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Preliminary Remarks

* Asin previous TeV workshops, this talk is a
progress report to the TeV Working Group,
i.e., mainly to summarize the status and
contributions of ATLAS Chinese Cluster
activities since last TeV workshop, rather
than to summarize the ATLAS physics results.



ATLAS Chinese Cluster (ACC)

* Formed by 5 institutions:
— Institute of High Energy Physics (IHEP), Beijing
— Nanjing University (NJU), Nanjing
— Shandong University (SDU), Jinan
— Shanghai Jiaotong University (SJTU), Shanghai

— University of Science and Technology of China (USTC),
Hefei

e 19 staffs, ~25 students and postdocs.
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ACC’s contributions to
the ATLAS detector construction

MDT (Monitor Drift Tubes) muon chambers by IHEP
TGC (Thin Gas Chamber) trigger by SDU

TGC electronics by USTC

LAr (Liquid Argon) calorimeter by NJU



Chinese muon chambers installed in the ATLAS detector
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TGC end-cap trigger
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! Peter Higgs and Peter Jenni (ATLAS former spokesperson)




ACC activities in
the ATLAS physics analysis

Higgs boson searches (IHEP & USTC)
— H = yy, WW, 2Z

SUSY particle searches (IHEP & USTC)
— Stau
— Soft-lepton

— R-parity violation ep resonance search

Top physics (SDU, IHEP & NJU)

— Single top production
— Top pair production

— W polarization
SM physics (USTC)
— Di-boson production (= Prof. HAN Liang’s talk)



Higgs boson searches



Results on ATLAS Higgs search
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ACC involved in the ATLAS
Higgs boson searches

Photon trigger efficiency and photon ID efficiency
studies in H>yy. (IHEP&USTC)

2D photon isolation energy fit method to determine the
signal number and different background compositions in
H->vy. (IHEP)

H->2ZZ-> 4l to study Z+jets background and to measure Higgs
mass and spin-parity. (USTC)

New method on data-driven top pair background study in
H->WW . (IHEP)

Corrections on missing Et in H>WW. (IHEP&USTC)



Photon trigger efficiency

« Trigger efficiency measurement:

_ tight selected reco’y matching withtrigger object

E
tight selected recoy

 Importance:

— photon related cross section measurement.
— Check if trigger selection introduces additional event loss after offline selection.

 Difficulty: no pure photon sample with high statistics
for early data.

* Possible solution:

— photon sample: €= g,,P+€q(l-P) = &y - (Errue = Erae) (1 - P),
if 8true = 8fake ’ then E= 8true

— extrapolate from electron.

e Study a single photon trigger (E; > 20 GeV + loose photon
identification)
— Important trigger for inclusive photon analysis and H—yy analysis.
— Evaluate the efficiency based on 20pb-* MC sample.
— Measure with real data.

June 22nd, 2011 Li Yuan, thesis defense 11



Three possible methods

» Bootstrap:
— select events with leading photon passing lower threshold trigger
— Measure the photon trigger efficiency with this photon

Ytag
> “tag & probe” method — Trigger
— Select di-photon events in single photon trigger under
— Match one photon with photon trigger object (“tag” photon)

— Measure the trigger efficiency on the other “probe” photons
Yorobe

Yprob@

» Electron to photon extrapolation Yirigger

— Select pure electron sample from Z—ee, with kinematic cut and identification
selection on tag electron

— Check the photon trigger efficiency with the probe electron

June 22nd, 2011 Li Yuan, thesis defense 12



L1 trigger efficiency

Photon Trigger Efficiency with 2010 data
T Wendidates

Tag&probe

bootstrap

extrapolation
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Photon ID efficiency measurement

dN/dM,,, [GeV)

With radiative Z decays : select pure photon sample in radiative Z decays:
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1000F

Matrix method : shown a preliminary results in Egamma
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Events/ (1 GeV)

2D-fit method to study yy process

Isolated yields: E s
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Events/ (1 GeV)

