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| — A brief history of our collaboration

Il — July 4 2012, 9h30.....a new boson is discovered
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IV — Photon Validation and Energy Scale Extraction

V — yy + X Differential Cross-section Measurements

VI — H-> yy: Impact of higher-order calculations on kinematical
observables in 2y processes
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Note/Apology: CMS rules require that only formally approved results
can be shown.
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SYe The CMS groups of IHEP and of IPN Lyon: A brief

/f?-" ---**'” history of our collaboration
IHEP Beijing = IPN Lyon:

¥ TAO Junquan (Doctoral Student)—
January-May 2007 (IN2P3)

@ ZHANG Zhen (Doctoral Student)—
November 2007-May 2008 (FCPPL)

@ TAO Junquan (Postdoc)—March-August
2009 (PICS 4162)

@ XIAO Hong (Doctoral Student)—January-
July 2010 (PICS 4162)

@ FAN Jiawei (Doctoral Student)—April-
October 2011 (PICS 4162)

@ XIAO Hong (Doctoral Student)-—June-
July 2011 (FCPPL proposal)
“INN T participation to the

g FAtN Jli)awgi)i(zo)o(?glr?alil' Ls)t“dg"tt):‘\uz%ggt‘ Org anisih d committees of the founding
eptember M oa el \Workshop at IHEP (2006) and of the
April 2014 (CSC Scholarship) + November- 15t ond 3dp and 4t F(CPPE workshops

December 2014 (FCPPL) (IPNL co-chaired the 3d workshop)

@ SHEN Yugqiao (Doctoral Student)—May- .

September 2013 (FCPPL proposal) * Congratulations to Dr. FAN Jiawei, first
|\IHEP-IPNL Co-Ph.D student, winner of a

CSC scholarship, thesis defense yesterdayI

@ ZrIANG Sijing (Docioral Stuclent)—
CPPL15 Hefei April 8, 2015

IPN Lyon = IHEP Beijing:

@ Nicolas CHANON (Doctoral Student)—
March-May 2009 (FCPPL)

¥ Hugues BRUN (Doctoral Student)—
October-December 2010 (FCPPL)

@ Olivier BONDU (Doctoral Student)— April-
May 2011 (FCPPL)

@ Louis SGANDURRA (Doctoral Student)-
October-December 2012)

agnilo L/ARRILLO (Postdoc)-September

Asking 5 monins in 2015 (FCPPL) + CSC
scnolarsnio canclicdaiz for Co-p. Y
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v ."Clear evidence for the production of a
neutral boson ...Is presented.”

\ Thanks largely to FCPPL support, the CMS
groups of IHEP and IPNL, working together
since 2007, were able to contribute
significantly to the discovery of a Higgs boson
through analysis of the gamma—gamma
channel. But this reward came only after
years of painstaking work in many areas of
study of photons....
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SNPY Electromagnetic cluster and Photon Commissioning,

_—

B. COURBON

- Run 1 startup (Public results:(EGM-10-001 and EGM-10-005)):

Runs 1 and 2

(2008-..): (O. BONDU, H. BRUN, A. FALKIEWICZ, M.
LETHUILLIER, S. GASCON, J. FAN, J. TAO, H. XIAO, Z. ZHANG,

- Check understanding of key observables for photon

reconstruction : Cluster constituent multiplicites, Cluster
shapes (used to assign energy determination method, to

derive energy corrections and photon identification),

Isolation energies

- Check goodness of GEANT4 simulation of EM shower

- Run 2 startup: Reoptimize and validate regression energy

corrections for photons

- Upgrades Technical Proposal: Check photon performance
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Photon Validation and Energy Scale Extraction

« Certified » photons from Z->puy FSR (2007-..): (C. BATY,
O. BONDU, H. BRUN, M. LETHUILLIER, S. GASCON, L.
SGANDURRA, J. FAN, Y. SHEN, J. TAO, H. XIAO, Z.
ZHANG, S. ZHANG)

- Isotropic source of relatively high-pT y enabling

extraction of
q

- Photon energy scale : One of two CMS-approved
methods

CMS Preliminary 2011, s = 7 TeV
FTTT T TT T T T

RSARRAN R RN RN RARNRRRS AN RN RS
4005‘nmmIL=¢9m* [E )= 1.73+ 0.17 (%)
- ECAL Barrel

350~ E! 5 25 GeV, All 19

- Photon energy correction validation
- Photon trigger efficiency

Events / (0.02)

