Drell-Yan process Low-Q Drell-Yan

Vector boson production
in hadron-hadron scattering
(Drell-Yan-like processes)

Pavel Nadolsky

Southern Methodist University
Dallas, Texas

July 12, 2011

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 1



Drell-Yan process

Lo

w-Q Drell-Yar

Hard
cross
section

Drell-Yan production of lepton
pairs

Pavel Nadolsky (SMU)

CTEQ summer school July 12,2011 2



Drell-Yan process Low-Q Drell-Yan

DY-like processes: 4(p.)B(ps) — (V(g) — viva...) X

Notations

B A, B - initial-state hadrons
(p, ﬁ, n, ﬂUC|ei, T, ) QCI')];:s;jtral

particle(s)

B V - afinal-state QCD-neutral  yadron D
A

system (a vector boson or

boson pair with mass @ > Agcp)

section

H v, v,— observed particles from
decay of V (e.g.. leptons) Hadron Y |
B
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Drell-Yan process Low-Q Drell-Yar

DY-like processes: 4(p.)B(ps) — (V(g) — viva...) X

DY-like processes are ubiquitous
B AB — (v, Z - (t07)X

—-neutral
(with £ = e, 1) Qfﬁiiimts)
B AB — (W — fyZ)X Hat/‘l\ron .’
BAB - VVX

(with V =~, W, Z,..)
B AB — Higgs + X (F. Petriello)

B AB — VBS]MX
(WITh VBSJ\/] = Z/,
Randall-Sundrum graviton, etc.)

section
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Drell-Yan process

DY-like processes: A(p.)B(pz) — (V(g) — v1v2..)X

DY-like processes are "simple"

B V does not interact with
final-state hadrons, which are
summed over in cross sections

QCD-neutral
heavy
particle(s)

Hat/‘l\ron .’
= NO dependence on
final-state nonperturbative
functions

Hard
cross
section

B QCD factorization is proved 1O  Hadron )|
0 B
all orders in «, for a number of
DY observables
» (In many other processes,

factorization is only a plausible
conjecture)
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Drell-Yan process ow-Q Drell-Yan

DY-like processes: 4(p.)B(ps) — (V(g) — viva...) X

Example: factorization for the
total cross section

do QCII)‘—neutraI
Lo, = eavy
dQ particle(s)

Zub[ fa/A 5 Q)fb/B(g?Q)CCIIL&)7 Hat/‘l\ron .’
where

Q is the invariant mass of V;

section

T=0Q%?/s;

Q / Hagron .’
o is the hard-scattering cross
section (calculated as a series X
in the QCD coupling ay);

faya(§; 1) and fy,p(7/€, 1) are
parton distribution functions
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Drell-Yan process Low-Q Drell-Yan

DY-like processes: 4(p.)B(ps) — (V(g) — viva...) X

DY-like processes produced

many important discoveries

QCD-neutral
heavy
particle(s)

B early confirmation of the
parton model

Hat/‘l\ron .’

Bl discovery of heavy quarks
(which ones?) Cross

section

B discovery of massive Carriers  jadron D3
of weak force (W and %) .

Modern DY experiments pro-
vide most precise QCD tests at
hadron colliders
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Drell-Yan process

w-Q Drell-Yar

W and Z cross sections at the LHC
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Measurement of oy, and o4
confirms the validity of
perturbative QCD at /s = 7 TeV
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Drell-Yan process Low-Q Drell-Yar

Final states in DY-like processes

Z :
v J Y W‘Ll H Z ‘Grg---
1t 1
c b t
1970's 1980's 2000's Present Year

Explore the DY-like processes as a func-
tion of Q = My, the invariant mass of
the heavy EW state

T d&ab

dQ2 Z/ Efa/A £,Q) fb/B(E Q)rQ?
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Drell-Yan process Low-Q Drell-Yar

Typical parton momentum fractions

LHC Tevatron RHIC Q=16 GeV,
, (14 TeV) (1.96 TeV)
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TAB = \/ge

Born level: pi = zaply,
L L
Py = TBPp

0.1

102
N Typical rapidifies in the

10% experiment: |y| < 2

104 | B experiments at higher

energies are sensitive
to PDF’s at smaller x
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Low-Q Drell-Yan

