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® Higgs boson in the SM: production and decay

Dominant: Gluon fusion Vector boson fusion (VBF) Associated production (VH ]
v ° (V) Other important

g q 2 > q q
{ channels: H+b,
->--H ->--H .
4 ) H+tt, HH, H+jets
g q “H
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® The X particle: Spin determination

Spin-0 vs. Spin-2: augular distributions,
most common observables used for the

discrimination

Note the model dependences, especially
for the spin-2 case. Various couplings give
different shapes and may mimic the spin-0

case.
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® The X particle: Couplings-Width-Invisible

Most general final states for 2-body decay (blind search):
1, AA, ZZ*, WW*, AZ, tautau; % * % *k %k
2, bb, cc; % * K

3,88 (qq); *
3, vv, or other invisible channels;

SM Higgs, or scalar particle with modified couplings (self couplings, HAZ,
not included here):
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In the narrow width approximation, observed rate always proportional to
(c1*c2)72/Gamma(H), thus how to measure the absolute strength of the
Higgs couplings? E.g., from inclusive rate we can get ca/cv ..., take the ratio
of VBF or VH with inclusive, we can get cg/cv . All are relative strength.
Must make assumptions to get the absolute strength.
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® The X particle: Example of a global fit

1.0p

Experimental input:

dijet'yy, CMS 8 TeV
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® The X particle: Can we get the total width?

Direct measurement from the resonant shape: impossible, width~4 MeV
for SM, while the experiment resolution is a few GeV

Indirect measurements using the interference with SM backgrounds and off-shell
effects, two examples:

1, Using apparent mass shift, | mAA-mZZ| that is sensitive to cg*cA, which could
be related to the total width under certain assumptions

— ] arXiv: 1305.3854
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2, Using rate of ZZ production above the Higgs mass that is proportional to

cg*cv
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® The X particle: qq or gg in the direct production?

Motivation: In the SM, the direct production is dominated by gg initial
state. While in 2HDM, the cc or bb contribution can be largely enhanced,
or even the light quark contributions can be significant for the spin-2
case. Can we distinguish them?

Difficult to separate ggH and qqH, especially the light quarks, through
the decay (all jets or heavy jets). But there are two essential distinctions
we can use in the production, PDFs and initial state radiations (QCD or
QED). Both of them are model-independent, not rely on the detailed
structures of the couplings.
arXiv: 1308.5453
Benchmark models (three models):

A, spin-0, gg dominant (SM case) Inclusive observables:
B, spin-0, bb, cc dominant 1, R(L7/T), R(L14/L7)...
C, spin-2, light quark dominant 2, R(]y|<1/|y|<infinity)
(0) (0) 3, R(HA/H)
Lepin—0 = %HG““GW + gf—1(m‘_.H'IJ‘_.1D‘_. + my HU,Uy) All ratios not reply on

the decay BR.
2 Fa LLF 2 Fa ! LI
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Ratio of the direct production cross
sections

model A CT10 MSTWOS NNPDF2.3 Combined
o LO NLO NNLO LO NLO NNLO LO NLO NNLO | NNLO
Rp,p | 179238 175105 17.010:0 [18.1152 17.7802 172472 | 18.610% 18.115¢% 17.5502 | 17.11)
Rig/r |22.9113 224115 217410 |23.2107 22,6107 21.9107 |23.9105 232157 224107 | 21.8%;3
Riyyr |59.9551 585554 563150 |60.7533 59.3137 57.0834 [62.2835 606137 581130 | 56.6153
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model B CT10 MSTWO0S8 NNPDF2.3 Combined
' LO NLO NNLO | LO NLO NNLO | LO NLO NNLO | NNLO
Rp,p |23.051% 227510 234%)70 (235210 23.2F)] 24.0%)7 [24.67)7 24477 253%17| 24.27372
Rigr |208%55 204732 304%27 [305%17 300F1% 312717 [320f)7 316%;F 33.0%79| 31.4%%3
Rpar 812855 794250 828100 [83.1150 816750 853120 |87.4%57 8581237 90.01%7 [ 8561131
Riia/r7 3532009 3.501007 3.5420:08|3-542004 3-5220:03 3.5520:03 |3-542004 3.5220 04 3.5520:04] 3-53X0:09
Riyars |2.72200s 2.705503 27220703 2.735500 2711070 2.73550512.7320%65 2715505 2.7310703] 2.722553
CT10 MSTWO08 NNPDF2.3 Combined
model C
LO LO LO LO
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Riyayr (9175555 9.1925:15 | 9.10%0:35 | 9.18%533
2013/9/19 Rliiyiq|2327570,|2.30500; | 2.30500, | 2.31550;
1 ++0.01 0.01 0.01 1 0,02
RLlil,"Lﬂ 1'ghit].[]l 1'94i[1.[11 l'g'ﬁit].(]l l"':J{:J—['l.['IZ




u
=t
[ar]
2]
—
o~ L . ) . =
= - ] = = =
u
=t
[4p]
= [t
fei]
-l
[+ &)
nlu =
I
]

N o @  ® = o°
— — -] o o -
uolpely Ajsouiwn
______ u

=t
(4P ]
= o
@
T
o=
C ™~
I
1
SE e e 5°
— — o o o o

uolpe .y Ajsouiun

Yeu

Yeuw

Yeu

2013/9/19



VA nrad | ~F1 [~ \/\
N\M\ |J u CLIV | \ | V’
: | - u | ' ~
0.0020f LHC 7 TeV {  0.0020} LHC8TeV |  0.0020f LHC 14 TeV1
:;II. 5 s
[].[1015‘-;'.. — model A []_[]{}15_::" —— model A {}‘[)[]15-5.'- —— model A
' modelB{ X  modelB{ X Y model B
3 L\ -~~~ modelC{ & & -~ modelC{ ¥ N -~ model C
X 0.0010f: | x 0.0010[" " 1 x 0.0010f: -
0.0005f \ oo 0.0005} el 0.0005}
0.0000 DSt 0.0000 S| 000 B
50 100 150 200 100 150 200 50 100 150 200
PT cut (GeV) Prcut (GeV) PT ot (GEV)
2013/9/19

10