300

Selection: Mini umrPhoton Pt, Veto non-radiative Z, far 2501~
muon Pt and Isolation. ook

- Result used to estimate systematic error on photon 5 5

energy scale for first Measurement of the Wy and Zy 1502 My — My,
inclusive cross-sections with 2010 dataset (Phys. Lett. 100F- §= "3 5 — 1
B701, 535-555 (2011)) : Mz, — My

- Used to validate understanding of H>yy photon ID MVA  :
input variables and compute electron veto efficiency for
discovery analysis (Eur. Phys. J. C 74 (20142 3076) and
7 TeV diphoton cross section measurement (Eur. Phys. J.
C 74 (2014) 3129)

- Need to update and reoptimize for Run 2

1

U!_D'_IIII|IIII|IIII|III IIII|IIII|IIII|III

L NS DR-2011/008: <

<A P P e
Y CMS:DP=2012/024
T A LT S T T ]

8, 2015




vy + X differential cross-
section measurements
(2010-...): (H. BRUN, N.
CHANON, G. CHEN, M.
LETHUILLIER, S. GASCON, J.
TAO, H. XIAO, J. FAN, Y.
SHEN)

% For measurement of SM
backgrounds to H>yy : yy + X
and y + X; Can probe gluon
PDF at unprecedented Et and
reduce gluon NLO PDF error
by ~20%

% Use data-driven EM (2010)

or PF (2011) isolation
templates

% Comparison to pQCD
predictions, determination of
efficiencies

% 2012 8 TeV results
forthcoming

. (pbirad)

dAc/did

Data’'SHERPA

Data’RESBOS

CMS

10

s

AAREERERRE T T T
[ —4— Dpata
| %55 SHERPA i
“Z RESBOS *@
C E "_-{5‘:"'
- s
; (=
-9::
- 2,
3 €
3

Data/DIPHOX

Data/2yNNLO

Ei DS C7A (019141

A¢_ (radian)

CMS js=7TeV L=5.0f"

AR R AR RN LR RRRRE

[ —4— Data 3

| 5 DIPHOX+GAMMA2ZMC
2yNNLO

4 .

Ey

o —+—++
IS R
I:I : L L L 1 L 1 1 L L

R (%] F=N
LR

=

A¢_ (radian)

S. GASCON-SHOTKIN FCPPL15 Hefei April 8, 2015



av s H->yy analysis: Impact of higher-order calculations
on kinematical observables in 2y processes

(2007-...): (O. BONDU, N. CHANON, Gisasic S0y TS -
M. LETHUILLIER, S. GASCON, J. TAO) oS o

- Incorporate kinematic implications of BN =

HO calculations on analysis observables ] jetjet

(pt_2y, Ad_2y, m_2y, cos 6*...). [ Drell-Yan
Collaboration with LAPTH/IPNL/INFN L1 R-ry(125GeV) x5
and American theoreticians.

Events/2 GeV

- Implemented doubly-differential
reweighting scheme with dynamical k-
factors for H->yy signal and diphoton
background, significant contribution to
LHC Higgs XS WG ‘Yellow Report 2:
Handbook of Cross sections:
Differential Distributions (CERN-2012-
002, arXiv:1201.3084)

furnished integrated k-factors for the
analysis

- Evaluated effect of destructive signal-
background interference o from digluon-
induced processes

— gg + ry 1-loop phase ------
F  gg - ¥y 2—loop phase

r all phases turned on
.

120




nent at LH( <N

CMS Expen o . . . . S .
H=2>yy-analysis: y/nf’;dlscr,mmatlon and phoeten identification
5% [_ vant' 14l _"?-‘-:' ]frnt".‘-::;uivﬂ:'
Lumi section: 171

v/n° discrmination (2008-...): (H. BRUN, N. CHANON, G.
CHEN, M. LETHUILLIER, S. GASCON, J. FAN, J. TAO, Z.
ZHANG, Y. SHEN) for both converted and non-converted
photons

Exploit particular cluster and shower shape observables
proper to our crystal calorimeter in a photon id boosted
decision tree.

Direct input to the overall MVA analysis for the H->yy search
but possibly also useful in other analyses using photons.

