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Outline

e Detector related topics
— Laser alignment for ATLAS silicon strip detector (SCT)
— SCT modules readout timing calibration

» ATLAS electroweak physics
— Short overview on the latest topics
— Detailed review on Wy/Zy analysis



Motivation for laser alignment

! Tracks from 7 TeV collision
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SCT = SemiConductor Tracker; intermediate particle tracker with 6M silicon strips.

The alignment challenge:
— The silicon strip detector (SCT) is large (6.2m long, 1m diameter)

— may move slightly, e.g. due to heat dissipated in the front end electronics.
— We need to monitor the SCT stability to better than 10 um



racker alignment monitor

Solution: Interferometry !

— A geodetic grid of length
measurements between nodes
, T e attached to the SCT support
Z=7 __ <ga g B - et structures.

” h 9 ' All 842 grid lengths are measured
simultaneously using Frequency
X/ : Scanning Interferometry (FSI) to

s a precision of < 1um.
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and relative positions of SCT barrels and end-cap wheels.



Basic principle of Frequency Scanning Interferometry(FSl)
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Example of grid line measurements

FSI monitors the relative movement between any two barrels of the SCT, using many
assemblies of the type shown below. If there is a relative shift between barrels, we expect to
see anti-correlations in the lengths of grid line D1 and grid line D2.

Grid line D1 monitors the positive RO direction
Grid line D2 monitors the negative RO direction
Grid line D3 monitors the positive R direction

An FSI assembly with three grid lines,
between adjacent barrels.




Vibrato mode analysis
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D1 length expands, positive phase shift
D2 length contracts, negative phase shift
D3 length expands, positive phase shift
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Solenoid
current [KA]

Deviation in interferometer lengths [um]
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Example: Solenoid cycle

13h00 15h00 17h00
20 T T T
10— —
0
-10[— —
-20 : : :
13h00 15h00 17h00
' | ' | ' |
3 .......................................... —
i ATLAS Preliminary
2 SCT FSI alignment

_ . Solenoid cycle 4/12/2009
T N \‘\\ ]

1 | 1 | 1 |

13:00:00 15:00:00 17:00:00

04/12/2009 04/12/2009 04/12/2009
Time [UTC]

Event: solenoid magnet ramped
down and then back up.

The interferometer lengths were
found to be very stable:

stdev 0 ~11 nanometres in the
hour before the ramp.

Correlated movements of up to
+/- 3um are seen when the
solenoid field changes between
on/off.

After the solenoid cycle the
interferometers show very small
hysteresis and return to the start
values to within stdev o ~ 49nm.



Interaction with track based alignment
O Laser alignment provides cross check to track based alignment

O Provide fast feedback to any detector movement

O  Confirm the large detector movement during technical stop
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Motivation of readout timing calibration

SCT reads out three bunch-crossings around LVL1 accept signal.

Timing issue in SCT readout
Time of flight
Charge collections time

signal transition time in optical communication system.
Difficult to take everything into account correctly

In case the readout timing is not synchronized
Hit efficiency decreases.

Hits from one track will be reconstructed in two events (ghost hits )

Need to do in-situ timing calibration during collisions data taking



TTC. Signal Flow - SCT Timing Delay Options
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Procedure of SCT timing scan

O

Adjust global SCT timing( TIM delay time offset)

from -20ns to 20ns in the steps of 5ns during collision data taking,

Study the how the fraction of in-time hits on tracks fraction changes with
different TIM delay settings for each module.

Find the optimized TIM delay for each module, apply this delay as an offset in the BOC.
Redo SCT optical calibration.

Repeat above procedure for second, fine delay scan if needed, and fine
delay scan has not been done yet.
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Number of modules

Plot3: Optimized TIM delay offset for
Endcap A modules (For approval)
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oBarrel and Endcap readout timing are different by ~10ns before timing scan
o synchronized to ~1ns precision after timing scan



In-Time hit efficiency before and after timing scan

oHigher In-time cluster faction on a track is recorded after timing scan.
oThese calibration will be more important for future 25ns bunch crossing collision.
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Introduction to AT LAS Electroweak

group activity

O Electroweak group activity
Z backback forward asymmetry :
(@)
W mass measurement
(@)

Diboson (triboson) production
0

o WW, WZ, ZZ, Wy, Zy

O New frontiers in electroweak physics at the LHC
VBF/VBS signatures
Triboson : Wyy, Zyy, WWW

O My responsibility during the past year
Co-Convener of ATLAS Electroweak group



Motivation of diboson physics

 Diboson production cross-section measurements
o Test of SM electroweak theory and perturbative QCD at TeV scale

» Sensitivity to new particles decaying to dibosons (Technicolor, Little

Higgs, SUSY, etc...)

