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Low scales, high cross section:
Inelastic cross section & rapidity gaps
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Jets at the highest scales

* Highest transverse
momentum jets; at
the TeV scale

. arXiv:1009.5908 (EPJC),arXiv:
1112.6297 (PRD)

. arXiv:1106.0208 (PRL)
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Jets at the highest scales

* Highest transverse 31 ATeas|l [, esr o
momentum jets; at 3 1 [t et (5_7 Tov
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Jets as a probe of the proton

e Use 2.76 TeV CM
data to measure ¥ - 13
cross sections. = b= %
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Jets as a probe of the proton

e Use 2.76 TeV CM
data to measure
Cross sections.
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Jets as a probe of the proton

* |llustrative fit to HERA

and ATLAS data gast s, ATLAS -

2 5 =

 Valence quarks o S E
heavily constrained & E
by HERA 0'5;_ g EEEQLZ}I'LASJ:ets R=0.6 fit . _;

_ 0 . HERAYATLAS i 7 oV A0 :

* High xgluonandsea . —=———s——== -
quarks modified by P E N -
addition of ATLAS M. -

10° 1072 10"

-

data

ATLAS-CONF-2012-128



Running of the strong coupling
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Jet properties

* Final stage of jet structure is “soft” non-perturbative
QCD.

Formation of hadrons from gluons, 100 MeV energy scales (Aqcp)

* Vast phase space between quark-gluon scatter
(100’s GeV, few TeV) and Aqcp

* Most of jet substructure can be analysed
perturbatively

« EWSB scale (~100 GeV) lies in this region

- Jets may contain objects with EW-scale mass (W,Z,H,t,?)



Jet “grooming” and subjets
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Jet grooming and subjets

* k. scale, N-subjettiness
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Vector bosons and (b) jets
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Lepton pairs
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A word on Photons

» Similar physics,

complementary systematics

to jet studies

« Key background for Higgs
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A word on Photons

» Similar physics,
complementary systematics
to jet studies

« Key background for Higgs

* Diphoton + jet measurements
badly needed!
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(Parenthesis)

* First measurements of minimum bias, charged
particle multiplicities, underlying event all vital
for this precision.

» Underlying event contribution from double-
parton-interactions
Rare “clean” events
Probes confinement in a new way

Significant background to some exotica (like-sign
etc)



Double-parton interactions
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Discovery



Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST
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WZ/WW resonances
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Substructure in searches (boosted
top, boosted W)
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Substructure in searches
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ATLAS SUSY Searches*

Inclusive Searches

g med.

3 gen.

