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Standard Model
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July 4, 2012 k | —
‘ CERN announces the discovery of a new particle

by ATLAS and CMS, consistent with the Higgs -
boson
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Why the Standard Model?

e Why the gauge group SU(3)c X SU(2)L X U(1)y?

e Why are there 3 generations of quarks and
leptons?

e Why are lepton and hadron charges quantized
in the same units? Why the existing

hypercharges? Qem= T3 +Y/2

Is it because...
e the gauge group of Nature is actually bigger?

e and the SM is the product of a larger symmetry breaking
process than just electroweak symmetry breaking?

e SO(10) — SU(5) x U(1) Georgi-Glashow
SO(10) = SU4)c x SUR)L x SUQR)x  Pati-Salam 1974

e e.g. Pati-Salam SO(10): Qem = T3 + T3r + 1/2(B — L)
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GUT motivations and Z’

‘el U.Amaldi,W. de Boer, and H. Furstenau, PLB 260 (1991) 447—455
° After PreC|S|0n measurements Of the S. P.Martin, A Supersymmetry Primer [arxiv:9709356]

SM couplings at LEP, one could run the =
couplings according to the RGEs to 60— T T T
higher energies.

50
* The SM couplings apparently 20
converge, motivating the possibility of
grand unification (GUTs). o ' 30
e But the extrapolation is over 10'* 20
orders, and we need more 0
experimental clues. ' 5 ]
O|.|.|.|..|.|.|.|if
- ’ : 2\ 4 6 8 10 12 14 16 18
* New hlgh-mass Z. I?osons occur in Log,(Q/GeV)
theories with additional U(l) gauge
symmetries. collider accessible energies

e Z couplings can be non-universal =important to search for Z’—TT.
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Unification?

blanetar
motion Newton, Einstein
universal gravitation
_ general relativity
terrestrial
gravity
electricit Higes mechanism unified
Maxwell . quantum
electromagnetism / gravity
QED U(1) GWS Standard Model _ X
magnetism ' electroweak Strings!
Jsu@) fu()
Grand
7 ¥ — —
weak force SUsY: Unificatian
SU(5), SO(10), ... ?
Z’? ’
strong force : . :
QCD SU(3) : : : : Energy
_ >
10° 7 ~10167 ~10197 [GeV]
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We need high energies

proton - (anti)proton cross sections

10° ———r ————3 10°
e To probe physics at the " I T 1°
TeV scale and beyond we 10 ¢ Tevatron  LHC: 37
need a high-energy 10° | 5 | i
collider. 10 |
e The cross section = :z
production rate grows ok
sig‘niﬁcantly with the a I
collision energy, +/s. i
10" E 6 (E > 100 GeV)
o W, Z, top, Higgs, Z’, ... 10" |
102?
103%
104%
105%
106%
107 L
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AT LAS DEteCtOI" Both ATLAS and CMS have:

e 3000 scientists, | 70+ institutions

Magnets: 2T solenoid, 4T toroid barrel and end-caps * tracking, calorimetry, muon spec.
Muon Spectrometer: |n|<2.7, drift-tube chambers 44m

e |00 M readout channels
f e | MB/event written at 500 Hz
i e O(10) PB = 107 GB data/year/exp.

world-wide grid computing

Ll

25m

Tile calorimeters

A"‘ g | | YJ‘ " : N -
, . \(R . : LAr hadronic end-cap and
' forward calorimeters
--------------- Pixel detector

LAr electiromagnetic calorimeters

Toroid magnets

T.Rex Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker

Tracking: [n|<2.5, B=2T, precise tracking and vertexing, Si pixels, strips, and TRT straws, TR electron ID
Electromagnetic Calorimeter: |n|<3.2, 3+1 layers corrugated layers of lead and LAr
Hadronic Calorimeter: |n|<5, Central: iron/scintillator tiles, Forward: copper/tungsten-LAr
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What’s a tau?

* Only lepton massive enough to decay others
hadronically (1.8 GeV).

e 65% hadronic TV 4%
50% |-prong, 15% 3-prong.

17t 210

* Decay in beam pipe:cT = 87 ym.

e Signature: narrow jet with | or 3
tracks, possibly additional EM clusters.

e Challenge: large multijet
background at hadron colliders.

e Importance: can have preferred
couplings to new physics:
SMH=2TT,H =TV, 2 =TT,
high-tan SUSY,...
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Tau reconstruction

|. Seeded by anti-k; jets (R=0.4) of tau U”Sjerzﬂg
3-D topological calorimeter clusters. pile-up ‘I

2. Define the four-momentum as
the jet-axis with a tau-specific
calibration.

3. Associate tracks with the jet that
are consistent with the chosen vertex.

4. Calculate discriminating count # tracks and track isolation
. , calorimeter showen in AR < 0.4
variables from the combined shapes
: : : : in AR < 0.2
calorimeter and tracking information,
later used to identify hadronic tau
decays with BDT and likelihood based o
discriminants. N

Ryan Reece (UCSC) 14



Tau identification

Example ID variable: core energy fraction

Ql C L 3
. . . 30_16;—Z,Z’e‘c‘c,We‘w _i
Multivariate techniques: < 0.14F —— Data 2012 ets) :
@) - .
'*C"Zé 0.121- det=74O pb”, Vs = 8 TeV E
) . . . . = 0.1 1-prong, p_ > 15 GeV -
o Projective likelihood FOU A :
g (w ) 5_0'08:_ Preliminary E
d=Mn(75) =Y, n (%)) S 00er -
B pi (i) D 0,041 =
0.02 ;— .........oooo —;
) s = Cage®®®® . e IR, ]
o Boosted decision trees (BDT) 00z 04 06 08 1 T2
s feore
No 1.|Y>a? . Y 3. - 1_2_. ———————— S
X>b? 3| X>c? 8 B 1-prong —o- BDT loose ]
y Yes % 1_— pT >20GeV, Inl <2.3 -& BDT medium ]
d =
( j ) b {Y>d? 4= - —&— BDT tight ’
Yes a E 08__ __
X>e? i 0000.0000000000000000000- 0 o .
.C%’ 0.6/ HESEEEEEEEEEEEEEREERERE S8 —
é \ 0_4:1‘ pde &k A A A A koA AAAAA A A -
0.2 .
- ATLAS Preliminary 2012 Simulation 7
v b b v b e b e ey By
® "5 10 15 20 25 30
NVtx

Efficiency stable with pile-up
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Search for new |
physics: 2’ TT \




Searching for Z’

e New high-mass Z’ bosons occur in 5 12 | ATLAS Prlimnary <« ouaamz. E
theories with additional U(1) gauge 0 Lat=2015" s waos
symmetries. 10k Is =8 TeV RE -

5 é = []Z'(2500 GeV) E:

e Sequential Standard Model (SSM) is a i Z’—ee |
benchmark model for a heavy neutral b , E
resonance with the same chiral couplings -
as the SM Z but with a larger mass. 0" E

. . 10% 2 . . L .