Final states in DY-like processes

" Jy |y

Z
H
| s
|
1

pN 25 - X at Q < 20 GeV
B Continuous v* cross section

B Multiple quarkonium resonances
(studied by non-relativistic QCD, not in the PDF fit)

A J/9 (co)-foundin ete™ scattering (1974)

A T (bb)-foundin pN — ptp~ X
(FNAL-E288, 1977)
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Drell-Yan process Low-Q Drell-Yan

I/, T - upmees
resonances

shown with
better
resolution
(FNAL-E866)

2351

3 Webb (E866), hep-ex/0301031
|
45 % 85§ 95 1005 11 15

My
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Drell-Yan process Low-Q Drell-Yan

Scaling of the continuum cross section
S. Drell, T. M. Yan, 1970

S;i; ~ Lqp(7) - const
e+
Hat}l\ron .’
B L, (7) is the “parton luminosity”, Hard
originally derived from DIS functions; section
depends only on 7 if the InQ Hagron [ |
dependence is neglected
| Il — |
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Drell-Yan process Low-Q Drell-Yan

Scaling of the continuum cross section
S. Drell, T. M. Yan, 1970

s 4o
dQ?

B Compare to the Born cross section:

do _ 4magy
d@?) ;o 3N.Q2s

X Z / |:fq /46, Q) fa /B(g , Q) JFer,/A(ng)fqi/B(%a

~ Lqp(7) - const

Q)|

i=u,d,s,.

£(7)

with N. = 3, agy = €?/(47), ee; is the fractional quark charge
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Scaling of the low-(Q) data

103

Drell-Yan pair production in pp scattering

VS =63 GeV ]Th'
V5 =53 IS
VE =28 Cobb et al | ¥PeTiment
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Drell-Yan process

NLO corrections and the K-factor
Tau-scaling works because radiative corrections to ¢q — VX are

relatively constant at x ~ 0.1

SCALING FORM OF THE CROSS—~SECTION

— — ——r
3 E N PN =g X j
,,{ [ M 4
>

3 L J
2

Em"‘_— E
3t

B L

o

%‘i

-

T

£288
oL O vs=19.4 Gev u
E & vs=238 Gev E
r 0 Vs=27.4 Gev 1
L o
1o L
a.1 a.z 0.3 04 0.5
Mess, vr
s

A useful estimate

d d
= (dQZ)LO () Knio(@),

where Knro = 1 + kas(Q) with
k=3+t1

(also appliesto W, Z, ...
production)

Exercise: show that K ~ 1.65 (1.35) at Q = 5 (90) GeV
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Drell-Yan process Low-Q Drell-Yan

NLO cross section

Virtual contributions
o The dominant conftribution to
e NLO: (ag™’) virtual corrections (qq')yirt

. . oot If £ IS Moderate
P D> C I

2
o0 ~ |1+ 2Cr(1 + 42)] 0£2

. : :»ED real emission diagrams (qq’ i
WO e e emEen gronms ~ [1+ 3.0050,] o ¢
> >‘M Atz —0or1,in(z)or
e NLO: (,»EU) real emission diagrams (¢G)ea lnp(]_ — ,1‘)/(]_ — ,’L’)+ Terms are
D >\‘ enhanced; the NLO factor is not
‘ - constant!

e NLO (,;E“) real emission diagrams (Gq'),cal

S Y
. /T

s

2 — 3 contributions

Generate Q1 # 0, non-frivial
0., v, dependence
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Drell-Yan process Low-Q Drell-Yan

NNLO cross sections for low-() DY process

Anastasiou, Dixon, Melnikov, Petriello, 2003-05

2.0» T ‘ ‘ ]
[ Vs = 38.76 GeV ]
[ M =8 GeV ]
1.8 —
L w=M jl
1.6 =
1 KNO~16aty=0
N KNLO x14aty=1
el _]
= K(z) B
-
P I B | | ol I ]

—-1.0 -0.5 0.0 0.5 1.0
Y
Compare with 1 + 3a4(8) ~ 1.56
K® = oynro/onLo — uniform enhancement over NLO by ~ 8%

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 1



Drell-Yan process Low-Q Drell-Yan

Classical measurements in low-() DY process

1. Sea quark PDFs g;(z, Q) from rapidity (y) distributions

2. Spins of v* and quarks from angular distributions of decay
leptons

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 12



Drell-Yan process Low-Q Drell-Yan

1. Constraints on quark sea from pN — (/- X
(N =p, d, Fe, Cu,..)

do _ - - -
szpé’y ~ (%)2 [UAUB -+ UA’ILB] + (*%)2 [dAdB + dAdB] ~+ smaller terms

= sensitivity to g(z, Q)

