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Overview : L
.

(VHbb) Associated vector Boson production and Z/W .
H to bb decay, using Effective Field Theory (EFT) a/4’

vV U

Use Full Run-2 CMS data.

Channel studied:
* Z - pufee

Use contact interactions to replace NP
interactions.

Analysis of production and decay of the Higgs boson with CMS data Peng Wang



e Compare EFT effects in Reconstructed(RECO)-
level with Generator(GEN)-level.

e Obtain cross-sections in terms of EFT

AI m observables.

* Look for difference between the two caused
by acceptance effect.
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EFT(Effective Field Theory)

SMEFT(Standard Model Effective Field Theory): expansion from the standard model

Higgs

A: set to equal 1 TeV

e 6, 3 b @
_ a3 i
Lsmerr = Lsm + E A2Oi +) A40f +...
i j

Dimension 5 and 7 violates conservation of lepton or baryon numbers
Leading order — dimension 6

Full set of operators generated in Warsaw Basis

Looking for deviations of Wilson Coefficients ¢; from zero




ATLAS graph — sensitivity of different Wilson coefficients, in

production channels
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STXS Framework

STXS 1.2 bin:

0-75 GeV
75-150 GeV
150-250 GeV 0j
150-250 GeV >0j

* Events are Classified according to their STXS bin
* More fine-grained measurements

* reduce the folded theoretical uncertainties

* Parameterize signal bins with Wilson coefficients.

Analysis of production and decay of the Higgs boson with CMS data

arXiv:1906.02754
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Figure 3. Stage 1.1 bins for V H production, V (— leptons)H.
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http://arxiv.org/abs/arXiv:1906.02754

STXS Parametrisation - Production

STXS Prodution cross-section simulated in three parts:

OSTXS = OSM t+ Oint + OBSM

Oint © interference term, involve a single SMEFT operator, A™2 suppression

Opsy - pure SMEFT term, product of two SMEFT operators, A% suppression
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Assume A~* terms are negligible, signal event count can be expressed as linear function

of the Wilson coefficients(c;)
ATLAS-CONF-2020-053




STXS Parametrisation - Decay

* Working with SM Higgs.
 SM Higgs Boson is a scalar particle with a narrow width.

* Expect production cross section and decay width factorise:

int BSM

H H H
F + r1nt g3 I_‘BSM

Hox Hox 1—~H—)X rH—)X I“H—>X
(0XB)" =o' xB (O'SM +ol .+ O'BSM) X

1+ Z ArHﬁX cj =24

—_ L, H—->X i
= (oXB)E i X (1 4 Z AT c,) — Z AF

» Different Wilson Coefficients derived separately for the H->bb decay process
ATLAS-CONF-2020-053

e Bins are merged because decay width doesn’t depend on kinematics



Reweighting

* Reweight the existing Monte-Carlo samples, not generating new samples
» Separate for decay and production
e Working in the LO.

e Multiply the original Monte-Carlo weight with the ratio of the matrix-elements estimated on that event

M 2
Wnew - | newl Wom’g-

12
| Morig| arXiv:1607.00763

* Feynman diagrams with different Wilson coefficients embedded in the Matrix element are generated using

EFT20bs


https://arxiv.org/abs/1607.00763
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Trying to see the effect if we set Wilson
coefficients to be none-zero.

Deviations from standard model is seen — so
some of them must have non-zero
parameters.

Gen-level
3 SMEFT Gen-level
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Parameter Table — Production

| STXS Bins ||

Parametrisation: RECO-level |

400-401

1—0.75 cy) +2.21 cly) +0.64 cpry — 0.13 cra +0.82 caw +0.37 cpws

401-402

140.07 cif) +1.16 c(3) +0.23 ¢y — 0.11 g+ 0.67 caw + 0.32 caws

402403

1+ 0.09 c‘” +1.82 c(3) 0187 8, — 01T Crg+-0.75 Cpri-0.34 ez

403-404

1+0.01 c(l) +3.68 c(3) +0.78 czry — 0.32 g+ 0.87 cyw + 0.38 cawp

404-405

1-0.09 cgg +3.38 c<3’ +0.73 gy — 0.29 crg +0.85 caw +0.37 cwp

405-406

1—0.92 ciy) +9.63 c<3) +2.23 cgry — 0.76 cra +0.94 caw +0.40 cpw

| STXS Bins ||

Parametrisation: GEN-level |

400-401

1—0.49 cip) +1.47 ¢y +0.42 cpry, — 0.08 cpra +0.72 cw +0.33 caws

401-402

1+0.03 cpy) +1.09 c(3) 4-0:22 ¢z7,,—0.10 érg-+0i64 = 0.30 euwa

402403

1-0.01 c§}21+1 74 0(3)—}—037 Cou — 0.15 cira +0.75 cw +0.34 caws

403-404

1-0.12 cjy) + 3.64 0(3) +0.79 cgy — 0.31 cgg+0.89 cyw + 0.38 cywa

404-405

1-0.19 c(l) +2.91 0(3) +0.66 cru+—0.24 cyg+0.83 cyw +0.36 cawn

405-406

1— 074 c‘” 1 8.28 c(3) +1.91 cgry — 0.66 cgg +0.94 cyw + 0.39 cawn

Analysis of production and decay of the Higgs boson with CMS data Peng Wang

STXS 1.2 bin:

400 :
: 0-75 GeV

: 75-150 GeV
403 :
404 .
405:

401
402

FWD

150-250 GeV 0j
150-250 GeV >0j
>250 GeV
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Parameter Comparison — Production

Prameter Comparison - chq3

10 T T
— RECO * Quite Consistent
— GEN
o +
* Deviation observed— acceptance effect
6 L
4 L
— STXS 1.2 bin:
2r 400 : FWD
401 : 0-75 GeV
1 1 1 1 1 402 : 75-150 GeV
200 401 402 403 . 404 405 406 403 : 150-250 GeV 0j
STXS 1.2 bins 404 : 150-250 GeV >0j
405: >250 GeV
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Parameter Table
- Production

 Compared with ATLAS results of
parametrization at RECO-level

 Slight difference due to different
acceptances and ATLAS study included
more Wilson coeffients

* We are only comparing the most
important ones(c,, ciy. ciu cua )

e Overall quite consistent
Comparison graph in appendix

Analysis of production and decay of the Higgs boson with CMS data

Our Measurement

| STXS Bins | Parametrisation: RECO-level |

400-401 1—0.75 cly) +2.21 ¢y +0.64 cpr, —0.13 g +0.82 caw +0.37 cpws
401-402 140.07 )+ 1.16 ¢y) +0.23 cgy —0.11 crg+ 0.67 caw +0.32 cpws
402-403 140.09 by +1.82 ¢&9) +0.37 cgr, —0.17 cg + 0.75 caw +0.34 cuws
403-404 1+0.01 cfy) +3.68 ciay +0.78 car, — 0.32 cyra + 0.87 cuw +0.38 caws
404-405 1 —0.09 ciy) +3.38 ciy) +0.73 cpr — 0.29 cgra +0.85 carw + 0.37 caws
405-406 1—0.92 ) +9.63 cj) +2.23 ¢y — 0.76 cpra +0.94 cw +0.40 cawp

Category in gqg — H{C Parametrisation

p}r/ <75 0.12cgo+0.0129cypp +0.665cyw +0.0835cyp +0.303cgwa —

ATLAS Measurement 0.0362c(111)l - 0.2416‘(}31)1 —0.0359cy. + 0.029C(Ifl)q + 1.276‘}31)‘1 +

0.245cy, — 0.1064cy 4 + 0.183¢),
pY <150 0.12¢510+0.0128¢ppp +0.77 e +0.092¢ 5 +0.34 1w —

pY <250, Nieis=0

p¥ <250, Nietle

pY>250

0.0360c(, — 0.238¢%y, — 0.0362cH, + 0.01cjy, + 1.80cs, +
0.403¢p,, — 0.166ck4 + 0.182¢],

0.12cgo + 0.013cypp + 0.86cgw + 0.103¢cyp + 0.366CHWB =
0.035¢fy, — 0.232¢yy, — 0.0358cp, — 0.12cy) + 3.63ch +
0.87¢ru — 0.323cpa + 0.177¢],

O.IZCHD + 0-013CHDD + 0.85CHW + O.IOZCHB + 0-373CHWB ==
0.036c5y, — 0.230cy, — 0.0367ck, — 0.10cy + 3.19¢h . +
0.77¢a, — 0.282¢ch4 + 0.177¢),

0.12cgo + 0.010cypp + 0.88cgw + 0.135¢yp + 0.41cgwp —
0.037c{),~0.234cy, ~0.036ck, — 1.12¢5; +9.9¢f; +2.51cs,—
0.81cpq +0.181¢],
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Parameter Table - Decay

Our Measurement

STXS Bins

Parametrisation: RECO-level

400-406

1+ 0.12 ey + —0.03 cypp + —0.12 gy + —0.12 cto) + 0.06 ¢,

Channel ATLAS Measurement [ine/T'sm

H-yy —40.15cgp — 13.08caw + 22.4caws — 0.9463cw + 0.12cy0 -
0.2417capp +0.03447¢, 5 —1.151c,w —2.150¢, 5 —0.3637 ¢} +
0.1819¢;,

H—ZZ*—4¢ 0.12¢cp0 +0.005¢app — 0.296¢cHW — 0.197cHp +0.296cHws +
0.126¢};, - 0.234c}), — 0.101cp, + 0.181c;,

H — bb (VH) 0.12cgn — 0.030capp — 0.121c45 — 0.121cf,, + 0.061c¢;,

Total ~0.001cw +0.12cy0 — 0.030cupp + 1.362cHG — 0.048¢kw —

0.049cyp + 0.0466HWB = 0.00SCeH —-0.012¢c, — 0.0SSCdH +
0.051cyg — 0.002¢c,w — 0.003¢c, B — 0.150c(13}l + 0.013c(21’q +
0.079¢/,

Analysis of production and decay of the Higgs boson with CMS data Peng Wang

e Different Wilson
Coefficients due to
different interaction.

e Very Consistent with
ATLAS measurement —
bins are merged, so less
deviation.