e Best limits on Z’—ee/up B I =

e mz > 2.86 TeV ATLAS - |, I
8 100 200 300 400 1000 2000 3000
Mee [GeV]
@ 10 g - ] - —g
i mz > 2.96 TeV CMS 2 g ;TiAMSM F;r::rr;nary é;);tfzow E;
10° Ldt=20 10" Egb -
I 10* \s=8Tev (1500 GeV) Ei
e Important to test the couplings to all - Clzesocey =
. y 5
lepton flavors (incl. Z’—=T1T). - Zoup -

e Some GUT models that predict Z' bosons g E
preferentially couple to third- ' E
generation fermions offer an explanation
for the high mass of the top quark. ;;;'; | + [ 5

§ "E 100 200 300 400 1000 2000 3000 =

Ryan Reece (UCSC) m,, [GeV]



Searching for Z’—- 71T

Sigl‘latu e h-+V < T- ......... > ETmiss

» two tau decays
» back-to-back in the transverse plane
» opposite-sign charges

“Cut and count” events above total transverse mass,
mrtet(t1, T2, Ermiss), thresholds optimized to exclude a Z’ssm a
benchmark high-mass resonance.

ATLAS searches for Z’—- 1T

» 2011 data: 4.6/fb at /s = 7 TeV
published in PLB [arxiv:1210.6604]
combined ThTh(BR=42%), eTh(23%), HTh(23%), and eu(6%).

» 2012 data: 19.5/fb at /s = 8 TeV
[ATLAS-CONF-2013-066] only ThTh channel so far.

Ryan Reece (UCSC) 18



Z’ - TT > !rlTh 201 | dataset

> - -
Q 1otk (b) ATLAS . e Data2011 -
* Select OS back-to-back tau decays. (85 10 [Lat=45 . ] 57 T
3L : jet _
« Count high-mass events. N 107 @=7T9V5 EMJ{;J?G?
S 10°F W Zoun
TR 7 E
10k [_]Diboson a
. - [ Singletop
Event selection L T (TiZ(1000)—7T
* p1(p) > 25, p1(Th) > 35 GeV »’
-1 )
* |-prong Th 10 § =
* [Ap(u, Th)| > 2.7 102% § _
* OPPOSite Sign ” and Th 10‘3: l | | | | i | | } | } ' ' ' i
° mT(H, Th, ETmiss) > 600 GeV o) 500 1000 1500
m’EIQt(‘u, Thad-vis’ E?ISS) [GeV]

* Fake factor methods used to model multijet and W+jet backgrounds

* Need to be modeled in data-driven ways for two reasons:  total SM = |.4 + 0.4 events
Z'(1000) = 5.5 £ 0.7

|. jet— Th fake rate is mis-modeled in Monte Carlo.
observed | event

2. populate the model in the high-mass tail.
Ryan Reece (UCSC) [arxivi1210.6604] 19



W+jet background estimation

< 2000+
5 1800

W+jet control region 2 1600

|III|III|III|III|III|III|III|IIIIII
ATLAS Preliminary e Data 2011

fdtL=4.7 b B Zy *—rt
s=7TeV s Bl W+jets

| @ 1400 : CIMutiet -
e mT(p, Ex™%) = 70-200 GeV S 1200 ; O Z—up =
i 1000 0 i =
« isolated lepton 288 ngﬁﬁgp E
: : . . 400 -
* In aWH+jet control region, divide tau candidates E
into pass and fail identification. 0 2 .
S 15: R
* Define fake factor: S AR
8 TE L b e e oy
ass T—ID 8 0 50 100 150 200

F(ppam) = NP (pt, 1) (s E7™) [GeV]

WP = il +-ID Ll e Aas ey

N (PT:7) W-CR fake-factors :nfiléséve fatL=a7i’ -

* Predict the number of W/Z+jet events: v oaeiey gy 18=7TV :

®© B o<Ini<l. W(—uv)+jets
g [ = 1.52<Inl<2.47
fail 7—ID s | i
— all 7— = -
NW/Z+j€t(pT9 773 x) _ fT(pTa 77) ) NW/Z_|_jet (pTa 779 x) 01 - I E
- - - S T |
= felpr.m) - (N (o1 0) = N P (prom, ) = Ny (oo 0) %f__ } -
: |
% 50 100 150 200 250

Ryan Reece (UCSC) [ATLAS-CONF-2012-067] p(r)[Gev] 20



mt'°t distributions '«

> - ] > - ]
8 10*E (a) ATLAS e Data 2011 8 10*E (b) ATLAS e Data2011
o dt=46f"  [IMultijet 1 9 dt=461" B2y —rr o
2 10%E Vs =7 TeV @2y =t 2403k Vs =7 TeV B W-iets 3
1] - B W—-Tv E i) - [ ] Multijet E
& 1 02 ] Others 4 & 1 02k Bl Z—uu ?:
o F L iZ(1250)>tT ] @ F [ 7 ;
10;_ - _;I 10;_ |:] Diboson _;,
g | e 2 [ Singletop 3
TN | : 1 CEE 210007
107 107 e -
o | i E——
10-3 : 1 1 1 | 1 L L | L L L L 10'3 : 1 1 1 1 | 1 1 1
0 500 1000 1500 0 500 1000 1500
M (Tpagvisr Thadwisr ET ) [GeV] M (W, Tpg i ET %) [GeV]
> : T T T T | T T T T | T T T T : > : T T T T | T T T T | T T T T :
8 10*E (C) ATLAS o Data 2011 8 10%E (d) ATLAS e Data 2011
o dt = 4.6 fb” @2y =t 1 o dt = 4.6 " @2y =17 3
© otk 's < 7 TeV Bl Wwiz+ets 1 2 430 (s=7TeV [JDiboson
0 - [ ] Multijet E %) - B Z—-uu 3
c - . c - _ .
o 102 Bl Z—ee ~ 0 102 B =
@ [ 77 T Bl W+ets -
1ok [ Diboson _; 10 i iZ(750)—TT
- [ ]Singletop = E
103 Ea E W=z V7. E
1070 T 10" Wi E
s
-3E -3 YA AAAA IS, /é .
107, 500 1000 1500 1079 500 1000 1500  laxivi1210.6604]

Ryan Reece (UCSC M@, Ty ET ) [GEV] mi(e, u, ET**) [GeV] 21



Combined limit

EI I I I I | I I I I | T T
o ] ATLAS '
—_ . — -1 = —
= 1§ det_4.6fb \@_7Tev§
1 - -
g/ : T,T, :

Q
x 107F Tehag ! TuThad =
L ThadThad
g - -
= .
10 25 — Observed limits S mb ]
F e Expected limits i
- — Zssm |
-------------- Z’sq th. uncert.
1 0'3 | | | | | | | | | | | | |
500 1000 1500

m,. [GeV]

(bp—Z)) x BR(Z'—77) [pb]

i (b) Expected limit
3 ' Expected = 10 3
- Expected + 20 ]
- —e— Observed limit -
- ,.nj;::::"' T Z’SSM |
- """"" Z SSM th. uncert. E
; ATLAS ;
- det=4.6 fo! Vs=7TeV ]
| Channels combined |
| | | | | | | | | | | | |
500 1000 1500
m,, [GeV]

