~ 00025 z mosis | = 00025_ T} z m:?gg:,—
Electrons MVA R Z 1525 : b Ul 0.0:04 ]
. -0.003}- i Y, m0.0-15 -0.003} b, i 0.8-1.27]
(use ECAL and traCker InfO) 0004: ‘‘‘‘‘‘‘ 1,,.,1.“,1“‘{/‘?},"!?,01,5,‘.: 00045 AAAAAAAA 1..,.1,“,1,?,‘{/11{,'1‘1“16‘.2,0,
) 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70
Scale data, smear MC Electron P, (GeV) Muon P, (GeV)
Q 10-CM‘S‘ — F 7T?VL 51fbI is= 8TeVL 197tb‘ Q 1GCMIS| - F 7TeVL 51fb‘ F 8TeVL 197fb‘
c | —Comblned i c K
Muons < 9 < % pon
. . . g N gF e’
(multiple scattering in the tracker) ; ; —e
7 s 2D
GE Gé _ng
E E L7y (stat. only)
S5t St ]
4 4f- s
2f 2f =
1 1
E LN AR TR B E...I..\/\‘.J...I...:
22 124 126 128 130 132 22 124 126 128 130 132
my, (GeV) my, (GeV)

my = 125.6 & 0.4 (stat.) £ 0.2 (syst.) GeV
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CMS combined mass

19.7 o' (8 TeV) + 5.1 fb" (7 TeV)
I ] ] 1 I L L I T T T T T T

= ]
% i % Combined
\g i Ic:’:rmgina + H-—yytagged
2.0 y
"H—=yy+H—>2Z + H-— ZZtagged
1.51 .
1.0F .
0.5 .
| 1 1 1 1 l 1 1 1 1 l 1 1 Il 1 | | | | Il |
0'923 124 125 126 127
m,, (GeV)

-2AInL

-2AInL

125.03 1555 (stat.) 7913 (syst.) GeV
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O

(~1.60 difference)

19.7 o'

(8 TeV) + 5.1 fo” (7 TeV)

E Preliminary

u,,u (ggHttH),
u_(VBF,VH)

||||||||| | L

FH—yy +H—>2Z

xxxxxxxxxxxxxxxxxx

= Combined
—— H — yy tagged
—— H — ZZ tagged

/
d — I

W
125 126 127
my (GeV)
0, 19.7 fo! (8TeV)+ 51fb (7 TeV)
IIIIIIIII | TT T T T T T 1T TT T T T T T 1T TT T T T TTT \
9 - CMS — stat. + syst.

- Preliminary --- stat. only E
8[H— vy +H—=2Z2Z ]
7; uZZ’ l"w(ggH:ﬂH)! _:

g w (VBF,VH) 1
6E v . ?
51 E
it .
ot
2 =
1

: IIIIIIIII | 111 1 U I\ LUl 111 I IIIIIIIII :
923 124 125 126 127
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ATLAS mass old results

< 7 o 21295 ATLAS Preliminary
c ATLAS Preliminary —— Combined (stat+sys) O | Vs=7TeV:fLdt-46481"
Y [ Vs=7Tev:[Ldt-4648f" - Combined (stat only) S i et
g Ve =BTeV:[Lat =207 " i E X o
7 —— H=22" > 4 127 95% CL
: [ =——lgg7%eCcL @«
= - —Amgz=0
K 126 Pl e
5 . :
i 1250
41— 20 124;
. N\ e
3 g L2 S o
1221—
A EEEEE NN RN FEETE NS S S|
o 122 123 124 125 126 127 128 129
B my, [GeV]
21— <
™ c ATLAS Preliminary
E N 10 Vs =7 TeV:|Ldt = 4.6-4.8 b
: i Vs =8TeV:|Ldt = 20.7 fb!
1 1o i 30
- 8_
_1 w1=11 | | '11 Ll JLLALI L1l =
P21 122 128 124 125 126 127 128 129 6 L
my [GeV] i
Statistical fluctuation or systematic effect ? o 20
H—yy 126.8 40.2 (stat)(x 0.7 (syst)|GeV L
+(.6 +0.5 i
H—Z2Z124.3 "33 (stat) || 12 (syst) GeV R R e S o