Assuming charge symmetry between protons and neutrons
(Up = dp, up = dp):
dopn

aord; ™ (%)2 [’U,ACZB + ’l_LAdB] + (—%)2 [dAﬂB + CZAUB] -+ smaller terms

If deuterium binding corrections are neglected:
qa(x) = gp(z) + ()

Atz > zp (arge y): g(za) ~ 0and du(z4) > d(z )

Opd 1(1+d—“)[1+r]~1

4u A

20,y 2 (1+ 24r) T2

4u p

(1+7), where r = d(z5)/u(z5)

.. 0pa/(20,p) constrains d(z, Q)/u(z, Q) at moderate x

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 IK)



Drell-Yan process Low-Q Drell-Yan

Theory vs. experiment

Cross sectionat Q = 4 — 17 GeV

E605 (p Cu — W X) Pag = 800 GeV
Martin, Roberts, Stirling, Thorne, Eur. Phys. J., C4, 463 (1998)

opi/(20pp) Ot large zp = x4 — 2

ufl
i x = —.125 0 .
T ol
8L - s
g ey . ©
2 109
< 07y = —a25
3 o
O 08
3 0°F - o2 \
=
7
'%m 07 = 075 oo
g e
5 10°F .
=
=

:
| .

L MRS(R2). -~~~ "~ ">y
2l AL
11 ;
& L
N l—=-=~.a._.
g L
© -
W= “CTEQ4M @-a=0)"
08— FNAL-E866/NuSea
[ PRL, 80, 3715 (1998)
0_77\\\\‘H\\‘HH‘HH‘HH‘HH‘HH
0 0.05 0.1 0.15 0.2 0.25 03 0.35
X2
o Theory curves reflect different assumptions about d /@

PDF fits (e.g., CTEQ5M) quantitatively account for the violation of
SU(2) symmetry in the quark sea
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Drell-Yan process Low-Q Drell-Yan

2. Lepton distributions in the rest frame of +*
The Born cross section for ¢;q; — V — ¢’ is derived tomorrow:
do
dQ2dydn &

> {(f% +IINGL g7 + 97 (1 + cos® 0.) [4(24)a5 (2B) + Tp(24)g; ()]
jk=u,a,d,d,...

+(f& - fi)(gih,,-,; = g?{‘j,;)@ cos 0+) [gj(za)d5(xB) — qk(IA)ij(xB)]}

W /., fr are left-handed and right-handed V ¢/ couplings
W g, iz 9r i Qre left-handed and right-handed Vg;g; couplings

Leading order The E7 pI7 pyv pz ComponenTS are

~* rest frame e (p1)

_./%9_ Mg = 9(1001) Q(oo 1);

ap) T am) 622 ;

et(p2) I p1 5(1 0,0, cosby); pz—E(l 0,0, —cosb,);

z

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 15



Drell-Yan process Low-Q Drell-Yan

The Born cross section
do
dQ2dydQ &

S Z {(f12€+f%)(92hjl_€+912‘€.j15)(1+c°526*)[q.7'($A)(11;(33B)-‘rq;;(x,q)qj(acB)]
j.k=u,a,d,d,...

H(f3 — BN 7 — 9 ,7)(2c080.) [0 (2.0)z (o) — q,;(:cA)wB)]}

H The 2 cos 0, term vanishes in the
pdarity-conserving case

(fL = frOrgr = gr)

B The (1 + cos §?) dependence in the
experimental data confirms the vector
(spin-1) nature of low-Q Drell-Yan
process

@

1/6, do/dR

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011



Drell-Yan process Low-Q Drell-Yan

The Born cross section
do
dQ2dydQ &

S Z {(f}%"‘f%)(gi’j,;+9;_]~,-C)(1+c052 0+) [q;(za)qz(zB) + G5 (za)q; (2 B)]
j.k=u,a,d,d,...