ATLAS Z’ SSM Exclusions: observed (expected) @ 95% CL
combined: .40 (1.42) TeV

TnhTh: 1.26 (1.35) TeV
uTh: 1.07 (1.06) TeV
eTh: 1.10 (1.03) TeV
ep: 0.72 (0.82) TeV

Published in PLB

[arxiv:1210.6604]

CMS search also excludes 1.4 TeV [arxiv:1206.1725]

Ryan Reece (UCSC)
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Model dependence

ﬁ- . e Expecte!ﬂ limit

* Z’ssm has the same chiral T 1L Expected = 10 —
couplings as the Z of the SM, but ‘f - Expected = 20 ]
with a higher mass. E, : —e— Observed limit -
* The visible momentum fraction nj 10 _
in hadronic tau decays can N ¢ .
depend on the handedness of the [ | ]
couplings because it decays left- = | = e
handed through a W. 107 E
- ATLAS N
*  W/e studied the dependence of " [Ldt=46f" (s=7TeV Ao ~ BR)exl i

the limit by testing two extreme _3_ Channels combined fl~+ | 0/- |5%

cases: 10" 500 1000 1500

|. V-A pure left m.,. [GeV]

2. V+A pure right

* The change in acceptance results in a change in the excluded 0 x BR of
|0-15% at high mass.

Ryan Reece (UCSC) 23



2012: 72’ 2 ThTh

Event Selection

I I I I I I |

ATLAS Preliminary e Data 2012

90 — _
= 10*E * E
8 = [Ldt=1951" Zly*=tr 2
* At least two selected hadronic W 10°: “\gs_gTev Multijet -
U decays: - B W/ Z+ets -
au decays. 10°E " fi+single top =
+  pr>50GeV,|n| <247 - !g'tf?SéJOr\ E
(and veto crack) 10 = | .1 £11750) =77 =
* | or 3 tracks, |charge|=| 1t T =
* Lead tau trigger-matched and A0 P 7 .
10 E 7 -
pt>150 GeV - PR
, 10° 1=
* Taus have opposite charges -
*  AQ@(Thi,Th2) > 2.7 radians N
. X
* m7** thresholds optimized to
exclude Z’ssm mass. 3 o5 I | o
o 200 300 1000 - 2000
tot
m19 ( had-vis’ had vis’ E ) [GeV]

Ryan Reece (UCSC) [ATLAS-CONF-2013-066] 24



ThTh background

Dominant
backgrounds

o Z/Y*—TT - estimated with

high-mass Pythia MC \'E\‘FOS\

* multijet - data-driven _

I

estimate with tau ID
fake factors

* W/Z+jets - estimated with
MC Sherpa samples corrected
with scale factors for the jet-
to-tau fake rate.

for mt*©t > 850 GeV
total SM = | .4 £ 0.3 events
Lssm(1750) =56 £ 1.0

observed 0 events

Ryan Reece (UCSC)

2 S -

S 10°g A * S

= [Ldt=195 fbo Zly *—171 =

- e = 8 TeV Multijet N

: _ Bl Wi/ Z+jets -

10° ft+single top

. [ Diboson E

105 3> [ 1Z(1750)>7T =

A 7T

10" = ) g

10°F 5

107

1.5

1

obs. / exp.

TLAS Preliminary e Data 2012

I I I I I |

05¢

200 300

mY(z

1000 2000
E™SS) [GeV]

had-vis’ Thad-vis’

[ATLAS-CONF-2013-066] 25



Systematics

Z/v" > 1T

Multijet

W/Z+jets

Diboson

‘ tota |

| | Zism(1750)]

Expected Events

099+0.02 0.17+0.09 0.18+£0.03 0.02+0.02

1.36+0.10] |5.58 +0.14 |

Theory Cross Section [%] e - +28 +13
Luminosity [%] +2.8 — +2.8 +2.8
Tau trigger [%] +10 — <1 —
Tau ID [%] +13 — +5 +5
Tau 3-prong [ %] +4 — <1 —
Jet-to-tau fake-rate [%] <1 — +61 +60
Tau energy scale [%] +12 = +5 =
Jet energy scale [%] <1 - ' —
EP (%) <1 - 5 -

Multijet fake-factor [%]

Tau identification efficiency (=2-10%/Th)

Tau energy scale (=2-3%/Th)
Tau fake rate (=60%/Th)

Ryan Reece (UCSC)
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[ATLAS-CONF-2013-066]

data-driven with Z—=TT with
conservative extrapolations

to higher pr

\ conservative uncertainty covering sample
dependence in OS/SS fake factors 56



2012: 72’ = Thth limit

* Calculated Bayesian limits
from the counts in the high-
mass signal regions using a
flat prior on signal strength.

* mzssm < 1.9 (1.8) TeV
@ 95% CL obs (exp)

* will be combined with the
T/Th channels.

Ryan Reece (UCSC)

77) [pb]

—

J

o(pp—2) x BR(Z

107

10°°

| [ [ [ [ | [ [ [

N e Expected limit
3 Expected + 1o =
- Expected £ 20 ]
- —e— Observed limit
| _ Z’SSM _
— N K Lo th. uncert. =
= ATLAS .. E
~  Preliminary i
- det=19.5fb'1 s=8TeV -
|  ThadThad ch?nnel | | _
500 1000 1500 2000

m.. [GeV]

[ATLAS-CONF-2013-066] 27



Conclusions

e The performance of the LHC, and the ATLAS
and CMS experiments have extended many
exclusions for new physics.

e No sign of Z’ yet, GUTs, or SUSY.

e Expect some improvements as the Z'—=TT as

the T/Th channels are updated with the 2012
data.

e Many searches will be improved with the
2015 dataset and further their reach with

increases in luminosity and energy after the
shutdown.

Ryan Reece (UCSC)
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2’ TT References

ATLAS

e arxiv:1210.6604 - Z" 1T search with 201 | data

»  4.6/fb at /s = 7TeV
» lower limit on Z'ssm mass > 1.4 TeV at 95% CL

e ATLAS-CONF-2013-066 - Z' 71T search with 2012 data

» 19.5/fb at /s = 8 TeV
» |lower limit on Z'ssm mass > 1.9 TeV at 95% CL

CMS

e arxiv:1206.1725 - Z"> 71T search with 201 | data

»  4.9/fb, /s =7TeV
» lower limit on Z'ssy mass > 1.4 TeV at 95% CL

Ryan Reece (UCSC)
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H-TT References

ATLAS

e arxiv:1206.5971 - »TT search with 201 | data

» 4.7/ at /s =7 TeV
» upper limiton 4 = 0/0sm< 3=-4 formy= |25 GeV

e ATLAS-CONF=2012=-160-HT1T search with 201 | +2012 data

» 4.6/ at /s =7TeVand 13.0/b at /s = 8 TeV
» upper limiton g < 1.9 formpy~= 25 GeV