3 gen. squarks
direct production

EW
direct

Long-lived
particles

RPV

Other

- 95% CL Lower Limits

i

ATLAS Preliminary

[Ldt=(4.4-229) b

Model e 7.y Jets ET™ [rdt[b™] Mass limit
T T T — T T T ——
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 Q.8 1.7TeV m(g)=m(g)
MSUGRA/CMSSM leypu 3-6 jets Yes 20.3 g 1.2 TeV any m(q)
MSUGRA/CMSSM 0 7-10jets  Yes 203 |g& 1.1 TeV any m(g)
34, G—qts 0 26jets  Yes 203 |& 740 GeV m(¥})=0 GeV
&g, E-qavs 0 26jets  Yes 203 |& 1.3 TeV m(¥9)=0 GeV
g&. g-qq¥1 »qqW* v 1epu 3-6jets Yes  20.3 g 1.18 TeV m(¥])<200 GeV, m(¥*)=0.5(m(¥} )+m(7))
8&—aqqqle(C0)XaXs 2e,u(SS) 3jets  Yes 207 |& 1.1 TeV m(P3)<650 GeV
GMSB (7 NLSP) 2e,u 2-4jets  Yes 4.7 g 1.24 TeV tang<15
GMSB (7 NLSP) 1271 0-2jets Yes 207 |& 1.4 TeV tang >18
GGM (bino NLSP) 2y 0 Yes 4.8 g 1.07 TeV m(¥7)>50 GeV
GGM (wino NLSP) 1eu+y 0 Yes 48 g 619 GeV m(¥})>50 GeV
GGM (higgsino-bino NLSP) Y 1b Yes 48 g 900 GeV m(¥])>220 GeV
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 g 690 GeV m(H)>200 GeV
Gravitino LSP 0 mono-jet  Yes 10.5 F1/2 gcale 645 GeV m(g)>10"* eV
g—bbt) 0 3b Yes 201 |& 1.2 TeV m(¥3)<600 GeV
P 0 7-10jets  Yes 203 |& 1.14 TeV m(¥}) <200GeV
gttty 0-1e,pu 3b Yes 201 |& 1.34 TeV m(¥1)<400 GeV
g—-btvy 0-1epu 3b Yes  20.1 g 1.3 TeV m(¥3)<300 GeV
byby, blﬂbh 0 2b Yes 201 | b 100-630 GeV m(¥1)<100 GeV
by by, by —t¥; 2e,u(SS) 03b Yes 207 |by 430 GeV m(¥)=2 m(¥?)
1)ty (light), ;= bV 1-2e,pu 1-2b Yes 47 t 167 GeV m(¥})=55GeV
1, 1 (light), F1— WhTY 1 2e,pu 0-2jets  Yes 20.3 t 220 GeV m(¥7) =m(%;)-m(W)-50 GeV, m(f; )<<m(¥;)
1 f1(medium), tl—ot\l 2e,pu 2 jets Yes 20.3 f 225-525 GeV m(t})=0 GeV
1 f1(medium), t;—b¥; 0 2b Yes 20.1 t 150-580 GeV m(¥1)<200 GeV, m(¥7)-m(¥})=5GeV
tifi(heavy), f—tX Tepu 1b Yes 207 |4 200-610 GeV m(¥])=0 GeV
i, f (heavy), f — ¢l 0 2b Yes 205 | 320-660 GeV m(¥1)=0 GeV
11, hoehy 0  mono-jet/c-tag Yes 20.3 t 200 GeV m(%)-m(¥7)<85 GeV
t, ) (natural GMSB) 2e,u(2) 1b Yes  20.7 t 500 GeV m(¥3)>150 GeV
b, b=t + Z 3eu(2) 1b Yes  20.7 t 520 GeV m(f;)=m(¥])+180 GeV
i RlLR, E— 7Y 2ep 0 Yes 203 |7 85-315 GeV m(i2)=0 GeV
VL X1, X —0v(67) 2e,pu 0 Yes  20.3 Yy 125-450 GeV m(l,) =0 GeV, m(Z, #)=0.5(m(¥; }+m(t}))
Yy \'0(. Yi —v(17) 27 0 Yes 207 | X} 180-330 GeV m(\,) =0 GeV, m(7, #)=0.5(m(¥i)+m(1))
YIXo =0 vl (), (VE E(7v) 3epu 0 Yes  20.7 },*,X/g 600 GeV m(¥; )=m(¥3) m(l.) (77\') 0.5(m(¥; )+m(¥}))
f{\ngW T?Z'f? 3eu 0 Yes 20.7 i 315 GeV m(¥})=m(¥3), m(f )=0, sleptons decoupled
Direct ¥1 {7 prod., long-lived ¥; ~ Disapp. trk 1 jet Yes 203 |& 270 GeV m(¥1)-m(¥7)=160 MeV, r(¥1)=0.2 ns
Stable, stopped g R hadron 0 1-5jets  Yes 229 g 857 GeV ¥1)=100 GeV, 10 us<7(g)<1000 s
GMSB, stable X l—vr(e f)+t(e,u) 121 0 - 15.9 B 475 GeV <50
GMSB lla\ /G, long-lived ] 2y 0 Yes 47 ,\"9 230 GeV
% 1—’ch (RPV) 1u 0 Yes 4.4 q 700 GeV 1 mm<cr<1 m, g decoupled
LFV pp—v; + X, V;—e +u 2epu 0 - 4.6 Ve 1.61 TeV A3,=0.10, 4;3,=0.05
LFV pp—¥: + X, #r—e(u) + Teu+t 0 - 46 | 1.1 TeV 45,,=0.10, 2y(2)33=0.05
Bilinear RPV CMSSM 1epu 7 jets Yes 4.7 a8 1.2 TeV m(g)=m(g), ctsp<1 mm
\1 \1 \1 —~Wn \1—»ee\ﬂ euv. 4epu 0 Yes 207 |X 760 GeV m(¥1)>300 GeV, Ay21>0
U0 W Florrve, erv, Beu+T 0 Yes 207 |X 350 GeV m(¥1)>80 GeV, ;3350
g—qqq 0 6 jets - 46 |& 666 GeV
g—tt, {i—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV
Scalar gluon 0 4 jets - 4.6 sgluon 100-287 GeV incl. limit from 1110.2693
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 M* scale 704 GeV m(y)<80 GeV, limit of<687 GeV for D8
PR S S A | " " " PR R ST R | " L " PR T BT
Vs=7TeV | {5=8TeV  5=8TeV 107! 1
fulldata  partialdata  full data Mass scale [TeV]