« Anomalous Triple Gauge Couplings (aTGC)
* The Higgs mechanism # a Higgs boson !

 Vector boson self-couplings fundamental prediction of the Electroweak

Sector of SM
e Its study is important to understanding electroweak symmetry
mechanism 1) a )
o(l,0) q
q g} q g (
(1, v) - TGC vertex
- { W _
- 14
W(Z) "
q D(Z—’ 17) q 1 l



Entries [normalized to unity]

ATLAS electron and photon

o Photon identification 1dentlflcat10n

Use EM shower shape in Liquid Argon Calorimeters

(@)

O Electron identification
Use high threshold hits in Transition Radiation Tracker (TRT)

O

Use EM shower shape in Liquid Ngon CaldrimetersV®
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W v (lv7): photon E;spectrum
Unfolded Photon E; spectrum compared to MCFM NLO predictions
0O Discrepancy in high E; for inclusive measurement (without jet veto)
Data compared to Sherpa/Alpgen predictions
O Very good agreement in event kinematics
O Scale up the Alpgen predictions by a factor of 1.5 to match data.
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Data
Theory

1/GWY>< dGWy/deet

e Jet multiplicity depends strongly on photon E+ threshold.
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W 7r (lvy): Jet multiplicity

« Dominant contribution from Ojet bin in low E region
« Dominant contribution from ljet bin in high E; region

« Contributions from 2jet or 3jet bins are not negligible
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Sherpa :Matrix element calculation for Wy+0/1/2/3 partons
Alpgen: Matrix element calculation for Wy+0/1/2/3/4/5 partons

Jet multiplicity



1 /Gzyx dczy/d Njet

Data
Theory

Zv (I'l' v ): jet multiplicity

O Jet multiplicity depends strongly on photon pT
threshold.

O Very different from jet multiplicity in Wy.
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O First measurement with neutrino decay channel (vvy)
Very sensitive to Z-Z-y and Z-y-y aTGC.
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- Selection highlight

0 EMiss>90GeV

O One isolated photon with pT>100GeV
0 Veto event with good lepton
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WYV/Zy : Narrow resonance search

« First narrow resonance search using Wy final state in all HEP
experiments

* No experimental limits from CMS/CDF/DO in this final state.

Do the search as model independent as possible

e Choose Low Scale Technicolor as benchmark model

« Low Scale Technicolor predicts narrow resonance decays into VY
* WryZY
- arpy Wy

W=

1y ar




WYV/Zy : Narrow resonance search (2)

O First narrow resonance search using Wy final state in all HEP
experiments

O The most stringent limits in the Zy final state.

O Double-exponential function to model to the shape of Vy mass
O No deviation from SM predictions
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/] @ 8TeV

O  Moriond CONF note with full 8TeV dataset
http://cds.cern.ch/record/1525555

Focus on total cross section measurements for on-shell
production using ZZ-> 4| events.

O Explore a larger phase space and differential distribution in 8TeV
publication this summer. - Selection highlight
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ozz" [Pb]

L/

- Latest 8TeV Moriond CONF note results and 7TeV results from ZZ paper

dataset Channel Measured o [pb] Theoretical o [pb]

7 TeV 4.6 fb! 41,212v | 6.7 +0.7(stat.)* 3 (syst.) +0.3(lumi.) 5.89*922

8 TeV | Moriond 2013 (20 fb™1) | 4/ 7.1*93 (stat.)+0.3 (syst.) +0.3(lumi.) 7.2703
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1 0 s — E
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T IIIIHI

® ATLAS ZZ> li(l/vv) (66<m <116 GeV) L=4.6 fb”
Y CMS ZZ- llll (60<m <120 GeV) L=5.0 fb""