CMS

e CMS-PAS-HIG-13-004 - »TT search with 201 1+2012 data

» 49/, /s =7TeV and 194/ at /s = 8 TeV
» bestfity = 1.1 £ 0.4 consistent with the SM

» 2.850 significance over background only for my = 125 GeV

Ryan Reece (Penn)
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Review of
Higgs search
results




Current Higgs results

) 1
e Two channels with precise mass 5
measurements: H-yy and H—=>ZZ-4l . £
& 10
e H—-WW observes a broad but clear ®
excess.
107
channel bb T WW 77 YY
BR 58% 6% 22% 3% 0.2% 10° 106" "T20 140 160 180 200
My [GeV]
H-yy H—ZZ -4l
> :. T T T T T T T T T T T T T T T T T T T T T T T T - % i |. IDal.ta I ! I | [ | I I | I I I I
S 3500 ATLAS ¢ Data = 5 L . ATLAS
% 30005— ——— Sig+Bkg Fit (m =126.5GeV) 3 §25_— I Background ZZ. _ o770 _
c S VU Bkg (4th order polynomial) = € L -Background Z+jets, U
Q@ 2500 — o ool Signal (m =125 GeV)
L — - I ]
2000 TN = L= 7/ Syst.Unc.
1500 E {5[\s =7 TeV:JLdt = 4.8 fb” ’
1000 1s=7 TeV, [Ldt=4.8fb ’ : s —8TeV: [Ldt = 5.8 o ¢
500F- 15=8 TeV, [Ldt=5.9fb" —1Y — 10m
= = O
o 200E" S :
@ 100 } -
IPERX) {—(V(\LFH o 6. 4% ¢ 5
2 0 I Y e - ' H + -
o 100§+ H ¢ b ¢ g i
W 200 1 1 1 1 , oF
100 110 120 130 140 150 160
Ryan Reece 100 150 200 250
(Penn) My [GeV] m, [GeV] 33




Signal strength (u)

Current Hi 1ggs results

B I | I I I I _
- ATLAS 2011 — 201 2 : ATLAS Prellmlnary . mH— 125.5 GeV
O \s=7TeV: [Ldt=4.7-4.8 fo + Best I';L . W,z Hf bb ’
. ] : — 68% _ s=7TeV: [Ldt=4.7 fo"
- {s=8TeV: |Ldt=5.8509fb" o N i it .
4__ ] H— 1t ,
- _H_y*]m‘r - \s=7TeV: [Ldt=4.6fb" o—
- N — 177" 4 - \s=8TeV: det 13fb :
N = 0 ] H—ww" — iy :
3+ ] T HoWWE s viv Vs =7TeV: fLdt=4.6 fo" —e—
B . \s =8 TeV: [Ldt=20.7 fb :
B - H—yy :
- - Vs=7TeV: [Ldt=4.8fb" P
— — \s = 8TerLdt 20.7 fb’! ;
- i H—zZz" - ai

Vs=7TeV: [Ldt=4.6fb" ' ——
Vs =8 TeV: [Ldt=20.7 fb '

-
-
-~
- -

~ Combined u=1.30=+=0.20 :
m Vs=7TeV: [Ldt=4.6-4.8fb" | _@—
0 R T ST T NN S St Salal teliell el el lialiel il 4--9--y=-y--pocboojmeaguagang-- } \E:STeV:det=13-20.7fb'1 E
120 125 130 135 140 145 | | | | | | |
1 0 +1
my, [GeV]

Signal strength (u)

The measurements in the yy/ZZ/WW channels are consistent with a
new neutral boson with m=126 GeV.

Interestingly,
the yy channe
consistent wit

ooth ATLAS and CMS observe the si%nal strength in
to be higher than the SM over 1o, but still

n the SM.

H—TT and H—bb are approaching sensitivity.

Ryan Reece
(Penn)
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Current H= 71T result

> 22__Il IIIIIII lllllll.lllll__ 2 8_|||llIIIIIIIIIIIIIIIIIIIIIIL
oI ”‘had*ethad PRSI VS o & | Homw ATLAS Preliminary 1
= 20 BF —e— Data = e 71~ —e— Observed CL_ [Ldt=4.6f" {s=7TeV =
N ,gt€CRAN Q ity 4 < 65 iExpected cL, [Ldt=13.01" /s=8TeV 1
2 E Bl Z- _: E o =<0 E
§ 165 T B Others . = 53_ Bl 7
w14 -Faket = ] E :
- 7 Bk ncert. - O 5 2
e ./ g. unce _
12 - X 4f =
ob _[Ldt-13.0fb1 E e ; :
sk (s =8TeV 3 3 E
65— ATLAS Preliminaryé 2§ _i
45 : 1S ;
21 . : :
: e 0700 M0 120 130 140 150
%50 100 150 200 250 300
MMC mass m_, [GeV] my [GeV]
e A lot of shared experience between Z/Z’/H—T1T analyses.
e Uses similar 3A¢ cut for suppressing W+jet.
e Uses fake factor method for predicting fake backgrounds.
e FEagerly approaching sensitivity to 1xXxSM H—-TT.
e 21.7 fb! collected this year.
Ryan Reece

(Penn)
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MMC mass

Phasespace  Expected E_
of -decays Resolution

Ryan Reece
(Penn)
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Particle Physics

Fundamental questions V o
of particle physics: "";7"‘\ <10"%cm

proton
1. What is matter? Q R
2. How does it interact? | nucleus @
atom~10*cm ~10"%cm )

quark

Four fundamental forces at low energies:

1. Gravity - very weak, no complete quantum theory
2. Electromagnetism - binds atoms, chemistry

3. Strong force - nuclear range, binds nuclei

4. Weak force - nuclear range, radioactivity, solar fusion

Ryan Reece (UCSC)



Trigger and DAQ

Event rates

design
(2012 peak)

40 MHz
(20 MHz)

75 kHz
(~65kHz)

3 kHz
(~6.5 kHz)

~ 200 Hz
(~600 Hz)

Ryan Reece

(Penn)

Trigger DAQ
[|\C/|?J|§é] [Other] [Other]
e
[ Custom 1(— Epiig) { } [ J
Hardware T
Level 1 Accept ‘)¢ Y <|l>

Regions pf Interest

7 ~8000

ROl data

Processing Unit

((

(ROD ] [ROD ] (ROD ]

~150

emre—

Rﬁ'

L2 Accept

Bl Event Filter N Level 2 NN Level 118

~8000

x| Readout System }

~100

((

Processing Unit

. Full Event r/

Y
=

Event Builder }

5
) l| Data Logger ‘}
I
\ I
- ———— J

=
-
(=)
©
(]
Q
(-4
|
o
=
(8
()
=
Q
()

Data Flow

Data rates
design
(2012 peak)

ATLAS Event
1.5MB/25 ns

(1.6 MB/50 ns)

~110 GB/s
(~ 105 GB/s)

~4.5 GB/s
(~10.5 GB/s)

~ 300 MB/s
(~1GB/s)