H(f3 — BN 7 — 9 ,7)(2c080.) [0 (2.0)z (o) — q;;(:cA)qun}

B 1V boson production: e
fR = gR = O ??0 30 B\ yw==1 30 é\ =0
WV cross section dependson 5 AN X—7
two functions (1 + cos 6..)? T T e ey
weighted by different parton e e e T ey
luminosities 5 A RS

8 s =500 GeV, L =800 pb”
B non-frivial correlation Ea / Y-08, leacing order
between y and 6, in the 5L~ (1 o7
acceptance, efc. 05 0 o

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 16



Drell-Yan process

Final states in DY-like processes

oy W&lz H Z' Grgpon

|
1t 1
c b t
W and Z boson production i ' T
(3. L =40 pb
= , EF_mui5
B good convergence of the a g L T Rls .
series s uv\]
B small backgrounds 10
W separation of PDF flavors T amAS e
(via the CKM maitrix) h 4 = "
. g m,, [GeV]
M sensitivity fo new physics

Z pole and ~* continuum in ¢+ ¢~ production

Pavel Nadolsky (SMU)

CTEQ summer school

July 12,2011 17



Drell-Yan process

Leptonic vs. hadronic decay modes

The W and Z branching ratios Br; = I'; /I are
B Br[W — fy] ~3x11%, Br[W — jets] ~ 68%

B Br[Z — (0] =3x3.36%, BrjZ — vi] = 3 x 6.67%,
Br[Z — jets] ~ 70%

At /s of a few TeV, hadronic W, Z decays are hard to observe
because of the large background from QCD jets

The most viable decay modes are
W7 ecte,Z—putu

W —etv., W— pu+ v, with neutrinos identified by missing
fransverse energy B

Pavel Nadolsky (SMU)
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W &Z

W and Z observables

B Total cross sections

07 = / do (pp — (Z — ete")X)
dﬁe+dﬁe—

dﬁe‘*’ dﬁe—

Rapidity distributions and asymmetries

boson mass

Transverse momentum and related distributions

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 19



Drell-Yan process Low-Q Drell-Yan

Total W and 7 cross sections

=) i L S i e |
£ | ATLAS Preliminary
& 11 1 ]
f — 1 . :
i - 1 Provide tests of perturbative QCD and
o gt 1" collider luminosity with accuracy 3-5%
o L CTEQ6.6 prediction |
[ e o ey, 1 REQUIre understanding of
e
E o Jrasssew’ 1 @ 0(a2), or NNLO, QCD corrections
U.BI - IO.LS LR ‘JI MR 11
oml WM O(a), or NLO, EW corrections
NLO W* — Fv at the LHC (s = 7 TeV)
€ oot 4 M PDF uncertainties
:f 10.6;:
s , B Experimental acceptance
a " PEE I E
& wee |1 @ QCD and EW showering (all-orders

..... 0 ABKMO09
ni

resummations)

25 Gl POFvy GJR08
E | | | . e
0114 0116 0118 0.12 0122 0124
og(M?)

G. Watt, PDF4LHC mtg, 26.03.2010
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I-Y

Drell-Y

NNLO total section o,,.,(AB — W, Z) -

2a fW LHC Z(x10)
(Hamberg, van Neerven, Matsuura; Harlander, Kilgore) 22

B Scale dependence of order 1% e

B NNLO K-factor is about 1.04 at the =
Tevatron and 0.98 at the LHC wrsros N

Martin, Roberts, Stirling, Thorne, 2003

NNLO differential cross sections canastasiou, bixon, Menikov, Petrielio, 2003-05)
pp ~ (Z,7")+X
o hewhinoz! 1T

Vs = 38.76 GeV | 80— NNLO MRSTO1 ]
M = 8 GeV ]

pp~7"+X Rapidity distribution
B By B
NNLO

o

= g 5 X MRST2001 pdfs |

3 :% % M/2 £ u<2M

5 r FE -

g £ B

> >

< < h

= 2 - S}

o Lo o

~

) r R ] Vs = 1.8 TeV ¢ 4

© 4 - 20— 66 < M < 116 GeV N -]
[ 3 1 M/2 S p S M
I < E866 data, 7.2 < M < 8.7 1 © CDF data (3.9% lumi. error omitted)
i Y D N N P | N I A I =
0.00 0.25 0.50 0.75 1.00 1.25 0.0 0.5 1.0 1.5 2.0 25
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Drell-Yan process Low-Q Drell-Yan