Reminder: bins are merged because
decay width has no dependence on
P t

14



SUMMARY

Ran selection on GEN-level data — obtain RECO data

Parametrised Wilson Coefficients in both cases

Compared to see difference caused by acceptance effect.

Reweighted the Monte Carlo samples in both GEN and RECO level

58 fo! (13TeV - 2018)

[
—_
o

Small deviation observed, but generally consistent

2AInA

Do alinear likelihood fit on the Wilson Coefficients

- CMS

E Preliminary

= Linear + quadratic (exp.)

@ _ +0.043
Chig = ~0-000 _ 5 1gq

o - N w » (¢, (22} ~ 2] ©
T T

Analysis of production and decay of the Higgs boson with CMS data Peng Wang
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Thank you!

Analysis of production and decay of the Higgs boson with CMS data

Peng Wang
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APPENDIX

e Parameter table - RECO

Bin @ numEntries: 694 mean: 0.0804 stderr: 0.00096
edges: [400.0, 401.0]
Term | Val | Uncert | Rel. uncert.
chql | -0.7516 | 0.1085 | 0.1444
chg3 | 2.2140 | 0.0744 | 0.0336
chu | 0.6421 | 0.0381 | 0.0593
chd [ -0.1275 | 0.0091 | 0.0710
chw | 0.8211 | 0.0222 | 0.0270
chwb | 0.3660 | 0.0105 | 0.0288
Bin 1 numEntries: 46362 mean: 0.0799 stderr: 0.000125
edges: [401.0, 402.0]
Term | Val | Uncert | Rel. uncert.
chql | 0.0671 | 0.0060 | 0.0901
chg3 | 1.1566 | 0.0028 | 0.0024
chu | 0.2305 | 0.0015 | 0.0067
chd | -0.1071 | 0.0006 | 0.0058
chw | 0.6730 | 0.0017 | 0.0025
chwb | 0.3153 | 0.0012 | 0.0037
Bin 2 numEntries: 286102 mean: 0.0803 stderr: 4.75e-05
edges: [402.0, 403.0]
Term | Val | Uncert | Rel. uncert.
chql | 0.0858 | 0.0042 | 0.0494
chqg3 | 1.8224 | 0.0025 | 0.0014
chu | 0.3676 | 0.0010 | 0.0027
chd | -0.1667 | 0.0005 | 0.0031
chw | 0.7530 | 0.0008 | 0.0010
chwb | 0.3394 | 0.0004 | 0.0012

Ana|y5|5 OT proauction ana aecay or tne HiIggs poson witn LCIvi> aadtad

Bin 5 numEntries: 60062 mean: 0.0801 stderr: 0.000107
edges: [405.0, 406.0]
Term | Val | Uncert | Rel. uncert.
chql | -0.9244 | 0.0541 | 0.0585
chqg3 | 9.6298 | 0.0373 | 0.0039
chu | 2.2291 | 0.0152 | 0.0068
chd | -0.7609 | 0.0053 | 0.0070
chw | 0.9422 | 0.0043 | 0.0045
chwb | 0.3990 | 0.0019 | 0.0046
Bin 4 numEntries: 41337 mean: 0.0841 stderr: 2.51e-05
edges: [404.0, 405.0]
Term | Val | Uncert | Rel. uncert.
chql | -0.0902 | 0.0186 | 0.2065
chg3 | 3.3800 | 0.0084 | 0.0025
chu | 0.7320 | 0.0046 | 0.0063
chd | -0.2855 | 0.0018 | 0.0063
chw | 0.8477 | 0.0025 | 0.0030
Bin 3 numEntries: 92882 mean: 0.0786 stderr: 9.96e-05
edges: [403.0, 404.0]
Term | Val | Uncert | Rel. uncert.
chql | 0.0057 | 0.0166 | 2.9139
chg3 | 3.6793 | 0.0114 | 0.0031
chu | 0.7772 | 0.0055 | 0.0071
chd | -0.3216 | 0.0015 | 0.0048
chw | 0.8713 | 0.0021 | 0.0024
chwb | 0.3777 | 0.0010 | 0.0025
17
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APPENDIX

* Parameter comparison with ATLAS

Prameter Comparison - chq3

10 ‘
— Our param
— ATLAS param
8,
6,
m
-3
<
(8]
4t
2,
o1 402 403 404 405
STXS 1.2 bins

Analysis of production and decay of the Higgs boson with CMS data

406

Peng Wang
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APPENDIX

* Decay Width formula — no dependence on kinematics:
I‘(4a0) — Ncmng O = 2Mw S = M—‘%V §2 =12
871"13% ’ € M7
s C O CpH | o |
— — ——F— | V7. arXiv:1904.06358

Qg— ——
a2
Sw

C % %
(6,0) _ o1 (4,0) HD _ Sw “w
I = 2T lC’H 1 (1 ) + —Cyw /3

e STXS bins are classified according to their P_t.

Peng Wang

Analysis of production and decay of the Higgs boson with CMS data
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