Tevatron (1s=1.96 TeV)
® DO ZZ-> li(ll/vv) (60<m <120 GeV) L= -8.6 fb!

| IIIIllI

compared to ICHEP 2012 results
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Old result: 8TeV ICHEP 2012 CONF note results
dataset Channel Measured o' [pb] Theoretical o™ [pb]
8 TeV | ICHEP 2012 (5.8 fb™!) | 41 9.3* 1 (stat.) 0% (syst.) +0.3(lumi.) 7.2433




WZ7Z @ 8TeV

0O Moriond CONF note with HCP dataset (13fb").
O https://cds.cern.ch/record/1525557

O First 8TeV WZ measurement in LHC experiments

O 8TeV measurement is in a excellent agreement with theorv
- Selection highlight

Measured o [pb] Theoretical o [pb] a3 high pT lepton
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WW @ 7TeV

O [TeV Paper submitted to PRD

O http://arxiv.org/pdf/1210.2979.pdf

- Selection highlight

- Require exactly two isolated leptons
- Veto events with hard jet ( reject top)

large E Miss

O First differential measurement of lepton p; spectrum.

Events / 20GeV
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Theoretical o [pb]
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WW/WZ>1vji @7TeV

O Main backgrounds . Selection highlight

o WI/Z + jets and ttbar 0 One high pT lepton
Olarge EMiss

O Main Systematics 0 Exactly two jets

© Jet energy scale and resolution uncertainty
O WH+jet and ttbar dijet mass shape
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Diboson cross sections measurements overview

Cross-section measurements
O performed in WW,ZZ,WZ,W ¥ and Z 7 channels

O Latest 8TeV results Improved accuracy compared to 7TeV

I
ATLAS Standard Model Diboson CrossiSections (March 2013)
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Triple Gauge Couplings

©  The s-channel diagrams contain the triple gauge coupling vertex

New physics may modify these couplings.

O aTGCs modify the event kinematics
Effects of aTGCs increase with s”

coupling parameters channel
= 4? T I I T I = |

% 10 = —4— Data 2011 (Exclusive) E WW”y )\7’ AK’Y WW, W’y

3L 1 MCFM SM (Exclusive) _

E 10° B MCFM hZ=0.04, A=wo (Exclusive) 3 WWZ Az, Akz,Agfé WW, WZ
| 10— . L2y hs, h§ Lry
Y 1oF R ] 277 hs, hy Zy
o == L 2z R 7z
© Teamas = L E V4 fabs fop 77

10" is=7Tev j Ldt=4.6fb"
_2: ............
10 E ] | ] | ] [IJ
15 20 30 40 60 100 1000
E} [GeV]
Zy

aTGC limits is comparable or better than
Tevatron results



Charged aTGC results

0 aTGC results summary from Wy, WZ,WW and WV

O

aTGC measurements show no apparent deviation from SM

ATLAS Limits !

CMS Limits E

DO Limit o

LEP Limit -

AK‘Y ; | Wy -0.410 - 0.460 4.6 fb::

; | Wy -0.380 - 0.290 5.0 fb

| | WW -0.210-0.220 4.9 fb™

_ WV -0.110-0.140 5.0 fb

| : | DO Combination  -0.158 - 0.255 8.6 fb™

- LEP Combination -0.099 - 0.066 0.7 fb™’

2 — Wy -0.065 - 0.061 4.6 fb’

Y — Wy -0.050 - 0.037 5.0 fb™

— WW -0.048 - 0.048 4.9 fb"

— WV -0.038 - 0.030 5.0 fb™

o DO Combination  -0.036 - 0.044 8.6 fb’

| n? ILEP Combinatilon -0.059 - o.?17 0.7 fb™
-0.5 0 0.5 1 1.5

aTGC Limits @95% C.L.