39



MC simulation chain

Generator Particle Filter MC Truth Simulation
(Gen)

Y

ROD Emulation ROD Input Digitization MCTruth
Algorithm Digits g (Sim)
| | |
R e Y \
ROD Emulation l’ : \ | . | /' MCTruth \
< ----- (passthrough) Merged Hits Pile-Up (Pile-up)

Raw Data ByteStream ByteStream

Objects ConversionSvc

Reco

Ryan Reece
(Penn)
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Z2’—=TT 2011 event

Thad Thad Ty Thad TeThad TeTp
my |GeV] 1250 1000 1000 750
mi threshold [GeV] 700 600 500 350
2V =TT 0.7340.23 0.36x=0.06 0.57%=0.11 0.55%0.07
W+jets < 0.03 0.2840.22 0.8 £0.4 0.33£0.10
Z(— 00)+jets < 0.01 < 0.1 < 0.01 0.0640.02
tt < 0.02 0.33+=0.15 0.134£0.09 0.97£0.22
Diboson < 0.01 0.23+=0.07 0.064£0.03 1.69+0.24
Single top < 0.01 0.1940.18 < 0.1 < 0.1
Multijet 0.2440.15 < 0.01 < 0.1 < 0.01
Total expected background 0.9740.27 1.4 £0.4 1.6 0.5 3.6 0.4
Events observed 2 1 0 D
Expected signal events 6.3 £1.1 5.0 £0.7 5.0 £0.5 6.72+0.26
Signal efficiency (%) 4.3 1.1 1.0 0.4

Ryan Reece (UCSC)
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2011 Systematics

Uncertainty [%] Signal Background
hh ph eh eu hh ph eh eu
Stat. uncertainty 1 2 2 3 5 20 23 7
Eff. and fake rate 16 10 8 1 12 16 4 3
FEnergy scale and res. 5 7 6 2 2 3 8 5
Theory cross section 8 6 6 5 9 4 4 5
Luminosity 4 4 4 4 2 2 2 4
Data-driven methods - = = = =16 16 -
Table 2:  Uncertainties on the estimated signal and total back-

ground contributions in percent for each channel. The following sig-
nal masses, chosen to be close to the region where the limits are set,
are used: 1250 GeV for m,qThaq (hh); 1000 GeV for 7, maq (1h) and
TeThad (€h); and 750 GeV for 7.7, (ep). A dash denotes that the un-
certainty is not applicable. The statistical uncertainty corresponds
to the uncertainty due to limited sample size in the MC and control
regions.

Ryan Reece (UCSC)
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Double fake

factor procedure,.,

Signal

Pass tau ID
Pass lepton iso

Estimate

Pass tau ID

Estimate QCD |- o/ jopton iso

contamination

Negligible W+jets contamination

W+jets
contam-
ination

Fail tau ID
Pass lepton iso

Estimate QCD Fail tau ID
contamination Fail Iepton iso

Non-negligible QCD contamination| Negligible W+jets contamination

* [The multijet contamination is estimated from the rate of non-isolated
leptons, in both the signal region that passes tau |ID, and the sample that

falls.

* Then, the corrected number of tau candidates failing ID are weighted to
predicted the W+et background.

* This way, the corrections are small at each step.

Ryan Reece (UCSC)
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Z’—T1iTh Multijet background estimation

-T2
T I I I I | I I I I | I I I I

MUItI’et COhtI‘Ol - ¢ |nclusive ATLAS Preliminary

-1

, , L4 Inl<1.37 fdtL=4.71b

* no isolation \s=7TeV

0.1 = 1.37<Inl<1.52 Multiet -
e Ermiss < 30 GeV - v 1.52<Inl<2.5 >

- Lepton isolation

o mr(y, ET) < 30 GeV - fake-factors

Muon Isolation Fake Factor

* Inthe control region, divide leptons
into pass and fail isolation.

o
o
I I CJ|.| I
+| 8
]
] ] | |

* Define fake factor: - -+-$;: 1 -
NPass U—1S0 ( DT, 77) oL+ o+ & | |
Jiciso(PT2 1) =~ = 0 50 100 150
N (PT 1) |nultijer-cR p,(u) [GeV]
*  Predict the number of multijet events:
fail pu—1so
Nmultijet(pTa 77, X) — f/l—iSO(pTa 77) ) Nmultliljet (pTa 77, .X)

fail u— fail u—
= frisolprom) - (NELIT () — NSO (o )

Ryan Reece (UCSC) 45



2011 272 2 1T 2 ThTh

———— total SM = 1.0 £ 0.3 events

* New gauge bosons predicted in many > 10*E , _
GUTs with additional U(I). = (@) Z(1250) =63 £ "'_,
* Best limit on m(Z'—ee/uy) > 2.3TeV 0 08L DI\Z/I/UIEEW _;
from CMS [arxiv: 1 206.1849] PR = ST
* Important to test the couplings to all E) 102:_ [ Others _
lepton flavors. LI - " Z/(1250) =77 -
10 ATLAS Preliminary._
i - [dtL=461" -
Event selection L s=7Tev  ~
* 2BDT loose | or 3-prong taus with pt(Th) § """"""""""""""""""""" §
> 50 GeV 10 =
* opposite sign §
-2
* [Ad(e Th)[ > 27 10% 500 1000 1500

* mMT7(Th, Th, ETmiSS) > /700 GeV

m(z,, 7,, ET*°) [GeV]

* Tau ID efficiency uncert. = | 1% on the signal. (4% from Z — TT tag-and-probe)
* |et/tau energy scale uncert. = +22/-1 1%

* Multijet modeled by fitting the shape of the SS data. uncert. = +21/-11%
Ryan Reece (UCSC) [ATLAS-CONF-2012-067] 46




Z’—T1hTh multijet background

Fit same-sign (SS) data with dijet function:

f(Mrlpo, p1, p2) = po - MyPrHP2logMr

> mEREE ARRRAN LA RARE RARE RRAN RRRR R > 10— TS
8 0 3: —o— Opposite Charge (OC) T 8 - ATLAS Preliminary e Data 2011 .
o ' %:: —s— Same Charge (SC) 1 o 10k fdt L=4.7fb" [_] Multijet _
< 0.25F - T OV EL s=7Tev mZy =t 3
2 - . 2 - B W—tv -
T 0.2F 4 - S 107 [ Others =
s F ] ki (1212507
0 0.15F = b
- E ATLAS Preliminary 1 10€ s
o 01 =¥ fdtL=47f" = - L -
S - S5 Vs =7 TeV . 1 (. =
c 0.05 s - = f ----- ) E
o - e ] - ) -
2 Qbieleedliileiln 1o BT ol e
®) ML B B E a ZE— L e B B B
15¢ . 5 :
g 51 *—*-‘-%"‘r#—_*_*'_**_ | - Eg 1 51 *’Fr*¢+ s
o 05t .‘+‘.'+' J 0.5 .+ I
200 250 3Or(r?iSS 35 o 500 1000 1500
Mi(z,, 7., ET ") [GeV] Mi(z,, 7., ET ) [GeV]