5

combined = 125.5 £ 0.2 (stat) +8g (sys) GeV | o]
' Amg=2.3 106 (stat) £ 0.6 (sys) GeV

240 1 Amy=0(p=1.5%
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H—yy ATLAS

Huge amount of work went in the electron/photon calibration:
use a BDT energy regression
new inter calibration EM layers 1,2 with muons
new tracker material description

new assessment of EM calorimeter stability WL jaease Gy T _
new energy/resolution calibrations from Zee vo| Jua=msm el e i
Systematic uncertainties reduced by 2.5 . C‘; - N -
. . 102N, <18 B —-—.— |

And on the analysis side: sl : .
new bkg modell[ng ol B
new categorisation el . 7

EE B ATLAS —a—o— |

RN RN SEETE PN T PR SEEEE SRR RS SR EE NN

E = endcap

mH = 125.98 + 0.42(stat) + 0.28(sys) GeV B = barrel
=125.98 £ 0.50 GeV (p =1.29 £ 0.30) U = unconverted

C = converted
Npv = # primary vtx (Pile Up)
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H—ZZ ATLAS

New electron ID (BDT)

(new EM calibrations)
new BDT to separate ZZ from bkg

new muon pT corrections
Total systematic uncertainty down by ~6

mH = 124.51 £ 0.52(stat) £ 0.06(sys) GeV
=124.51£0.52 GeV (u = 1.66’:8-‘;2)
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-2InA

14F
12f
101

s =7TeV: J.Ldt =451

[ {s=8 TeV:ILdt =203fb"

— 2e21
2n2e —

— Combined

Dashed without systematics




ATLAS combined mass

’s\ 4-—" ]]]]]]]] I’YIIIII'YII‘I‘I["'I |||||||| ]""_l_ < 7_]' llllllll ]lllllllIlllllllllllllllllll]lllllll_
@ - ATLAS —C°mb'“ed YY+Zz* 3 é o ATLAS —— Combined yy+4/ ]
8 35:_V_=7Tev Ldt = 4.5 fb! —:—*YY . e h 6‘_r=7TeV{Ldt 45" —H-oyy .
@ O s=8TeV [Ldt=203 " —Hozod T [ 's=8TeV JLdt=203 " — HoZZ >4l .
%I 3;— X gg;fgtL —; s vilithout systefnatics =
% o5 e 95% CL E C ]

o F ] 41 —f2o
S 2k = : .
o - ] 3__ -
2 15F — » .
E : . 21 =
5 1= E : :

7 osE E 3 El
AT T T T E C N .

o 123 1235 124 1245 125 1255 126 1265 127 1275 04 123 1235 124 1245 125 1255 126 1265 127 127.5
m,, [GeV] m, [GeV]

mH = 125.36 £ 0.37(stat) £ 0.18(sys) GeV
=125.36 £ 0.41 GeV

Total uncertainty reduced by ~ 40%
Systematic uncertainties reduced by factor ~ 3
Compatibility between channels:

2.00 (4.8%) for observed ua and pyy,

1.60 for y = 1 (previous compatibility 2.50)
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Width
measurements
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Direct measurement

SM width ~4 MeV
Strongly limited by the mass (energy/momentum) resolution of the detector

Scanning the vy, ZZ(3D) likelihood vs. the width parameter

CMS

[*2]

I'y = 0.0753GeV,

Vs=7TeV,L=5.1fb"; \s=8TeV,L=19.7 fb

2AInL

I I I I I I I I I I "'1 I I I

mI"
c 3D

------- Expected

— Observed

IIlllIlIIlIIlIllIIlIIlI

Illllllllllllllll[l?—

|

T 1T T 1

=11 |

2

Upper Limit 3.4 GeV
(exp 2.8 GeV)
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19.7 b" (8 TeV) + 5.1 fb' (7 TeV)

— Observed
Expected

I'y,<24 GeV (obs.)