L _ _ -1
19.7 fb ' (8 TeV) CMS preliminary, \s =8 TeV, L=19.6 fb
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onta oo o vy Run-1; Legacy, Results
Run/Event: 140382 / 159943472
Lumi section: 171
(2007-...): (O. BONDU, H. BRUN, N. CHANON, G. CHEN, M.
LETHUILLIER, S. GASCON, L. SGANDURRA, J. FAN, J.
TAO, Z. ZHANG) T e |

19,7 & (8 TaV) + 51 87 (7 TaW)

SN Rl
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]
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CMS
:.f,' Event: 140382 / 15994347
—_— a
(2013-...). (G. CHEN, M CHEN M LETHUILLIER, S. GASCON,

C. CARRILLO, D. SABES, L. SGANDURRA, J. FAN (thesis Run
1), J. TAO, Y. SHEN, B. COURBON (thesis Run 2), S. ZHANG)

@ A lighter 2" Higgs boson (h1) with m=[60-110] GeV still a
possibility in some BSM models:(N)MSSM, 2HDM....

& Compatible with the already-discovered boson as 2" lightest
(h2)

& Scan within NMSSM shows o/cg, for hl possible up to 4c,
for 60 GeV<m<120 GeV

@ Run 1 analysis preapproved (CMS-HIG-037), Run 2
analysis in preparation
130 .
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See L R R
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b F AN Fig. 1. The NMSSM Higgs boson mass spectrum
y in the My, vs. My, plane. Points for case [ are

Jiawei represented by blue squares and case Il by red
triangles.
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H . Seakeh! fora. ?” . besen with, m<110 GeV, Runs: 1 and) 2

3g
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o Experin

e raciecied: Sun Boosted WHrTesenance seanch

MUl [—H
umi section: 17

HEP Group, Pekig University

® W'->WH resonances motivated in many BSM models (Extra
Dimensions, Composite or Little Higgs...)

@ Highly-boosted W’ decay products produce ‘fat’ jets requiring
use of jet substructure and/or subjet b-tagging techniques

@ Run 1 analysis just approved (CMS-PAS-EX0-14-010)

ARib,B)

CMS Preliminary e+ combined 19.7 fo™ (8 TeV)
15“ = | ] I | I | ] I | I | I L=
(o} : : : : ]
~ —&@—— Full CL_ Observed
f | E—— Full CL, Expected + 1o
; H  mmmsemeemee=. Full CLg Expected + 2c
. . T —— HVT B(gv=3):xsecW *BR(W' — WH)
one high pr jet ; L = LH model:xsec,, * BR(W' — WH)
from the hadronizationy = = : f ]
of two collimated  : % - -
= * L -
b-quarks | %
e 107

.......

-------

(]
....---..... i
-----

_— 102 -
qq annihilation - 5 5 ]
One high pr isolated lepton B Little Hig'gs: lower limit on the W’ mass of 1.4 TeV < ]
- HVTg: lower limit on the W’ mass of 1.5 TeV ]
1 0-3 ] | l ] | ] | I 1 1 1 | | |
1500 2000
See dedicated talk (GeV)
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% CMS and ATLAS have dis
f.;expenmeptal uncertainties
CMS groups: Wnrkm
contributions to i

1, In both*RE d 2, fora.
‘photons, allowed in the context of

¢ The JHEP and IPNLCgrotips are leadingthe CMSISes
" new 'peak’, aeond Iigﬂger Higgs;pb\s«ﬁn_dec'a’tying int !
. several BSM models & L

N

& They are also key p,&ayers In CMS&:Ilrect photon me&él‘\rements i 'z\
S ; ¥ h e !

# ‘For the LHC Run 2 startup in 2015 as well as for the ubgrade Technical Proposal, the
IHEP and IPNL CMS groups are also making kéy contl‘ﬁautlons to photon
comm|SS|on|ng and estimation of pe;\tormance as theyudld for the Run 1 startup.

L :
3“" We ask for support for a stay of 5 months at IPNL for ZHANG Sijing to relhforce these
~ immediate efforts, ‘plus the monthly requwed complement to her CSC COs PhD stipend if

obtained S. GASCON-SHOTKIN FCPPL15 Hefei April 8, 2015 '{‘. i < O 13




; 8 l"‘ ‘\‘_"‘ ] ;
P Ot = 34
FURONT |

:"\\,‘ = 4% . i : ::"- ‘
ks: 4}t

any than
To the IN2P3/CNRS, the IHEP-CAS, and the CSC

To the FCPPL directorate and steering committee

To the local organising committee of this workshop here
at USTC for the wonderful hospitality and working
environment
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 04:24:49 2010 PDT
Run/Event: 140382 / 159943472

“ Lumi section: 171
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The Electromagnetic Calorimeter (ECAL) of the
CMS Expenment