2D-fit method was used in the H>yy
background decomposition

After H>vyy event selection:
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New method on data-driven
top background estimation in H>WW

e Consider all jets reconstructed with the nominal jet selection in each event

with at least one tagged b-jet,

e For events with more than one tagged b-jets, select the b-jet which has the

largest b-tagged weight,

e Any remaining jet 1s counted as a probe jet if it has a AR with the b-tagged

jet greater than 1.
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H->ZZ->4] mass measurement ()

Unbinned likelihood fit based on
“Eur.Phys.J. C71(2011) 1746”

< 16— 7 T
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USTC contribution: ZZ* T N R

uncertainties(theoretical
and experimental)
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H->ZZ->4] mass measurement (ll)

PowHeg MC with different scales and PDFs to study theoretical uncertainties of ZZ* spectrum
Vary = 10 in resolution, scale, trigger and reconstruction identifications to study experimental

uncertainties of ZZ* spectrum
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Z—> 4| Cross-section Measurement (l)

Compared to Standard Higgs
selection, single resonance
selection is enhanced by relaxing
cuts on m12, m34 and lepton pT,
cross-section measured within Z
mass window of 76-106 GeV,

USTC contribution:
systematics(theoretical and
experimental)

Event /5 [GeV]
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Z—> 4| Cross-section Measurement (I1)

T vt ros secion b 57 single resonance > 4

, events observed in 2011 (4.8 fb1)
7TeV 27659.17 HATX 10_6 and 2012 (5.8 fb'l) data with MC
8 TeV 33229.54 4.76 x 10 expected 64=£6 events

| Expected|[fb] | Measured[fb] | Stat[fb] | Syst[fb] | Lumi [fb]

7 TeV 133.82 +-5.58 123.57 +28.15 +8.61 +2.22
8 TeV 153.95 +-6.42 158.16 +26.14 +10.91 +5.69
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Results on ATLAS Higgs search
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Improve the H->yy analysis by MVA

The cut based analysis of H>yy was used in the
published paper on the discovery of a new boson.

So there could be much room to improve this most
sensitive analysis by MVA (Multi-Variable Analysis ),
which is very important to improve the sensitivity of
the signal strength, mass and spin measurement.

Now we have one staff, one postdoc and one student
working on this analysis and Dr. Yaguan FANG from
IHEP Is assignhed as one of the two editors on MVA of
H->vyy.

We aim to have the MVA results at Moriond2013.



Measuring Yukawa coupling Y, via ttH(H>WW)

/Ndm- Nki
Y = (N C/5

» Systematic errors

nl

> Nnl(n=2,3): observed events in ttH-WW?* n-lepton final states

> L: LHC integrated luminosity

> g, total efficiency of n-lepton final states

> I(My): the integral over the parton momentum in initial states, propagator of

gluon or quark in middle states and lepton/jet phase space in the final states

> C,: the combination factor of branching of W decays

Directly measures only: o(+tH)*Br(H>WW)=N"/(Le,C,)




Results from Monte Carlo Study (30fb1@14TeV)
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Very big sys. error mainly from background uncertainty,

which shows the difficulty in measuring top Yukawa
coupling at LHC = ILC is needed.

IHEP made major contribution to this analysis




SUSY particle searches



ACC Contributions to

ATLAS SUYS Searches

» strong production \
107 \ SRansE

11 (soft) + 2jets + Emiss
(IHEP)

a, [pb): pp — SUSY VS=7TeV |

» 3'd generation squark —

> 1bjet + muilti-jet(7-8)+ 11 + E,miss
(IHEP)

g |

» weak production

v’ direct gaugino production : 2
v' direct slepton production " 300
at least one tau in final states
(e-tau, mu-tau, tau-tau)
(IHEP)

00 S00 600 700 800 900

EvCaee

>»RPV e-mu resonance search
(USTC)
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SUSY Weak Production with taus

> 3'd Generation dominated final states (eg: stau)
IS a good place to search for SUSY (especially
with the possible enhanced signal strength of
H->vy.)