® (OS5/SS shapes agree well

® normalize In OS sideband with 200 < Mt < 250 GeV
Ryan Reece (UCSC) [ATLAS-CONF-2012-067] 47



Z = ThTh

2012 cut flow

Z|v" — 1T Multijet W/Z+jets Top Diboson SM total Data  Z{,,(1750)
Preselection 270 + 50 630 + 100 80 + 50 27 + 15 1.1 +£0.6 1000+ 140 1016 94 +1.5
Ag(T1, 1) 120 + 20 420 + 70 48 + 30 13+6 0.1 £0.1 600 + 80 577 92+1.5
OS 113 +18 210 + 40 34 + 22 10+ 4 0.1 £0.1 370 += 50 372 87+14
myt > 300 GeV 102 + 17 96 + 17 28 + 19 7+3 0.1 +0.1 230 =40 235 8. 7+1.4
mt > 350 GeV 63 + 11 40 + 9 18+12 50+1.9 0.1+0.0 126 +21 123 8.6 +1.4
m“’t > 400 GeV 37 +77 18 +4 10 +7 20+ 1.1 <0.1 66 + 12 59 84+14
met > 450 GeV 22 +4 9+3 6+4 1.2 +0.6 38 +7 31 83+14
myt > 500 GeV 14 +3 44+1.6 4+3 0.6+0.3 23 +5 20 8.0+1.3
mtTOt > 550 GeV 8.9+ 1.8 2.7+1.1 1.8+13 04+0.3 14 +3 12 7.7+1.3
mt"t > 600 GeV 59+1.2 1.8 +0.8 1.1+0.8 0.1 +0.1 90+1.8 5 74+1.3
mgt > 650 GeV 4.1 +0.8 1.0£05 0705 0.1+0.1 59+1.2 3 71+1.2
mt > 700 GeV 2.8+0.6 0.6 +0.3 05+0.3 <0.1 39+0.8 0 6.7+ 1.1
mtOt > 750 GeV 19+04 05+0.3 0.3+0.2 2.8+0.6 0 6.3+1.1
mmtot >800GeV  1.4+0.3 03+02 02+0.2 20+04 ) 6.0+ 1.0
m>850GeV  1.0+£02  02+01 02+0.1
—J> 900 GeV  0.7+02 0.1+0.1 0.1+0.1

Ryan Reece (UCSC)

region with 95% CL exclusion:

total SM = 1.4 + 0.3 events

observed O events

mt©t > 850 GeV

ZL'ssm(1750) =5.6 £ 1.0



Z’—ThTh multijet background

0.14_II|III|III

" ATLAS Preliminary ]
012 fLdt=19.5f0" ]

- Is=8TeV -
0.1~ 1-prong -

* In a dijet sample, select same-sign (SS) to
remove Drell-Yann contamination.

Tau ID Fake-Factor

* measure tau |ID fake factors for the 008

sub-leading tau. 0.06%}# {

-

D 0.04] E
f (p N ) = NPas T (pT, Nirack) i :
—ID\ VT, {Vtrack) = ' 0.02; i
fail 7—ID : _
Nal T (pTaNtI'aCk) dijet B | | | | :

O L |2OO| L |4OO| L |600| L |800I L -'1 OOO

Sub-leading Tau P, [GeV]

* Predict the number of multijet events by
welghting the events failing tau ID:

Nmultijet (PT,> Nirack> X) = fr—1iD(PT> Nirack) X N fail T_IDdata(pTa Nirack s X)

Ryan Reece (UCSC) [ATLAS-CONF-2013-066] 49
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Timeline of taus at

e Nov 2010: Obseravation of ‘2 30" o714s Online Luminosity -
W=V (546 nb~1) o —oomNI -
e Feb 2011: Observation of £ — 2oizpp\s -8 Tev N
S aF 2012 (20 fb
Z—-T1T (8.5 pb~1) 5 F ( )
e July 2011: W—Tv and g 15 -
Z—TT Cross section a of E
measurements (36 pb~1) 2010 36 Pb™) Aoy (5 b )
e June 2012: SM H-TT °F E
excluded 3-4xSM at oL |
mu=125 GeV 3ot N 3 oct
[arXiv:1206.5971] ° T%V ZS(I)VI]'Z SM Hﬁ.l.STGex\clluflgedfb
: 9 X al muy= e
e 2012: Seyeral other LaxeMat mux12o (13/tb)
analyses:
MSSM H—-TT, ttwith T, H e 2013: Expecting further
ta1v. 22=71T. SUSY T improvements in updated TT
MET, ’ analysis results using the entire
+ y n 2012 data for
H—T1Tt and Z’— 1T searches.

Ryan Reece (UCSC) 51



Phenomenology of tau decays

L Z— VpZVVTT i;igz } leptonic 35.2%
G S 25.5%
T Vs 10.9%
210 v 9.3% 1 prong 49.5%
K~ (N7°) (NK°) vy 1.5%
7~ 3 v, 1.0%
— = ot
z— Z— Z+ ZB U iggz } 3 prong 15.2%

Ryan Reece (UCSC)



Current tau identification variables

Z{AR<O 1} EEM(Cei-:-)
;‘{/\R<O 2} EEM( ell)

|. Core energy fraction™ f _
core

2. Leading track momentum fraction*®

track) A R(track, jet
3. Track radius Ry = 2.{aR<0.4) P ) AR( jet)

Z{AR<O 4} pr(track)
4, Number of isolation tracks NO 2<AR<0.4
trk
dp
5. Leading track impact parameter significance S 1ead track = ——
o U d,
| o | 7 ight
6. Transverse flight path significance g flight _ T
T o
Lﬂlght

/. Mass of track system !

8. Maximum AR between jet-axis and core tracks

*has pile-up correction term linear in N(vertex)
Ryan Reece (UCSC)
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ATLAS Online Luminosity
@ Vs=8TeV,|Ldt=2081b", <qu> =207
[ Vs=7TeV,|Ldt=52f" qu>= 9.1

180
160
140
120
100
80
60
40

* [-40 pile-up interactions / crossing =

AN T
,- @}:\v"'fx”‘e?; 2o
%

Recorded Luminosity [pb0.1]

10 15 20 25 30 35 40
e [he additional tracks and clusters Mean Number of Interactions per Crossing

from pile-up are especially challenging

-h_llI|III|III|III|III|III|IIIIII|III|~

OO
&)

5

e for tau identification, which discriminates hadronic tau decays from jets
with isolation-related track and calorimeter quantities.

e Efforts in 201 1-2012 involved re-defining or adding corrections to
identification variables to be more robust against the increasing

pile-up.