0,
FH < 3.1 GeV (exp_) at 95% CL
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off-shell ZZ production: method

The assumption behind “production cross section are compatible with the SM”, is that width is the
SM one. You can get the same cross sections by rescaling simultaneously couplings and width:

Caola-Melnikov 1307.4935 > 60
2 2 S
. gz gf 2 50
i > H— f Oi—H—f ™ 2
FH Q 40
L
d 2 2 30
Opp—sH—ZZ gHgggHZZ
In general:

dM? (MZ —m%)?2 + m4T%

CMS 19.7fb” (8 TeV) + 5.1 fb™' (7 TeV)
T T I LI I T I T TT I T I LI I rTrTT l_
= * Data 7

| = [gg+W »2Z ]

) J P gy —2Z h
’ % B z+X ]

ll ]

Away from the peak it becomes independent from the width
Important to estimate correctly the k-factors !

Off peak contributions:

110 120 130 140 150

m, (GeV) ]

ol Ly .
- 2 JCIOANY. |
400 500 600 700 800
m,, (GeV)

off-shell production: gg + VBF ~7%. No contribution from ttH,VH offshell

interference with the ZZ box production

o \AAAAAN o
Q000000 - MWW\-Z, 800000~ t Z
o)
e H K\
~ R\
4 g t4 - y
-~ ?‘/‘
/ V1
W,
r A A AAAA - // “
NN ) \AAAAN ~ O
£ 2000000 WWWWW-Z, 8100000/ L “Z
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off-shell ZZ production: results

19.7fb" (8 TeV) + 5.1 fb” (7 TeV
J CMS ( ) ( .? < 1 4 i T T | I 1 1 1 l I 1 1 I 1 | 1 I I I I I 1 L | 1 I I
C {Q}—— 4!/ observed ’ £ ) ]
— — QY] -
< [ 4lexpected v 4ol ATLAS Preliminary N
o [ 22y dl g, Observed 212v+4l+4l,, . combined
gl 212v + 41, ., expected i R
B — . — -1
| —— Combined ZZ observed 10 Vs=8TeV: f Ldt=20.3 7
-------- Combined ZZ expected B i
- === expected with syst. ) =
6 8 IEEEEE expected no syst. Lo
~ — observed VI
6 A
4= e 95%CL |
4.T ................................. ,........’Af.‘ ........................ -
2 : 1
2 | ‘.‘. . .° _—
. 68%CL | B i
oA % L_L‘J'ﬁf“-'f.;l”l e v b b by ]
0 2 4 6 8 10 12__14
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Spin structure
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Spin 0,1,2

For spin 0 we moved from the spin hypothesis testing to the parameters estimation.
Write the amplitudes for the decay and constrain its parameters through a ML fit

Presently H-ZZ-4] and HWW are included in the fits.

Consider also spin 1 despite the decay to gamma-gamma. The idea is to probe if the
resonance is composed of 2 resonances one with spin1 and the other with spin #1

decaying to vy, close in mass no t to be resolved by the detectors, but far enough
not to interfere

ETH \Mauro Donega: Higgs properties
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Spin 0

Amplitude parametrisation:

on 92, 192
A(ijo — W) ~ v a|— e'Pr ~41 5 i 3 21622
(A1)
/77— + ay ;]Szl)f*(b),}w +las r;]SZl)f’*(Zz),yv
Z’Y% + ag'}' ;Igz)f*('y) uv 4+ a3z’)' ;IEZ)f‘"*('y) v
v + ag'rlf;yn) f*('Yz),yv | a'smwlg”n) f'*('yz),yv>

Notation:
V1,V2=27%, Zx* vy
a1 = tree level SM interaction (CP-even)
a> = SM Z*gamma*, gamma*gamma* (CP-even)
asz = CP-odd
ai= form factors depending on kinematics invariants (mZ?, mV12, mV22)
in general have a Re and Im part. Here considered kin independent
= scale for new physics affecting tree level coupling to ZZ
€ = polarisation vectors
gi = Vi momentum
fOr = elgr —evgl  field strength tensor of Vi

SM: a1 =2;a2 ~10-3 ; a3 ~0
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Spin 0