» IHEP group first look at these channels in the

ATLAS SUSY group (prepare one CONF note now ATL-COM-PHYS-
2012-1438)

First proposed by Dr. Xuai ZHUANG on March 9, 2012 at
ATLAS SUSY 2lepton meeting:

https://indico.cern.ch/contributionDisplay.py?contribld=1&confld=175402

2012/8/17 28
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Consistent with SM Higgs?

IATL'AS| 2014 - 2ol1z

W,ZH — bb

|
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Signal strength (u)
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H— 1t
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CMS
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11 1 I 11 1 1 I | I I |
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-1
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Best fit G/GSM

=> Consistent with SM (u=1)
- only yy channel are significant high in both experiments
- ATLAS 11, bb precision to be improved with 8 TeV data

29




http://www.phy.pku.edu.cn/~susy2012/resources/conf day2/plenary/5 Carena-SUSY2012.pdf
Higgs Production in the di-photon channel in the MSSM

Charged scalar particles with no color charge can change di-photon rate
without modification of the gluon production process

mj, +m?+ D, @vi&ooeﬁ-psinb
my=1TeV GeV, A, =0 GeV M; [ h,v(zi‘:cosﬂ-#ﬁnﬂ) mg, +m, R

900 r(gg = h) Brth - yy) s Light staus with large mixing
(88 = W Brlh = ) [sizeable p and tan beta]:
800 mr, = mg,
= enhancement of the
o 700 Higgs to di-photon decay rate
S
=<

Contours of constant

o(gg —h)Br(h —=yy)
400 / g O(gg _’h)su Br(h —=yy)g,
’1' ’,' 095
300 / for My, ~ 125 GeV
200 220 240 260 280 300 320 340

my, (GeV)
M. C, S. Gori, N. Shah, C.Wagner,' | | +L.T.Wang’'12

Higgs into di-photon rate can be enhanced via Staus
2012/8/1 without changing the Higgs into WW/ZZ rates “



http://www.phy.pku.edu.cn/~susy2012/resources/conf_day2/plenary/5_Carena-SUSY2012.pdf
http://www.phy.pku.edu.cn/~susy2012/resources/conf_day2/plenary/5_Carena-SUSY2012.pdf
http://www.phy.pku.edu.cn/~susy2012/resources/conf_day2/plenary/5_Carena-SUSY2012.pdf

Signal Region (SR) definitions

Signal region | requirements
OS jet veto signal jet veto Chargino-chargino
Z-veto (neutralino)
OS 1t \ < .
Ad(r,7) <27 production
Er= 110GeV
OS mm signal jet veto
Z-velo , Direct stau
05t Er> 40 GeV roduction
mp> 100 GeV P

Table 5: Signal region definition.

M, [GeV]

e Only di-t channel covered so
far, et & pt will be included for

Moriond and paper
e The SRs have been optimized

2012/8/17
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Background Composition

SM process SR OS jet veto | SR OS mm
tt 0.21 £0.21 0.0 £ 0.0
single top 0.00 = 0.00 0.0 0.0
Z+jets 0.00 = 0.00 0.0 £ 0.0
diboson L40 + 0.49 0.7 0.3
| QCD & Wjets 13.24 £+ 248 | 7.04 + 1
SM total 14.8 + 2.5 7.7+1.5

Table 6: Event yields from SM processes in different signal regions, normalized to 13.02 fb~!.

e Dominant background is from fake tau (QCD with 2
fake taus and W+jets with 1 fake tau) ~ 90%
- estimated with data-driven method
- QCD+W can be estimated together due to similar
characteristics of the fake tau

e Other SM background only ~10%, estimated from
MC-driven



ABCD method (QCD+W)

» D: SR (medium + tight tau, MET>110GeV(or mT2>100GeV)
» A: QCD+W Control Region: close to SR except using loose taulD:
» CB: Normalization Region, close to DA except MET<40 GeV