\s=7,8TeV
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ATLAS-CONF-2013-047
ATLAS-CONF-2013-062
ATLAS-CONF-2013-054
ATLAS-CONF-2013-047
ATLAS-CONF-2013-047
ATLAS-CONF-2013-062
ATLAS-CONF-2013-007
1208.4688
ATLAS-CONF-2013-026
1209.0753
ATLAS-CONF-2012-144
1211.1167
ATLAS-CONF-2012-152
ATLAS-CONF-2012-147

ATLAS-CONF-2013-061
ATLAS-CONF-2013-054
ATLAS-CONF-2013-061
ATLAS-CONF-2013-061

ATLAS-CONF-2013-053
ATLAS-CONF-2013-007
1208.4305, 1209.2102
ATLAS-CONF-2013-048
ATLAS-CONF-2013-065
ATLAS-CONF-2013-053
ATLAS-CONF-2013-037
ATLAS-CONF-2013-024
ATLAS-CONF-2013-068
ATLAS-CONF-2013-025
ATLAS-CONF-2013-025

ATLAS-CONF-2013-049
ATLAS-CONF-2013-049
ATLAS-CONF-2013-028
ATLAS-CONF-2013-035
ATLAS-CONF-2013-035

ATLAS-CONF-2013-069

ATLAS-CONF-2013-057

ATLAS-CONF-2013-058
1304.6310
1210.7451

1212.1272
1212.1272
ATLAS-CONF-2012-140
ATLAS-CONF-2013-036
ATLAS-CONF-2013-036
1210.4813
ATLAS-CONF-2013-007

1210.4826
ATLAS-CONF-2012-147



Large ED (ADD) : monojet + £, ..
Large ED (ADD) : monophoton + E,
Large ED (ADD) : diphoton & dilepton, m
UED : diphoton + E, ...

S'iz, ED : dilepton,m
RS1 : dilepton, m,
RS1 : WW resonance, my
Bulk RS : ZZ resonance, m,,

RS g — ti (BR=0.925) : ti — I+jets, m
ADD BH (M., /M,,=3) : SS dimuon, N, .
ADD BH (M ‘M =3) : leptons + Jets rp
Ouantum black hole : dijet, F’(m J
ggqq contact interaction : ,((m )

'S qqll Cl : ee &y, m
uutt Cl : SS dilepton + jets + E
Z'(SSM) :m_,,,
Z' (SSM) : m..
Z' (leptophobic topcolor) : tt — |+jets, m
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T, mess

> W' (SSM) :m, "
N' (= tq, g _=1):m,
W' (= tb, LREM) : m,
o Scalar LQ pair (5=1) : k|n vars. in eejj, ev”
' Scalar LQ pair (5=1) : kin. vars. in uujj, wvijj
Scalar LQ palrfp 1) : kin. vars. in 7tjj, Tvijj
@ " generation : 't — WbWb
=+ 4th generation: b'b' — S dilepton + jets + E
23 Vector-like quark : TT— HUX-
= Vector-like quark : CC,m,,

‘ Excited quarks : y-jet resonance, m "
G E Excited quarks : dijet resonance, m‘;
lﬁ B Excited b quark : W-t resonance, m,,

Excited leptons : |-y resonance, m.

Techni-hadrons (LSTC) : dilepton, m_,,,
Techni-hadrons (LSTC) : WZ resonance (vIl), m.,
" Major. neutr. (LRSM, no mixing) : 2-lep + jets
L Heavy Iepton N" (type Ill seesaw) : Z-l resonance, m,,
S H™ (DY prod., BR(H =ll)=1) : SS ee (L), m

Color octet scalar : dijet resonance, m

Multi-charged particles (DY prod.) : highly ionizing tracks
Magnetic monopoles (DY prod.) : highly ionizing tracks
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*Only a selection of the available mass limits on new stat

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

T T T T 111 T
L=4.7 1b”, 7 TeV [1210.4494)

L=4.61b", 7 TeV [1209.4625)
L=4.7b", 7 TeV [1211.1150)
L=4.81b", 7 TeV [1209.0753)
L=5.01b", 7 TeV [1209.2535)

IlIIIIII I I 1T T TTTI I T T TTTI

43rTeV. M, (5=2)
18371V M (5=2)
4a18Tev. M. (HLZ 5=3, NLO)
140Tev. Compact. scale R
anTev M, ~R’

ATLAS

Preliminary

£=20 ", 8 TeV [ATLAS-CONF-2013-017]

247 71ev. Graviton mass (k/Mp, = 0.1)

L=5.01b", 7 TeV [1211.1150)