What we really fit (more convenient) is a re-parametrisation in terms of effective fractions:

faz = Lol ¢3—arg(a3>
a - a3 =
a1]201 + |a2|202 + |as|203 + A, / (A1)* a
|a2|2(72 a
fa2 = - ¢a2 =arg | —
1201 + |az|202 + |a3|205 + &4, / (A1)* a
oa,/ (Ar)?

|a1|201 + |az|202 + |az|?03 + 0p, / (A1)4

(consider H-ZZ-2e2mu to avoid taking into account the interference between same flavour
final states)
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Amplitude parametrisation mixture of 1* 1-:
A(Xj=1 = ViVa) ~ b1 [(e7,9) (e1,€x) + (€71,9) (€,€x)] + ba€npvpeke

b1 = pure vector
b2 = pure pseudo-vector

In terms of effective fractions:

|b2|202
|b1|207 + |b2|?07

fr2 =

Consider only ZZ

ETH \Mauro Donega: Higgs properties

U _xv
Vi €V2

qﬁ
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Spin 2

Amplitude parametrisation ZZ only:

A(Xjzg > V1Vp) ~ A7} [Wf*lfwf*%va 4+ zw q“qﬁf*l,yaf*Z vB

| B qﬁq by (FURY FI2 4 fr2m fiy . T b frlap *éz)

o} (yvev &+ 2E‘qj\‘§“ b (€63t — eitery) +f 7T t,wevlevz)
' A2 t#vf i :éz) C]t *GuCuvpo€y €1 q°

€10 wqu PFT [ *V x o x
—NA2 Cuvpoq 4 (€V1 (q€V2)+€v2(q€V1)) ’

_|_

€ = polarisation vectors
t = wave function of X
ci = (as in spin 0) momentum independent form factors
c1-c5 = minimal couplings (slang: 2m)
c6-¢10= higher orders
Here assume ci momentum independent corresponding to the lowest order expansion

in q12 (V1), 922 (V2)
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Analysis

Selection as in the standard analvsis (Z1 is the closest to the Z invariant mass, Z> the other)
Main backgrounds qq — ZZ and g¢ — ZZ

MC samples:

spin 0 = POWHEG (NLO) spin0 decayed through JHUGEN (for spin correlations)
spin 1, spin 2 = JHUGEN (LO)

(+Pythia +G4)

Observables: 5 angles + mZ1 + mZ2 + m4l

Used both for signal/background separation and for spin/parity extraction
Allow the relative yields to be used in the discriminant to distinguish various tensor structures
but not the overall yield (more independence from the production mechanism).

Two approaches:
1) build kinematics discriminants and then do a ML fit
2) build the pdf of the ML directly on all 8 variables

ETH \Mauro Donega: Higgs properties
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The 8-variables

ETH Mauro Doneg

Events /2.5 GeV

Events /0.10

CMS (preliminary) 19.7 2" (B TeV) + 5.1 15" (7 TeV) CMS (proliminary)
L LI M N |:| > T
* Observed | 8 [ - Observed
15 - Py SM
| — SM | 3 f =1
L s £
DZZ/ZY' T ; 10f ---- ',U=0‘5
[ ' - a2z
1ol Bz ] g L I 2
I 1 w

110

CMS (praliminary)

120

19.7 fo" (B TeV) + 5.1 57 (7 TaV)

130 140 910 60

CMS (proliminary)

1 1 T o T
10[- + oObservec 121 5<m,<130.5 GeV | ~ } + Observed
SM 1 © | sm
=t @ qof - fa=t
o f‘“=0.5 A g | === f“=0.5
[ zzizy* 1 a | ) zzzy
[ z+x i Bl z-x
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1T T To g ~d i " . o1
- = 0 s
0 0.5 1 -1 -05
cos 0,
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- -
O | ¢ Ovseves  121.5am,<130.5 GoV
< [ —sM™ |
(2] faa=1
- 10~ a3= -
S | 1,205 ]
7 [ zzzy
L L |
| 0 z4x |
S a8 B 2 =2 Fian o oo B R 1
-2 0 2