New frontiers in electroweak
physics at the LHC

O  Quartic Gauge Boson Couplings (QGCs)
SM model predicts gauge boson self coupling

O Four gauge boson vertex:
O WWy vy WWZyry ,WWWW, WWZZ, 7777 ...

q 7
.
1
W
@y
q

]/ q qtag

Triboson VY v

O Mainly probing WW ¥ 7 vertex

Vector boson scattering WW->WW, WZ>WZ |, 77>77
O Sensitive to WWWW, WWZZ , 7777 vertex



W Y ¥ measurements

2 n_ 45
c Q - ]
3 ] Wag (MC) ~ 405 ATLAS Work in progress
. Zy (MC) & F E=8TeVv fL =2071"
e+j+{j ory) (OD) & 35F
Fake e+y+y (DD) § 30; N é] az;ta )2012
B EWK (MC) : aoF vy .
- D W N o
ATLAS work in progress : S e 3 1 Mu18_2915 or 3915 Trigger

E=8TeV

o o L S i Q Two isolated photon with pT>20Ge
' O One lepton with pT>25GeV

O MET>25GeV

0 MT>40GeV

% 50 100 50 200 250
M,, [GeV]

Cross section

o.-ex{fid [pb]
pp — Uvyy 0.0067 + 0.0013 - 0.0012 (Stat.) + 0.0014 (Syst.) + 0.0002 (Lumi.)

pp — evyy | 00052 + 0.0017 - 0.0016 (Stat.) + 0.0016 - 0.0017 (Syst.) + 0.0002 (Lumi.)
pp — Evyy 0.0061 + 0.0010 (Stat.) + 0.0013 (Syst.) + 0.0002 (Lumi.)




O O

WY ¥ :anomalous Quartic
Gauge Boson Couplings

anomalous Quartic Gauge Boson Couplings in VY v

Direct link to anomalous magnetic quadrupole moment

Any deviation of aQGC enhance

photon pT spectrum and di-photon spectrum

Expected limits on aQGC
100 times better than LEP
Better than CMS limits

Entries/Bin

al ATLAS Simulation pp — Wryy

7 1.,/ A"=800 Tev *
: 1,/ A*=400 ToV *

6| o1,/ A*=100 ToV *

SE —o— SM

4l j Ldt=201"

3}

2'.

1

M(yy) [GeV]



Quartic Gauge Boson Couplings and

vector boson scattering(VBS)

0  Wy(Zy)+2jet VBS process is sensitive to Quartic Gauge Boson
Couplings

O Reminder of Quartic Gauge Boson Couplings (QGCs)

Important to electroweak symmetry breaking (EWSB)
SM model predicts gauge boson self coupling Guue
O Four gauge boson vertex:

o WWyy, WWZy , WNVWW, WWZZ, ZZZZ ...
Vector boson scattering ...
0 Wy VBS: sensitive to WWyy ,\WWZy vertex
0 Zy VBS : sensitive to WWZy vertex ¢
VBS process has not been measured in previous experiment
o Wy/Zy VBS is likely to be one of the first VBS measurements.
0 Advantage in Vy VBS process:

o)

10~100 times larger than WW and WZ VBS
0O




Prospect of Wyj3 VBS

measuirement @ TeV

Number of expected

candidates @8TeV
After VBS selection 150 450 7
e Require Number of jet >=2 Wy +2jet after VBS selection
« VBS selection M(ij)>500GeV, |AY(11)[>2.4
O M(jj)>500GeV o
0 |AY(jj)|>2.4 ’“; Wy EWK VBS
: E Wy QCD
» On-going study oc—
» Compared to other diboson VBS channels ol
» 100 times more sensitive to aQGCs Eages .y gj—‘ e

Dijet Mass(GeV)
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Prospect of Wyjj aQGC sensitivity
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Wyjj VBS process aQGCs sensitivity
U about 100 times more Sensitive than WZjj



Summary of ATLAS

electroweak activity

Precision electroweak measurements
First Weinberg angle measurement
The best result in hadron collider

Diboson Cross-section measurements
performed in WW,ZZ,WZ,W v and Z Y channels
Latest 8TeV results Improved accuracy compared to 7TeV

aTGC measurements show no apparent deviation from SM

Lots of new measurements are on-going.