L=4.7 tb”, 7 TeV [1208.2880) 1.23Tev. Graviton mass (k/My = 0.1)

L=7.21b", 8 TeV [ATLAS-CONF-2012-150] 850 GeV_ Graviton mass (k/M, = 1.0) jl-d( =(1-20) fo!
L=4.7 b, 7 TeV [1305.2756) 207TeV. g mass

L=1.31b", 7 TeV [1111.0080) 125TeV. M, (5= 6) E =7.8TeV
L=1.01b", 7 TeV [1204.4646) 15TeV M, (5=6)

L=4.7 tb”, 7 TeV [1210.1718) anTev. M, (5=6)

L=4.81b", 7 TeV [1210.1718) 76TeV A

139TeV A (constructive int.)

L=14.3 'b"l 8 TeV [ATLAS-CONF-2013-051)

33TeV. A (C=1)

L=20 fb”, 8 TeV [ATLAS-CONF-2013-017]

286 TeV 7' mass

L=4.71b”, 7 TeV [1210.6604)

14TeV Z' mass

L=14.3 1b”, 8 TeV [ATLAS-CONF-2013-052)

18TeV Z' mass

L=4.7 1b”, 7 TeV [1209.4446)
L=4.7 fb”, 7 TeV [1209.6593]

255Tev W' mass
430 GeV W' mass

L=14.3 fb”, 8 TeV [ATLAS-CONF-2013-050)

184 TeV W' mass

L=1.01b", 7 TeV [1112.4828)
L=1.01b", 7 TeV [1203.3172)
L=4.7 tb", 7 TeV [1303.0526)
L=4.71b”, 7 TeV [1210.5468)

e60Gev T gen. LQ mass

e85Gev 2" gen. LQ mass
534Gev 3" gen. LQ mass

656 Gev ' mass

L=14.3 b, 8 TeV [ATLAS-CONF-2013-051)

720 GeV b' mass

L=14.3 1b"i 8 TeV [ATLAS-CONF-2013-018]

790 GeV_ T mass (isospin doublet)

L=4.61b", 7 TeV [ATLAS-CONF-2012-137)
L=21 b, 7 TeV [1112.3580)

112Tev. VLQ mass (charge -1/3, coupling x
246TeV Q" mass

=vimg)

L=13.0 1b™, 8 TeV [ATLAS-CONF-2012-148)

384TeV Q' Mass

L=4.7 tb”, 7 TeV [1301.1583)

870 Gev  b* mass (left-handed coupling)

L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-146)

227eV_ |* mass (A = m(l*))

p,/o, mass (mip Jo.) - min) = M)

p_mass (m(p y=Emin) +my, m(aT) = 1.1m(pT)]
N mass (m(W o = 2TeV)

N mass (|V_| = 0.055, |V | = 0.063, |V|—01

H:* mass (limit at 398 GeV for uu)

Scalar resonance mass

mass (|g| = 4e)

r[\ass
L 111 | | |

10"
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And finally... what do we actually
measure?

» Difference between “efficiency corrections” or
“unfolding”, and “acceptance corrections”.

The first two generally mean correction for detector
effects which no one but the experimentalists can
do.

The third means extrapolating into kinematic regions
which have not been measured at all

* Beware of the third, especially as we go to
higher energies...



Unfold

23/11/2012

Jon Butterworth, UK HEP Forum
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Increase
acceptance

23/11/2012

Jon Butterworth, UK HEP Forum
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Increase
acceptance

Jon Butterworth, UK HEP Forum
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But how
reliably?

Jon Butterworth, UK HEP Forum






And finally... what do we actually
measure?

» Defining a region in which acceptance is
~100%,









For example... WW cross section

 ATLAS WW cross section (toe, u), 7 TeV

- efficiency/detector corrections to obtain fiducial cross
section, 0.4-0.7

« acceptance (phase space), 0.07-0.16

» That missing 90% is stuff we don’t measure

* The efficiency/detector efficiency won't change
much at 13 TeV

* The acceptance may well drop further

» Garbage in, garbage out.



For example... Top cross section

« Current measurements extrapolate to 4x, 4 TeV>p>0

« Often not even possible to extract the acceptance
from the papers (convoluted with efficiencies and
migrations)

* Means for some, non-trivially-different, regions of
phase space, we are just buying the theory

* Will be even more of a problem at higher beam
energies.

» (see LHC Top Working group discussions, e.g. talk by
Will Bell, 19/7/2012 )



"Looking and not finding

- is not the same as not looking!”’ The
- Hiranya Peiris, Cosmologist beg i n n i n g Of
physics
CERN CERN above the
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