18.7 107 (8 TeV) + 5.1 Ib" (7 TeV) CMS (prefminary) 18717 (8 TeV) + 5.1 b7 (7 TeV)
L T > T T 1 LML
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] (O] | M
3 10} f&=1 _
- ~ | ----f,=05
e [ oz
1 ) B z+x
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F
0 - :
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—_— o —_—
121.5<m,<130.5 GeV v~ 10~ « Observed 121.5<m,<130.5 GeV
| e sM
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i ) =1
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} | | |
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Discriminants

Use the LO matrix elements in MELA package.
For each event compute the probabilities

Pom = PG (Q, my, ma|myg) x PRES(myg|my)

P = PE™(Q, my, ma|mag) x PES(myg|my)
Pistert = (ng\? ‘ ]I’(ﬁ’ my, map|mye) — 8/1"Pﬁ)in(ﬁ,m1,mz|m4g) — Pé‘irji‘(f),ml,m2|m4g))
PitertL = (ngf L (Q, my, my|myy) —811’7’]1;‘3“(6, my, ma|myg) — PER(Q), ml,m2|m4£))
Pojzz = P;;%z(ﬁrmlfmﬂmu) X Paazz (Mag) ,

And build different discriminants:

Separate:
‘ PR (10 m,, Qlmyy) X PRESS(1m -
Dbkg _ Pom = |1+ c(myy) x bkg( 1 i Lm bkg ©m Sig/Bkg
Pou ¢ X Pyyg Pkln(m1;m210|m4f) X Pgg - (mag|m)
'Péur‘h\ Pkln(mllm216|m4£) -
D]l’ - kin 1+ P X Skin A SM/J”
'ps +cpp X ’P ’P (ml,m2,0|m4£)
D (Pt — 2 PE" — PSI) SM+J7/
Interf = '
nte PER + cjp x PR their interference

(Production mechanism dependence removed integrating over the production angles)

The fits are then performed in 1D (one discriminant) 2D (2 discriminants simultaneously) or
3D (3 discriminants simultaneously).
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Discriminants

7

Zgamma
gamma* gamma

ZZ

:<
|

Observables used to test the spin-zero anomalous couplings

Dyyg Discriminate SM Higgs boson against ZZ background, include my,
Dy Discriminate SM Higgs boson from Pseudoscalar (07)
Don+ Discriminate SM Higgs boson from BSM scalar with higher dim operators (0;:)
Daq Discriminate SM Higgs boson from BSM scalar with higher dim operators (A1)
Dep Discriminate pure states (SM, 0~) from their interference (a1, a3)
Din Discriminate pure states (SM, Oh+) from their interference (a1, a;)
D,,ZZ'T Discriminate between states SMzz and SMz.,, a; vs a227
Dazf Discriminate between states SMzz and 0, , a1 vs af"
DY Discriminate between states SMzz and SM.,.,, a4, vs a)
DY Discriminate between states SMzz and 0, a; vs al’
Dﬁ Discriminate pure states SMzz, SMz,, from their interference (41, a% )
D(Z:;’ Discriminate pure states SMzz, Og,r from their interference (a;, a?’)
DI Discriminate pure states SMzz, 0., from their interference (a1, a)")
DL Discriminate pure states SMzz, 0., from their interference (a1, 2] ")
Additional observables used for the study of the exotic models
Dgﬁg Discriminate against ZZ background, include my;, exclude cos 6*, ®,
Diec Exotic vector (1), g9 — X, decay only
Diec Exotic pseudovector (1), g7 — X, decay only
Dl KK Graviton-like with SM in the bulk (2,"), 4§ — X, decay only
b
Dg‘;: BSM tensor with higher dim operators (2;), 47 — X, decay only
Dg": BSM pseudotensor with higher dim operators (2,), 99 — X, decay only
Dg‘f;'z BSM tensor with higher dim operators (2;2), g8 — X, q7 — X, decay only
Dg';" BSM tensor with higher dim operators (2;;), g8 — X, 93 — X, decay only
h3 2