Diboson VBS process is sensitive to new physics in Higgs sector



backup



Precision electroweak physics
Weinberg angle measurement

O Reminder of Weinberg angle definition:
2
: m
sin’(0,,) =1 - —~
My

Experimental observable:

Backward —forward asymmetry in Z "

- Precise Weinberg angle measurement A(SLD)
constrains the mass of the Higgs boson. A%
AO,c

- The largest deviation between the best EWK fit
vs. data Average

« Tension between LEP and SLD results: ~30

0.23099 = 0.00053

0.23098 = 0.00026

0.23221 + 0.00029

h— 0.23220 = 0.00081

0.23153 = 0.00016

x’ld.of:118/5

8 Aa,” = 0.02758 = 0.00035
B m=178.0 = 4.3 GeV

Ll
0.234



Weinberg angle measurement ATLAS
Results and World Averages

ATLAS, e CC ———
ATLAS,eCF [ —oi  ATLAS Preliminary
ATLAS.w | —o—! |Ldt=48%" @ (s=7TeV
ATLAS combined —— !
CMS O—rit
I
COF [ e
LERALS | e
SLD, A o
mac
N
0.22 0.225 0.23 0.235 0.24 0.245
sin?6y

ATLAS-CONF-2013-043



Backward-forward asymmetry in Z

ATLAS-CONF-2013-043

« Central-Central

Electron channel

818_,..,,....,....,,.
> 0 det=4.8fb"@\s=7TeV ATLAS E
= Jo7L —=— Data 201t Preliminary -
3 E [ |Zy —ee 3
6:_ V/777} Other backgrounds ]
107k Multijets

(T

O Central lepton : |n|<2.5 A, =

O forward e: 2.5<|n|<4.9

Events/ 0.1

Data/MC

100 L B B B —
_[Ldt 471'@(s=7Tev ATLAS ]
| —e— Data 2011 Preliminary |
80

1.1

0.9

« Central-forward

Electron channel

x1 03 .

— [ ]Ziy*—ee ]
27| Other backgrounds 7
Multijets

+++MW+++

_4.

05 0 0.5 1

F_NB
-+ Ny

« Central-Central

Muon channel

Events / 0.1
3 3

—_
o
[

-t
o
5,

10*

JL dt=47f'@\s=7Tev ATLAS
—&— Data 2011
[]Zh*—pu
Other backgrounds

L B B e B e

Preliminary -

Multijets

—¢¢¢++++++¢¢¢¢+¢¢¢+—
0.5 0 0.5 coso* 1

cos(6)>0 - Forward (N)
cos(8)<0 - Backward (Np)

Asymmetry IS more V|S|ble |n central forward channel

S SM workshop

o less dilution due to unknown incoming quark direction



Unfolded the AFB Spectra

« Central-Central

Electron channel

m1.2p
L

< 4 ATLAS Preliminary
08f- IL dt=48f"@ fs=7TeV

0.4f
F s
0.2: ‘:0\\
0'—% AN N
-0.2F 8] Data
-0.4f 7%|PYTHIA

70 10° 2x10°  3x10°

mes [GeV]

« Central-forward

Electron channel

m1.21
L [ . .
< ¢ ATLAS Preliminary
0.8F J-L dt=48f"@ /s=7TeV
0.6F
Z g}?&i \ &
04F e
[ el
0.2 oo
of [
0.2 S {8 Data
ﬂwfﬁ 7Z|PYTHIA

70 80 90 107 2x10°

0O Unfolded to born level.
Compared to LO Pythia prediction

0O Correcting for mass bin migration effect.

« Central-Central

Muon channel

m 1.2
< 1 ATLAS Preliminary
0.8F IL dt=47f0"'@ (s=7TeV
0.6f
04F

0.2 )
-0.2F
0.4

o

70 10° 2x10°  3x10°

10°
m,, [GeV]

ATLAS-CONF-2013-043

big impact from mass-bin- migration in low mass region

O Not included correction from dilution



Same sign WW+ dijet VBS

O Single lepton trigger

O Two same sign leptons with pT>25GeV

0 MET>40GeV

O Two jets with pT>25GeV and m(jj)>150GeV

inclusive B il VBS

B WZ(ew+qcd)
B Fake BG

B Wgamma
sV

B ZZ(ew+qcd)