— We can extrapolate from QCD+W Control region A to signal region D
trough a transfer factor from C/B: D =A* C/B

MET Signal Region
(mT2) It works only when:
« - Weak correlation between
g:[?;’nw Control taulD and MET (mT2)
|
s - Pure QCD+W at QCD+W

- control region ABC

zz::“'

“loose I Vedum NRETIE
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taulD and MET (mT2) Correlation check
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Figure 9: E7 (mr2 ) distribution with loose and tight tau id for SR OS-jet veto (left) and SR OS-
mrz (right). The distributions of their ratio are plotted at the bottom.

® Very small difference between tight taulD
and loose taulD
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Estimation Result (13 bt SR box not open for data)

~-Data 2012 ({5 = 8 TeV) ; 10° ) ~-Data 2012 (f== 87

ILdt~13.be'1 [zsiets i J Ldt~130 " []z+jets ]

[ [} = . M« 7

Ddihosan E 1‘}2 I:ldltllJElJI'l -

[ single top ] [ single top 3

[]QCD & wijets _ []och & msets 2

05 tau-tau + jet veto ] 10 05 fau-tau + jet veto -

Zveto - £ veto E

i 1 =

||-|'I||||J-!-||I'I|||||||||||||||||||||_E . 1|||J|-|||||||||||||||||||||||||:

o R T RS S R 7 o T I M I 7
% S : 1 3 SHHHEE
E hlh :: :: : N E N hln

P a 2 i
o1 S 4 1 0 < R R 1
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(a) (b}

Figure 11: E7 (or mr2) distributions for SR OS-jet veto (left) and SR OS-m2(right) . The error bar
is from data and the stacked colored histograms are from SM MC backgrounds except QCD+W. The
white histogram is from QCD+W estimate from data using ABCD method. Other SM backgrounds from
MC prediction are normalized to 13.02 fb~! integrated luminosity. The data in the signal region are not
included in the plots.

® There is good data/MC agreement in non-SUSY signal
region (MET<110 GeV, mT2< 100GeV)

=) ABCD method works well for QCD+W backgrounds
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Data/MC comparisons

(ch from data- drlven method, others MC S|mulat|on data-driven later)

(E [l“ ! —i—DaIBa:IH(l: UTu'J] E [I“- ! II —D—Dalaaﬂd(l: UTu'J]

O] Lt~ 1302m’ Qg2 ! o ;'_[Ld: 13.02m' Dl !
5 10k OS] S 0o . 5 10k OSletveto B 0o 1
g = E & F = ! E
E Setan M2 500_MU_110 = il EIGHAU M2_500_MU_110
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z B
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Figure 12: Kinematic distributions for OS events: Invariant mass of 2 OS 7 (top left plot); Ad between
2 OS 7 (top right plot); pr of leading v, OS (medium left plot); pr of next leading 7, OS (medium right 36

plot); n of leading =, OS (bottom left plot); i of next leading r, OS (bottom right plot). 36



Syst. and Estimation Result on QCD+W

Syst. Sources SR OS jet veto | SR OS mm;
Correlation 4.8% 11.9%
TF ditterence 10% 2.2%
Non-QCD subtraction 0.73% 1.91%
Statistics 15.0% 20.0%
Total 18.7% 23.4%

® Syst. is mainly from
statistics of data (will
be reduced with more
data at the end of 2012)

Table 9: Summary of systematic uncertainty source and numbers.

region A region B mregion C transfer factor QCDM+W background estimation
Data 47+6.9 T2690£270 | 21408+146
L+jets 0 1192£71 TI18+£55 13.24
05 jet veto di-boson 0.84+0017 13.4+3.5 20.4+3.1 (1.2892 + 0.0017 +2. 4T 5y5.)
single top 0 20£1.3 0. 164016
i 039£0.28 | 0.89+0.34 0.86+0.32
Data 2545
Fjets 1] The same 7.04
08 m2 di-boson | 0470013 ] (0. 2892000017 +1.65(5ys.)
single top 0 08 jet veto
i 0.18£0.18

2012/8/17

® Good purity in region ABC

Table 10: The estimated backgrounds in each region.
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® No observed results due to
blind Signal Region boxes at
the moment.