Ryan Reece (UCSC) [https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults] 54
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Tau vertex association

Tau track selection

e pr>1GeV,

* The do and zo requirements depend on
the choice of vertex.
- | * Beginning in 2012, choose the vertex
e Number of pixel hits + number of SCT hits > 7,

dol < 1.0 with the highest JVF for that tau
® o] < 1.0 mm,

candidate.
‘

e Number of pixel hits > 2,

\ "let Vertex Fraction”
JVF(jet, vertex) =
= Z pr(track)

to jet and Vertex

—>
Z T(track)

{ tracks matched

{ tracks matched

to jet
3

_beam|ine

pile-
“F\vertex Prima
Vef'tex




Track selection

1

y

0.8 —— £

0.95 .
0.9 0.7 ® u=0 _E
0.85 0.6 A u=20 -

1=20 with TJVA

ATLAS Preliminary
Simulation

0.5

0.75 0.4

0.3

Default (201 1)

o
~
Number of selected 7, .

Track selection efficienc
o
oo
+

TIVA (2012) -

Illllllllllmlllllllllll

0.65 ATLAS Preliminary true |-prong tau
Simulation 0.2
0.6 -
0.55 0.15— v I —
IS I A A I NI AT A O_ | | e Y
0'50 5 10 15 20 25 30 35 40 0 1 2 3 4
w Number of tracks

e |n 2011, the track selection for tau candidates cut on the do and zo
with respect to the vertex with the highest > pt2.

* Selecting the vertex with the highest JVF recovers efficiency in high
pile-up (Tau Jet Vertex Association).

Ryan Reece (UCSC) [ATLAS-CONF-2012-142] 56



Pile-up robust variables

* Beginning in 2012, the core energy fraction is
used instead of Rem, which has less pile-up
dependence by using the ratio of energies in

underlying
event

tau

pile-up

smaller AR cones of 0.1 and 0.2.
EM . .
Il ‘l‘l h fo = Z{AR<O.1} Er™(cell)  Jinear pile-up
core — EM correction
Z{AR<O.2} ET™ (cell)
+ (0.3%/vertex) x N(vertex)

'"‘x\fax)he > 12—
\ e - 1 Prong —— BDT loose g
.S_JJ 1— p >20GeV, <23 —« BDT medium
count calculate E - . BDT tight -
# tracks ReM, Rirack = 0.8~ ]
INn cone INn cone = i 3
O ke Aok Ak Ak A . |
& 06: :
> 0 0.2:— _:
— 02 0.4 - ATLAS Preliminary 2012 )

: oo b v b e b e b e b

AR % 5 10 15 20 25 30

Ryan Reece (UCSC) [ATLAS-CONF-201 1-152] 57



Tau triggering

. Level I: (latency 2.5 ps)

Coarse EM+Had calorimeter trigger towers
AnxA = 0.1x0.1. Candidate passing

thresholds on the sum of energies:

|, highest 2x | towers
2. surrounding 4%x4 isolation ring

/. Level 2: (latency 40 ms)

Fast tracking. Region-of-interest (Rol)
calculation of track- and calorimeter-based 1D

variables. Similar selection to offline cut-based
1D.

3. Event Filter: (latency 4 s)
Beginning in 2012, started using the offline

BDT algorithm at the EF trigger.

Ryan Reece (UCSC)

===
(1 (4
U [ W
Hadronic
== 7’ calorimeter

Electromagnetic

calorimeter

Trigger towers /(An xAp=0.1x0.1)
I_ T 1T | T T TT | T T TT | T T TT | T TTT | T T TT | IIIIIIIIIIIIIIII
S i i
o i ]
= U o okl -
> B = A - |
I :
2 0-8_ - *:-.-_._ ¢ ]
. i xe -
= - . ATLAS Preliminary -
= 06 : 1—
g o= Data 2012,fL dt=28fb" :
() - N -
S 0.4 . tau20_medium1 —
Yo =L ]

0.2~ * | 1+L2 o
- ¢ - L1+L2+EF -
L _‘_ L1 11 | L1 11 | L 111 | L1 11 | L 111 | L 111 | L 111 | L 111 1
OO 10 20 30 40 50 60 70 80 90 100

Offline t P, [GeV]
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Tau TriggerPublicResults
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ldentification efficiency

* Tag-and-probe: sclecting a sample of a known composition wrthout
some |D, so one can probe Its efficiency.

* forthe case of tau ID, select Z=TT—=UTh3V by triggering on the muon
and selecting events with muon + tau candidate.

a [ T T T T L L L L B LR BN I
B f After I au ID “w 1.6— ATLAS Preliminary $— Data 2011 —
e ore S R, 1 4 1-Prong, BDT Medium e Zorr i
1400_ . L. ] N -1 ' ]
> Frr T @ - After medium BDT ID ATLAS Preliminary — dtL=3.6fb", {s=7 TeV .
8 4500E Before Tau ID f 1200__ Inclusive fdtL=1.8 fo! E 1.2__ MC Stat. + Measur. Syst. Uncert. —
0 4000 |nclusive ‘% - ‘ ls=7TeV i 1:_ ]
" = $ 1000~ —e— Data early 2011 — ]
£ 3500 1] ) Zore ] - .
g C ) W—uv ] 08__ ]
L SOOO:— @ Multi-jet ’ — 7
- B Z-u u 0.6= + —
2500 [T :i—i——t—h.m < ~ .
= Bl Z—>77 (mis-ID) il ®-----

— 0.4
2000: Bl . T .
1500;_ - . ;. —_— ! ....................................... ;
1000E- =20 40 60 80 100 120 140 160 180 200 | S 1-BE s e —
- W ——— 3
- m(u,r,....) [GeV] g 1 e D Lt e —
500__ had-vis 89 o =
Z W D —
Ole = , 3
0O 20 40 60 80 100 120 140 160 180 200 15 50 55 30 35 20 45 50 55 60

M, 7, y.,0) [GEV] P (Tpaguis) [GEV]
* Scale factor = |, known to a few percent, 2-3% (|-prong),
5-6% multi-prong.
Ryan Reece (UCSC) [ATLAS-CONF-2012-142] 59



Electron veto

* Electrons provide a track and
calorimeter deposit that can fake
hadronic tau decay identification.

0.25[~ Z—w p.>20 GeV
B Z—ee T

0.2

ATLAS Preliminary

example variable: TRT-

“® L high threshold fraction

Sample Fraction / 0.02

e ATLAS provides a BDT to
discriminate electrons from tau
candidates, even after removing 0.05
overlaps with selected electrons.

0.1

I IIIIIIIIS
S S S S,
S S S S S S

0008777

* Tight/Medium/Loose working points fHT

are defined (=7/5%, 85%, 95%
efficient).

—
o
w
]

K ght

medium

—
o
V)

e [n2012,the BDT is being re-
optimized to have better efficiency at

high-pr.