B Charge fips
v W Wwss cD

2 Events selected with 8 Fake 50
e, » B Wgamma

« IMjl > 500 GeV — best sensitivity -

to inclusive WWjj ~48 signal events B oo s

B Charge fips
» |Ayjl > 2.4 = isolate EW
component ~32 signal events

R B B T TR L S e A S =

T
ATLAS Internal -

> 2 T 1 1
3 § 10 ATLAS Internal [
} Ldt=2031 ", Vs = 8 TeV . @ Ldt=203m " ¥s=8Tev s
2
10 Inclusive SR, ee+e p+up — '“wp —T ! 8 Inclusive SR, ee+q putup ShaegeaiD) (00
.y | v ’
’ JE] 0
& = "
-
L

b g .
0™500 400 600 800 1000 1200 1400 1600 1800 2000
M, [GeV/c?)




10

10713

Ratio

QGC in Same sign WW
(W*W*ij or W-W5i)
Use W*W*W-W- kinematics to study WWWW vertex

o m"W and Ad(l,l) are more sensitive
0O Dijet system kinematics (m(jj) ) is less sensitive

First aQGC limits on WWWW vertex in HEP experiment

mWW Ag of leptons
T ().(x]l»1!I[IYIIIITIIIITIIIIIITI‘IITI

10°°

107

Transversal mass of WW, calculated using the missing momentum r MC (W W‘SS’S M.1) M
LA AL B LS BRI L R B B L 0.0008 — MC (\V‘\' ss fso ff'l()U)
MC (WWss_SM_1) - MC (WWss km_ag-0.03)
= —— MC (WWss fso_ff-100) - - .
o, e MC (WWss km_asg-o.0 0.0006 -+
1078 e L . r
- ) I i b
b / i | pw;i 0.0004
10 ;__ HIY, N :
- SM : [
Yo o 0.0002 -
E H 3
2 [ o -
- w ! |
- 3 bbbt
TR SN I BETT
16 £ I | I = 1.4 E
1.4 - o =
1.2 [~ H ‘ ‘ - s 12 =
E I 1
1 ' = “E T
o M= 2 e
0.6 —= 0.6
0.4 :_l el b o Ll il | - l—: 04
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Event selection

- Zy (I*ly) Selection highlight
Q2 high pT lepton with pT>25GeV

- Wy (lvy) Selection highlight QLA PAl C |
QOne high pT lepton with pT>25Gev ~ =JOne isolated photon with pT>15GeV

QE,Mss>35 GeV OMajor background

QOOne isolated photon with pT>15GeV QOZ+jet : jet faking photon
QMajor background
AQW+jet : jet faking photon

Qy+jet: jet faking lepton - Zy (vvy) Selection highlight
QE Mss>90GeV
Latest ATLAS Vy publication: : :
4.6 fo', 7 TeV dOne isolated .photon with pT>100GeV
Phys. Rev. D 87, 112003 (2013) QVeto event with good lepton

QMajor background
QZ(vv)+jet : jet faking photon
OW+jet : electron faking as photon
AWy



Summary

WYy/Zy Differential cross section measurements
* The shapes agree better with Alpgen/Sherpa predictions
* Observe discrepancy with MCFM in high ET region of inclusive Wy events

Wy/Zy Narrow resonance search

O First narrow resonance search using Wy final state in all HEP
experiments

O Most stringent narrow resonance search in Zy

Wyjj/Zyjj vector boson scattering study
O  Wy/Zy VBS is likely to be one of the first VBS measurements.

O Important steps to understand the underlying mechanism in
EWSB



Detector experience

O Detector experience:
SCT : Laser alignment , readout timing calibration
LAr : Electronic calibration
TileCal: 2004 combined test beam analysis



Fiducial phase space

Cuts pp — Lvry pp — T8y pPp — vy
Lepton p% > 25 GeV  pT > 25 GeV —
Ime| < 2.47 Ime| < 2.47 —
Ny =1 Ny =1,N,—- =1 Ne=0
pr > 35 GeV — —
Boson - My+p— > 40 GeV p1” > 90 GeV

Photon EL > 15 GV EL > 15 GeV  EL > 100 GeV
7| < 2.37, AR(£,~) > 0.7
e, < 0.5

Jet E$* > 30 GeV, || < 4.4
AR(e/u/v,jet) > 0.3
Inclusive : Njet > 0, Exclusive : Njet = 0