Ratios of 1V and 7 cross sections

O N0+ KNNO at the LHC
Range of PDF uncertainties (CTEQ6.1) b 0-(2)/(0-(W+) + O'(W‘))

< mrst04

oos |- /\
L { PDF error band

a(pp>W=>e) [nb]

185

1875 19 1925 195 1975 2 2025 A. Cooper-Sarkar, 2007
o(pp=>2Z=>eg[nh

Radiative contributions, PDF dependence have similar structure
in W, Z, and alike cross sections; cancel well in Xsection ratios

July 12,2011 22
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Low-Q Drell-Yar

W and Z observables

Total cross sections

B Rapidity distributions and asymmetries

dow z
2 efc.
dQ?dy’

boson mass

Transverse momentum and related distributions

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 23



Drell-Yan process

Charged lepton asymmetry at the Tevatron

doW i do"
_ dye B dye

Ach(ye) — dch+ doW ™
dy(; dye

B relafted to the boson Born-level asymmetry when g, is large

y—ymaz T(TB) — T(7A4)
Ach(y) T m, T‘(CU)

B constrains the PDF ratio d(x, My )/u(x, My ) at x — 1

B In experimental analyses, a selection cut pr. > pi" is
imposed

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 24



Drell-Yan process Low-Q Drell-Yan

B e e e e N LN S s B e s
[ I I I
I Anastasiou et al., 2003
r FEWZ, no lepton cuts
0.5—
r 0.2
&
> g o
= €
) #-02
) — Resummed g
1 £ N
Vs = 1.96 Tev 8 -04—--——-NLO SN
M= My 1 © LO TS
M/2 € 1 2 M — -0.6 i i S
L e 1 e b e
0 -2 =i 0 1 2 3 0.5 1 1.5 2 25 3
y of W boson arXiv:1101.0561 Ve

B Without pr. cuts, A..(ye) is Not sensitive to radiative
conftributions

B With pr. cuts, A.,(y.) is sensitive to small-Q7 resummation

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 25



Drell-Yan process Low-Q Drell-Yar

Impact of the Tevatron A, data on PDFs

d/u at p = 85 GeV

1.3F

Solid band: CTEQ6.6 uncertainty
Hatched band: CT10W uncertainty

— NNPDF20

. —cT0

........ N SO 120
- . DOel(E >25GeV)

0.2

T

0
L s Lap
N =3
=021~ T §
< L 510
[ =
0.4 i)
r T
r I % 09
0.6/—
[ R. Ball et al., arXiv:1012.0836
L 0.8
p L b b i L
0'80 0.5 1 1.5 2 2.5 3
n H.-L. Lai et al., arXiv:1007.2241
0.7t -
105104 103 0.010.02 0.05 0.1 0.2 0.5 0.7

X

B The A, data distinguish between the PDF models, reduce the
PDF uncertainty

B Very precise data! = Many subtleties in their analysis

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 26



Drell-Yan process ow-Q Drell-Yar

Charge asymmetry at the LHC

CMS 36pb’ at Vs=7TeV
20.35 T T ‘ w ]
< [ —— Data 2010 (/s=7 TeV) ] 03[ o) pers>25Gevic 7]

[ 4% MC@NLO, CTEQ 6.6 ] F S
0.3 S MC@NLO, HERA 1.0 ] 02k B
r <[ oW ]
[ U MC@NLO, MSTW 2008 R e 4 cWoe 1
r i IR e errors: stat @ syst R
rW o pv ] E [ 1
0.25 N E 01| — MCFM + CT10W -
r 3 2 I * MCFM + MSTW2008NLO |
N T o) L theory bands: 90% C.I. |

r i =g i i i

[ ] g r ]
0.2 7 5 03[ p,*# > 30 GeVic 7
r 1 s r g :
] g 3 i
ATLAS 1 - 02| B
0.15 ] r ]
-1 L 4
Ldt=31pb" 1 o ]
[ ] WREE -
P P, L F : : : e ]
0 0.5 1 1.5 2 B : : = : nol

|
0 1 2
Lepton Pseudorapidity  n|

.l

Sensitive both to d/u at » > 0.1 and %/d at 2 ~ 0.01 (not
constrained well by other experiments)
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W &Z

W and Z observables

Total cross sections

Rapidity distributions and asymmetries

B 7V boson mass My,

Transverse momentum and related distributions

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 28



Drell-Yan process Low-Q Drell-Yan

Constraints on the Higgs sector and 1 boson mass My,
Both the Tevatron and LHC measure My, . It provides key
constraints on Higgs mass 1/;; in electroweak fits.