T ——
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Endcap (EE):

» 14648 crystals
2" (3x3x22cm3)——
7=

each 1700
* In| <1.48 7
« AnxA¢=0.0175 ¢
 APD readout o

« Anx A¢= 0.017520.052
 VPT readout

| Major issues for realization of this performance in situ:

- Intercalibration
- Showering in tracker material



Energy scale on the
ECAL/physics object
Level (ESx5/SC or luster  5x5 or SC
Reco Photon) will be
adjusted with
Algorithmic
Corrections F):

F Corrections:
f(n)[barrel only],

S. GASCON-SHOTKIN FCPP

Definition and Components of Calibration,
Clusterisation and Energy Scale

Cal rechlt

Energy scale definition:
k:Etrue/EreCOJ can be
divided into ‘constant’
(peak position)

and ‘variable’
(‘resolution’) parts.
Variable part: k=k(Et, n, 0)

F Correctl

::a":rj mdrh



Photon Commissioning in Run 1

-

CME Preliminary 310
WE=TTev
L=T74nb"
] = 14442
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Photon Energy Scale Measurement
Input to Wy, Zy cross-section Measurements

Phys. Lett. B701, 535-555 (2011))

o NObserved — NBackground

=

evy | vy
Source Systematic uncertainty Effecton F = A -epc
Electron energy scale 2% (EB), 3% (EE) 2.3% n/a
Electron energy resolution 5% 0.3% n/a
Muon pr scale 1% n/a 1.0%
on rtion 1% n/a 0.2%
Photon energy scale 2% (EB), 9% (EE) 45% 42 %
Photon energy resolution 5% 0.4% 0.7% — 1 —
; 27% 23% MS preliminary 36 pb" at \Ns=7 TeV
2.0% 2.0% T e tainty: 4% T
1% 559, umi. uncertainty: £
oxB(W) 0.988 + 0.009 gxp * 0.050 theo
oxB(W* 0.982+ 0.017 gxp = 0.049
eey | mpy ( v ) exp theo
Source Systematic uncertai Effect on F oxB(W') 0.993 £ 0.019 exp + 0.054 theo
Electron energy scale 2%(EB), 3% EE) [ 3% | n/a oxB(Z) 1.003 £ 0.010 gp £ 0.047 theo
Electron energy resolution 5% 0.5% oxB(Z o 1) —_— 1.0291 0.097 exp + 0.043 theo
Muon pr scale 1% n/a ‘ oxB(Wy) ' H 1.121£ 0177 exp + 0.077 theo
M Dl ] - 10/0 ../la . UXB( ZY ) P— — 0%9 ce 0.121 exp + 0042 theo
oton energy scale 2% (EB), 9% (EE) 3.7% | 3.0% OXB( VWV ) § - 0.956 + 0.381 exp * 0.007 theo
oton energy nesow 5% 1.7% | 1.4% Rwiz oo 0.981+0.018 gxp £ 0.015 theo
23% | 1.8% Rw 0.994 + 0.013 gp + 0.035 theo
2/° -0% Wiet = ev o ,_.J' 0.894 £ 0.097 exp  0.017 theo
e Wjet - ,J.V o —_—— 0.833 + 0.0% exp + 0.01 7 theo
Zje1 —een B < 0.992+0.199 exp + 0.020 theo
Zjet — HH O 1 1.208 £ 0.280 exp +0.021 theo
Zy.jetZjet(— €€) ° — 1.059 £ 0.281¢xp £ 0.167 theo
Zp.jet/Zjet(— M1) ey +— 1.000 + 0.272 gxp + 0.185 theo
sinow | - | 0.989 £ 0.037 gxp 0.?01 o
0.5 1 1.5 2
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Generators/calculators of SM yy+X processes

DIPHOX RESBOS gamma2MC, NLO 2gammaNNLO
Binoth, Guillet, Pilon, Werlen, Balazs, Berger, Mrenna, Bern, Dixon, Schmidt, Catani et al,
hep-ph/9911340, 2000 Yuan, hep-ph/9712471, 1997 hep-ph/0211216, 2002 hep-ph/11102375, 2011

BORN + FRAG (and NLO corrections)

BOX (and NLO corrections)

Resbos only

‘u.r;rﬂfy—l.rrfmm.r}
fr agmentation

BORN (up to NNLO corrections)
1-frag : 2-frag :

- LO, effectively in Resbos DIPHOX only (NLO)

- NLO in Diphox
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