®AIm to Moriond 2013

2012/8/17

<500
& F
-t
<#50E
400
a50
200
250
200

SR: di-tau M,=50 GeV, tan £=50, 2 leptons

ATLAS ForApproval
Ldt=1", [5=8TeV E

——m= Expected Imit {£17, ) -

All it o 9596 T
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Inclusive SUSY search:

1l + jets + EtMIss

» Large production cross section, Low SM BGs

» Essential to address models which may escape
standard E;™ss+jets analysis because of soft hadronic
part: (e.g. longer gluino decay chains :

g — 47— 997 — qqWxi )

» One soft lepton to probe models with compressed

SUSY spectra

pT< 30(25)GeV for e(mu)

» Aim for Moriond 2013 and paper

v
v

v
v

2012/8/17

Soft MET trigger has been studied and fixed
Data/MC comparisons have been checked for SRs and
ttbar and W control regions with 5.8 fb-! 2012 data
Dominant systematic uncertainties studied

New SR and SR optimization are going on
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SUSY R-parity violation epy resonance search

ATLAS @ 7TeV

E I IIIIIIIIIIII I rrrT I et I : -I-hIEIr;IJ: ; |I:|‘i1ljt I Il:il:::?l J LI | ToT T°1 | LI | LI LI T T T T |
= 42k a ATLAS Theory . =010, ,= 0.055 - (b ATLAS : s
= = Ns=7TeV - E (b) h : /
@ - — Obﬁerved Limi‘t = - s = T Tey :' -
Tu - -[ Ldt = 35 b'1 ...... Expected Limit 7 .y : /
s F e gememr ] F Jrat=s500° AT
a 10 — - ,;""- N
.-EE-\. E E B 1:;_,*3-'5:':? -
il:;.‘u | _ — --‘“-‘“H-#'_-l —
I 1 0 e =
= 1 =L -
© = E v Ly =0.07 -
: - - i 1 =0.05 ]
i : 1 107 I _ g'g;(DD@T tron)
) \pen = 0. evatron)—
1[} 1 5 Ll Ly X Ll ,E :l PRI TN S NS T T N T T ST N T T S [N T MY N TN S ST N NN MO |:
100 ED[] 3{][] 4[][] SDD ﬁﬂﬂ TDD 800 900 1000 100 200 300 400 500 600 700 800
m. [GeV] m, [GeV]

® Lower mass limit @95% CL > 800 GeV with 35pb1@7TeV
Phys. Rev.Lett. 106 (2011) 251801

® Lower mass limit @95% CL > 1.32 TeV with 1.1 fb-1@7TeV
Eur. Phys. J. C 71 (2011) 1809

USTC made major contribution to this analysis




SM and top physics studies



A summary of ATLAS Standard Model measurements at 7 TeV

fo) _
2 10° ATLAS Preliminary
o — 35pb’
[ : : : : : -
6 L — J.L;dt=0.035§-4.7fb1
4 35pb!
10" = N5=7TeV
B Theoéry
10° = = Data 2010
- O Data;2011
10° T 3
— =
~ 0.7 fb” .
B 4.7 b .
I -1
10 = 1.0 fb .
- 47 b
w |z T & Tt T oww T wz | z

USTC strongly involved in di-boson cross-section measurements
NJU involved in the top pair cross-section measurement
SDU involved in the single top production measurement
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First evidence of single top Wt-channel

In dilepton final state

2000

Events

1500

1000

1 () il () b f u !
W
i 117 N
b i g if fr
(a) (b} )

According to the Standard Model, single top quarks

500F

| ATLAS

C J Ldt=2.05M"
[ (5=7Tev

-+ Data ]
JES uncertainty |
Wit _

it
CIWWIZZIWZ i
CZieelup)+jets
O Zizt)+jets

Il Fake dileptons

can be produced via the three mechanisms at LHC: o
t-channel, Wt-channel, s-channel

Perform the analysis in the dilepton (dielectron, dimuon, electron-muon) final state with

2.05 fb1 data at Vs = 7 TeV

Use data-driven background estimations for W+jets, QCD, and Drell-Yan processes.