Systematic Uncertainties

O Major experimental systematics
Photon Identification uncertainty : 5%
Photon isolation efficiency : 2~3%
EM scale and resolution: 2~3%
Jet energy scale (3% for exclusive measurement)



Background

O Fake photons (or fake lepton) background estimated from
iIsolation shape of signal candidates.
Background shapes are taken from background enriched region

(C.,D)
0 Fake photon enriched: select shower shape similar to 0 -> 2y
= Tl mlestems sl oo ~=I3ct candidates without TRT high
(Isolated) (Non-isolated)
=
§ dates with large impact parameter
S
= § C D
S Wy background
& § (Control Region) (Control Region)
S
§ ~ evy vy
< ]Vjet > 0
< Ng>s 7399 10914
£5 | W{fu)-tjefs 1240160 £ 210 2560 & 270 £ 580
£ 5 A B Z(ee )+ X 678418486  779+19+93
TE Y+jets 625 +-80+86  184+9+15
'§ ~§ (Signal Region) (Control Region) tt 320 £ 8 & 28 653 £ 11 £ 57
S~ other baquround 141 +16 £13 291 £29 426
. NyE 4390 4 200 + 250 6440 £ 300 + 590

6 7 Isolation Energy [GeV]



Data
Theory

Data
Theory

First Zy differential mea

ZvY (I'l'Y): photon E+

cctrum
urement:

Photon E-, jet multiplicity and Zy mass spectrum

Photon E; measurements

MCFM NLO predlctlons

> T T
8 10° ATLAS —e— Data 2011
Ldt=4.6f" ys=7 TeV
~ 10 -[ = re=re D Z('l)+y (SHERPA x 1.0)
LD 02 Ngt 20, E1>15 GeV
c
o Z(I)+jets, t
> 102
W o
10" .
102
c ]
Si E
o + -
©|O0. -
D 80 X N N N | N N . N M
< 20 30 40 100 200 300 1000
L y
E; [GeV]
Inclusive

== &&.E: =
ATLAS e =
= J p Tle%al 3
B Ldt=46H e =
3 e =
= \s=7TeV pp — [Ty 3
=E I:I Data 2011 (Inclusive) :l Data 2011 (Exclusive) E:
B —o&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive) f===- ®'iEI';
E —5— MCFM (Inclusive) —=— MCFM (Exclusive) [ ?5
1 1 1 1 1 N
C T T T T " T -
f—--@--m ------- - o-L . ®---[l-] ------- ¢ T (i)--{ll—f
- Incluswe | | ]
E I I I I I
AP Y T
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E} [GeV]



Integrated cross section measurement
0 Measurement vs MCFM NLO predictions :
o Inclusive Wy measurement is about two sigma above predictions
o Agreement is improved for exclusive WWv measurement (with iet veto)

o_ext —fid [pb] o.ext—ﬁd [pb]
Measurement MCFM Prediction
]Vjet 2 0
fvy  2.77 £ 0.03 (stat) £ 0.33 (syst) & 0.14 (lumi) 1.96 + 0.17
Fiducial cross section: 0747y  1.31 £ 0.02 (stat) £ 0.11 (syst) £ 0.05 (lumi) 1.18 £+ 0.05
vy 0.133 £ 0.013 (stat) & 0.020 (syst) + 0.005 (lumi) 0.156 + 0.012
]Vjet =0
fvy  1.76 £ 0.03 (stat) = 0.21 (syst) = 0.08 (lumi) 1.39 £ 0.13
Y0~y 1.05 + 0.02 (stat) + 0.10 (syst) £ 0.04 (lumi) 1.06 + 0.05
vy 0.116 + 0.010 (stat) £ 0.013 (syst) £+ 0.004 (lumi) 0.115 + 0.009
g 10 § I O Dlata 2011 electron channel § a 10 F T T 3
‘6' C O  Data 2011 combined 7 & E O Data 2011 electrfnn channel E
B A Data 2011 muon channel ] © B i Data 2011 combined 7]
-_ ------ (!) ----- [!] ----- ‘!) - :I MCEM _ - (? _____ E!] _____ 4_; . |:| 'I\Dﬂe;ti'\joﬂ muon channel ’
1 - T P----1p----- 7 S — = e.... oA |
E ATLAS E E ATLAS . E
- Juaewen' Exclusive - [aesee INClUSIVE :
\s=7TeV i _7TeV emmmmmmmeeeepon i
4 TTTEY O e - =| ) Is=7TeV i
10 = Ne=0 e 107 N 0 3
> 1.8 T T > 1.8¢ T T
S | ¢ 4 4 g Lot v 4 o 14
SlL A @-- - -k o oo oooooeeeee L - SIL  Ap S Ml i 3
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Reference Interferometry System