BDT-based electron veto

O
O
W
| ||||(|D

-
o

Inverse Background Efficiency

ATLAS Preliminary Simulation
1 prong o >20 GeV Inl<20
1 1 | 1 1 1 1 | 1 1 | 1 1 1
0.5 0.6 O 7 0. 8 0. 9 1

Signal Efficiency

Ryan Reece (UCSC) [ATLAS-CONF-201-152, ATLAS-CONF-2012-142] 60
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Electron veto fake rate

10°

X

%) 70 i T | |||||||||||||||||||| | LI | T T 17T | T T 17T | T T : % 1 80 :" T T | T T 17T | |||||||||||| | T T 17T | T T 17T | T T 1T | T T 17T | T '|:
O - ATLAS Preliminary - © 160F ATLAS Preliminary -
® 60 ® - % - + N
2 F Vs=7TeV, [dtL=43f" = 1401~ + + Vs=7TeV, [dtL=43fb" =
- - — c o ]
W S0 E W20 + H loose BDT tau ID B
200 E 100 # + ﬁ medium BDT electron ID E
- . 80 + =
30 e Data2011 0 :j e Data 2011 .
20F- [Jz—ee = : + [z—ee -
- - # E
10F E 200 *mq»ﬂ#ﬁﬁ# oo st
- L 111 | | T | | L1 11 | L1 : : L1 11 | L1 11 | L 111 | | I T | | L1 1 1 ’wJ{

%O 60 70 80 90 100 110 120 130 140 150 %0 60 70 80 90 100 110 120 130 140 150
m . Vv
m(e,'Chad_viS) [GeV] (e’rhad-V|s) [GeV]

* Jag e + tau candidates
data/MC scale factor and uncertainty
from Z—ee tag-and-probe with 2.6/fb from 201 |

* Probe the e-veto
efficiency after removing
overlap with selected ml<. . <mli<. . <mhli<. Wl>.
electrons, oose :

+ H

+
medium +

e Statistically limited by the sampretnat pass tne veto, giving uncertamntes

~ 50-100%.
* Improving with the data added in 201 2.

Ryan Reece (UCSC) [ATLAS-CONF-2012-142] 61



Energy scale

(] [ (]

Response functions = Scale uncertainties
() 2T T T T T T T T T T T P . L ' ' ' ' ' ' ' ' _]
o T | e £ - ATLAS Preliminary 2011 Data + Simulation 3
S i .IOO 9< i <03 ATLAS Preliminary g 0.07 s=7TeV =
g 115~ = 82 < :7]: < (1)_6 Simulation ] § 0.06 E_ 1 prong decays O  Single particle resp. 0 Material modeling _E
B » Vo=l 7] S . ]
+1 =nl<13 T - Inl<0.3 X Underlying event A Non-closure =
- o 1.3=sl<16 ~\s=7TeV . CC> 0.05 —
1 '1__ 1.6 <M ] B — vV Pile-Up Total uncertainty 3
- - ] - ]
: : = 0.04E -
1.05- . 0.03 ~3% —
;i% E : 0.02F B A A
. . , - — 1 O O _
1= : - O O -
Z / _ 0.01F A ot ot X X A % —
; : E X k%X oV i

095 ! 1 1 1 Lo | 1 1 1 ! O L L L L L L L L
50 30 40 102 5510 20 30 40 50 60 7080 100 200

E:eco [GeV] Pfr [GeV]

* [au candidates are first brought from the EM to the Jet Energy Scale with LC
calibration of the clusters within AR < 0.2 (from 0.4 to be pile-up robust).

* Then response functions are calibrated with tau Monte Carlo to make final
corrections of a few percent.

* Uncertainties are determined by smearing the Monte Carlo truth according the
tau decays true composition, using uncertainties constrained by single particle

response measurements (CTB, E/p, Z—ee/TtV-resp.)

Ryan Reece (UCSC) [ATLAS-CONF-2012-054] 62



Energy scale cross

e Tau energy scale is ... scale shifted -10%
. . . > ]
manually shifted in the modeling. g0l . ATLAS Preliminary -
1016001 (s=7TeV -
e Median of the visible mass 1400 [rot=a26m" Data 2011
' ' ' "E1200:— B —
peak I1s used to decide which 10000 — 1 N
scale matches the data. 8001 EZ-pn -
6001 COW—=uv
, 4005_ B Multijet E
* Joy experiments are used 5 (Z—1r
: . 200F- .. * Data E

to estimate the uncertainty. OFeu =

0 20 40 60 80 100 120 140160180 200
VIS( ) had) [GeV]

In| best scale uncert. _ 2000 best flt +| 5% S
0.0-0.8 -1 5% 3 3% (51800 ‘ ATLAS Prellmmary =
A . T e 01600F 4l (s=7Tev E
dgupTonsisterl] wgEn | withipgggle- | Buoo. det=4_26fb-1Datazm1—;
- T D. LI-':1200— i —

1000t~ -%V%'cv —

: : 800 CIZ—=uwn —

* May become primary method with more gt Wy G
C| t E I Multijet E
dld. 400 (1Z -1t ]
200~ Lt ”Data E
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Jet width for quark/

Why do quarks and gluons have different tau fake-rates!

U(r =0.1) for 200 GeV Jets

e Y(r) = fraction of jet = BQuark
-y = 8-
energy within AR < r. S =Gluon
N
. 6
e Quark jets are more % i
narrow than gluon jets ©,
of the same energy. :
Jf
e Tau identification prefers -
narrow candidates. A ¥ S S e—

Iofftegra%éd J eto 6Shape 0(0.1)
e This is consistent with samples of quark-enriched
jets, like W+jet, having higher fake-rates.

J. Gallicchio, M. Schwartz. “Quark and Gluon Tagging at the LHC”. arXiv:1106.3076.
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OS vs SS W+jet

How does the quark/gluon fraction vary among samples!

L eading order W+jet production:

;9 Q000——q  1———00000 ¢

q
M \ '
g W ¢ —— N\ W I ——<—N\NN\ W

(a) (b) (c)

The charge of the quark should correlate with the reconstructed

charge of the tau candidate, therefore (a) and (b) preferably
produce opposlite sign VW+jet events.

¢ OS and 55 will have different quark/gluon fractions.
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Madgraph predicted Quark/Gluon

Fake factors more quark-like at very high-pt

100%| e -
: G :
80% ./.—.\0-\.—. 80% G
60% 60%
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20% w/z+. | 20% b'b' iet
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100%: s . 100% - .
j j GGG
80%|- 80%/-
40% 40%}
20%r 20%"
f ? QQQ
0% I I I I I | 0% *— —@ 1' L4 *— —e— P
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J. Gallicchio, M. Schwartz. “Pure Samples of Quark and Gluon Jets at the LHC”. arXiv:1104.1175
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CMS vs ATLAS tau

ATLAS

pile-up UE

"
“
L d

Count # tracks
in core cone

Isolation
annulus

* Threco seeded by calorimeter jets

* Hadronic decays dominantly to | or 3 T1*
and possibly a few additional TT%
* Decay in beam-pipe: cT = 8/ ym

CMS

H HCAL

neutral Clusters
hadron : : HH detector

* particle-flow reconstructs constituent 4-vectors

* associate tracks in AR < 0.2, select | or 3 * Th reco seeded by particle-flow hadrons

* combine calorimeter and tracking
information in a BDT or likelihood

* Hadron Plus Strip (HPS) algorithm for counting
1%

discriminant, preferring narrow clustering, * isolation cone for rejecting QCD jets

hadronic activity

Ryan Reece (UCSC)
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