Dg‘f; BSM tensor with higher dim operators (2;6), g8 — X, q7 — X, decay only
Dg‘f; BSM tensor with higher dim operators (2;/ ), gg — X, 4§ — X, decay only
Dge:g BSM pseudotensor with higher dim operators (2, ), §¢ — X, 9§ — X, decay only

ge:m BSM pseudotensor with higher dim operators (2, ), 8¢ — X, 99 — X, decay only
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Results

Spin 0 allow for one anomalous coupling

(all other amplitudes fixed to the SM values)

Use the discriminants: (Dbkg/ Da1, Dons)

CMS (prelirinary) 18716 (8 TeV) + 5.1 15" (7 TeV) CMS (prelirinary) 18.7 1" (8 TeV) + 5.1 15 (7 TeV)
- T T T T T o V7T TT T T
c L c I rotilag 4
2 [ — 9,,=00r = Observed . 2 [ T % : . ] .
o 25 T oo 1O ol preis >d|fferent parameters profiled
[ == 9, =007 Expocied - 0,4 204, profilac A
20} of ]
15} o .
10} 4:—__________‘+;___'i__—
\ ,jfj“
5 2 I —
."_".,__*______‘,’f_____.___'_",‘i':_._-'_ﬂ
e O "0z 04 06 08 1
Amplitude NOT w
: : mplitude
Amplitude constrained P
to be Real s0: &= 0 OF T constrained to be real
L (i.e. any value of ®):
(positive/negative) profile all the rest

For the other parameters and depending on what is profiled we use different sets of discriminants
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Results
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Results

Spin 0 allow for two anomalous couplings

(all other amplitudes fixed to the SM values)

1CMS(I:WBlim"WV)
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Assume that both discriminants are real
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Profile both phases

66



Results
Spin 0

two anomalous
couplings
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Spin 1 use the 3D fit (Dypye, D1-, D1+)
es u ts Spin 2 use the 2D fit (Dypkg, Djr)

Spln 1 Test different fractions (fo2) of mixture 1*/1- vs SM

CMS (preliminary) 19.7 fb " (BTeV) + 5.1 fo' {(7TeV) CMS (preliminary) 19.7 fb " (BTeV) + 5.1 fo' (7TeV)
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Results

Spin 2

19.7 6" (8 TeV) + 5.1 fo" (7 TeV)
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Now look at HWW: spin 0

Repeat the same analysis using the HWW decays: 2D fit (Mr,
Less sensitivity because of the less constraint kinematics.
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HZZ + HWW spin 0

HZZ and HWW are combined under two hp:
custodial symmetry (a1Z4 = aWW)
anomalous couplings parametrized through the ratio: rai= aVW/a/WW / aiZ4/a1%4
(in practice implemented as Rai = railrai| / (1+ra?) which is bounded in (-1,1) )

CMS (preliminary) 19.7 fo' (8 TeV) + 5.1 fo' (7 TeV) CMS (preliminary) 19.7 tb" (8 TeV) + 5.1 b (7 TeV) CMS (preliminary) 19.7 b (8 TeV) + 5.1 fb (7 TeV)
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When adding the custodial symmetry (VW = a44) you get more sensitivity
(always true anytime you reduce the number of degrees of freedom)
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HZZ + HWW spin 1, spin 2

CMS (preliminary) 19.7 o' (8 TeV) + 5.1 fb'" (7 TeV)
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Hovy

Use the Cut-in-Categories photon selection (less model dependent)

no exclusive tagged events used

Compute the signal strength in 5 bins in cos(theta*) use categories in 2 R9 x 2 eta bins
Test hypothesis
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Prospects
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Prospects

Just to give an idea of what to expect from 300/fb

CMS Projection
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Summary

The first big chunk of work is completed.
We learnt a lot and we got a lot of fun

We discovered a new boson and its properties are very close to
what we expect from the SM Higgs boson...
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Summary

The first big chunk of work is completed.
We learnt a lot and we got a lot of fun

We discovered a new boson and its properties are very close to
what we expect from the SM Higgs boson...

...but sometimes things are not what they look like
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