The measurement gives an observed significance of 3.0 standard

deviations, and the corresponding cross-section:

ows = 16.8 = 2.9 (stat) = 4.9 (syst) pb,
This is the first evidence of single top Wt-channel, submitted to PLB:

http://arxiv.org/abs/1205.5764

SDU involved in the analysis




t-channel cross section measurement
(1fbl @ 7TeV)

t-channel signatures

@ a high pr lepton
o large E®** from neutrino
2 2-3 |ets

a 2 b-jet, 1 undetected
o 1 forward light jet

Summary for AGGM, 2012-08-15



Cross Section Measurement Results

Measured Cross Section Sy stematics _

(Fitted value of 37 | [S}Tﬂ;m_ﬁ_ | mm,.-;.,r =] ]

dta 1SS =i,
Channels | r-channel "Wajor Systematics
- ISR/FSR +18.0-17 6
E:I::mbmed 1.506551 Parton showar +15.4/-15.4
2-jet 1.653824 b-tagging efficiency |  +14.6-146
3-jet 0.945393 [AN Systematics | +90.8-90.1 (%) |
Total +31.6~31.0 (%)

o Expected: 6, =64.6130 pb
2 Measurement with only Monte Carlo samples

@ Measured: o, =97.313)] pb

SDU involved in the analysis

J.Wang Surmmary for AGCGM, 2012-08-15




W-polarization in top decay

* As the heaviest known fundamental particle, top quark may
accommodate new physics in its decay to W and b following
this parameterization:

g~ o i R 0, -~
Ly = - \%b Y (VLPL + VRPr) W, \/%( .1 fm? (LR + grPR) TV, + e

- VL= CKMth, VR =gL=gR=OlnSM
* NP could be probably observed in the W-polarization angle

distribution in top quark decay events:

1 do 3 3 3
1 — cos? 6% F 1 — cos %) F 1 0%)* I
Jdcoaﬁ?* 4( COS ) 0—|—8( COS ) L+8< + cos ) R

v

— 60" is the angle between the momentum direction of the charged lepton
from W decay and the reverse direction of f b-quark momentum from
top, both boosted into W rest frame

— F,, F;, Fg are bilinear combination of V;,Vg, g1, 9r



ATLAS results

2 L B B B B R B B B B R 2 I L
52000:_ ATLAS single lepton channels g - ATLAS dilepton channels 7
51800;_J.Ldt=1.04fb" o e - i 6005_ Ldt=1.047" o pae _E
1600F " Bkg postnt 500 ok postnt
1400 0 G [ Une. best fit - - [ZZ1 Unc. best fit .
1200F - 400 E
1000F 3 200 j
800 o D ]
60O ﬁ 200F -
400; _i 1005— —E
200F s I 2
0 05 0 05 1 03

Fo = 0.67 = 0.03 (stat.) £ 0.06 (syst.) ;j4ep 1206 (2012) 088
F1, = 0.32 &2 0.02 (stat.) = 0.03 (syst.)
Fr = 0.01 =2 0.01 (stat.) =2 0.04 (syst.)
W-polar angle distribution agrees with SM prediction:
F,= 0.687, F =0.311, F,=0.0017

SDU&IHEP strongly involved in the analysis




Summary

« ATLAS Chinese Cluster has made important
contributions to the Higgs boson searches,
SUSY particle searches and SM and top
physics studies

 With more and more young talents joining
ACC, we will play more and more active role
In the ATLAS experiments.
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