short interferometer

/ Long interferometer

piezo Super-invar rods

« Fibre collimators provides low M? beam.

* Super-invar / steel thermally compensating
design to balance CTEs. AT(C,L,- C,L,) =0

» Both interferometers have four-fibre read-out
for instantaneous phase measurement.

» Long reference has piezo for phase stepping.




Conventional FSI for absolute distance measurement

Scan a LARGE frequency range (Av~10THz):

Subscan 1 Sul b 2 Subscan 3 Subscan 4 Subscan 5 Subscan & Subscan 7
Fine lunlng Coal l ing Fin t ing Coarse tuning Fine tuning  Coarse tuning  Fine tuning

Like a long musical scale

<>
p

(f P\ R A

PE\ T ! Laser 1
t@ 0ol ‘\ K 57 GHz
e D) .9.0" 0.5 THz
8 67 GHz
?
2
g
G
o0
Ay PN\ hid ] g
= Pt R | < >
\! © > 43TH
[} Laser 2 . z
% § M3 GHz
T
| - (]
© i
3 e |
GABCDEFGAB%DEFGABCDEFG 67 GHz
2.1 THz
2\7[ 57 GHz

AHGLI =% ? (D AV Rl VAD) Y 9095 185 227 317 337 227" Time [s]

 Measure absolute length D every 8 minutes. (wrt reference)
* vAD term is cancelled using two lasers and a wavemeter.

Pros: Conl\?éed large Av & two lasers to reduce
: — Vv
- (P:FGCISG absolu’:e Imeasur.tehme?’:, D. systematic errors arising from AD.
= ofap?rggi\gice)gcyce aser withoutloss — _ gjow, about 8 minutes per measurement.
: o — Remaining errors are largest when the
— Excellent for long term monitoring. components are moving: limits resolution

during interesting rapid events.



Laser alighment principle

One 8s ramp of the laser frequency generates

frequenc
fringes in all grid line interferometers. q/\yH/H\/\/\
The instantaneous phase is measured. ohase steps <

Grid line D1 monitors the positive RO direction .
Grid line D2 monitors the negative R® direction Intensity
Grid line D3 monitors the positive R direction

0.5F
0,

-0.5

A
0

Intensity;

-0.5F

-17\\\\\\\\\\\\\\\\\\\\\\\\\HH\I||||||||||||||HH
0 1 2 3 4 5 6 7 8 9 10

Intensity:

0,

0.5}

A
0 1 2 3 4 5 6 7 8 9 10




Grid Line Interferometer (GLI)

« Each length measurement line of the alignment grid inside the SCT consists of a
quill (two parallel fibres and a beam splitter) and a

» The optical path difference is measured. GLI lengths range from 40mm to 1500mm.

Fused Silica
Beam splitter

Return

Delivery
fibre Quill

2.3 mm
diameter




Frequency Scanning Interferometry

FSI alignment system: 842 simultaneous micron
precise distance measurements between grid nodes
attached to SCT.

Repeated grid measurements monitor shape changes
of the SCT.

Barrel
FSI grid
node




Vector boson scattering (VBS)

O(a®ew)

O the scattering of longitudinally polarized vector bosons
violates unitarity at ~ 1TeV without higgs

O Important to check
whether Higgs boson unitarizes it fully or only partially

O  The first VBS analysis :Same sign WW
Sensitive to WWWW vertex
Final state: W*Wjj or W-Wj
Two type of diagram O(atgpasy)
0O O(a by : including VBS, name it VVjj-EW

O O(atyas):O(a)=200(dgy = 4, name it VVjj-
QCD