Mg ) My
My = 80.3827 — 0.0579In | ——F_ ) —0.008In2 [ ——2__
4 i (100 GeV) : (100 GeV)

In SM: ) ﬂ
+0.543 <<mt>2 - 1) — 0517 (A'had(MZ) i 1> —0.085 (aé‘(MZ) _ 1)

175 GeV 0.0280 0.118

E T
80.70 [ experimental errors 68% CL
L LEP2/Tevatron (today)

L Tevatron/LHC 4
80.60 — =

To know My to better than +50 GeV
(50%) from the fit, My, must be
measured to better than 4-0.030 GeV
(0.03%) - the accuracy that is already
reached!

80.50

M, [GeV]

MSSM 4
both models [ |
r ‘ Hefpemeyer, ik socknger waber, weign o |
Y I

m, [GeV]
SMband: 114 < My < 400 GeV
SUSY band: random scan

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 29



Drell-Yan process

Question to the audience

Inpp — (Z — ptp )X, the
value of My is found from
the resonance in
do/dM,+, -

But in pp — (W — W)X,
do /dMy, is not observed,
because the v's
longitudinal momentum
py3 IS NOt measured!

10°

T

10*

dN,/dm,, [GeV

10°
1%
10

1= ATLAS Preliminary
' Data 2010,\s=7 TeV
PR | " P

107

el vl vl vl vl 4

1

10

102

m,, [GeV]

In this situation, which trick is used to measure 1/, ?
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Drell-Yan process

Jacobian peaks in distributions of decay leptons

Certain distributions contain a quasi-resonance (the Jacobian
peak) that indicates the value of My,

Electron’s transverse momentum pf.

Jacobian peak at
p5 = My /2 =~ 40 GeV

%5 50 55
p(€) (GeV)

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 31



Drell-Yan process Low-Q Drell-Yan

Jacobian peaks in distributions of decay leptons

Certain distributions contain a quasi-resonance (the Jacobian
peak) that indicates the value of My,

Leptonic transverse mass M ¢”

(Smith, van Neerven, Vermaseren, 1983)

3 104 g
o oTy,= 16GeV
© —_—
Bl My, = 21GeV
2 AT, = 2.6 GeV
2 erv — A = =1
° My = 2(p7py — 0% - Pr)

Jacobian peak at Mg = My,

10

L \: L L L L L
40 60 80 100 120 140 160 180 200
M, (Gev)

July 12,2011 31
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Drell-Yan process Low-Q Drell-Yar

The origin of the Jacobian peak

= W e Y
In the W rest pr = |P1|sinf. = sin 0., ,‘Auf )
frame, i ORI Ty
for Q = My = 0, ZF @, Qr,y)aj(0«, o) E*'(m)/ X
a1 = 1+ cos? 6., ay = 2 cosb,, etc. (smooth functions)
do  |dcos0, do 1 4pS  do
dps | dp$ |dcosf. ope \ 2 M3, dcos b,
Jacobian
do

— oo if p7 — My /2 (1)
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Drell-Yan process Low-Q Drell-Yan

The origin of the Jacobian peak

If Qr =0 (P7)1ab frame = (PT)CS frame

(the boost from the CS frame to the lab frame is along the z—axis)

Corrections to do /dpS. are of | Predom %
order :i: 100 -

. O(r‘%V/M‘%V) due TO 'I'he g 80 j eading or er %

non-zero W width 'y, (Q # M) i

B O(Qr/Q) due to the boost = "
sensifivity fo the shape of

do /dQr (soft radiation) atf 20l

Qr < Q i |

50
p«(e), GeV

A similar Jacobian peak is present in do /dp!;.

Pavel Nadolsky (SMU)
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Drell-Yan process Low-Q Drell-Yan

More on lepton transverse mass

Exercise

Assuming Q7 = 0, verify that there is a Jacobian peak in do /dMF”
at Mg¥ = My

oTy= 16GeV
= 21GeV
ATy = 26GeV

Events 5 GeV

B Corrections to do/dMSY are of order
0(Q7/Q?) = reduced sensitivity to w2l
small-Qr soft contributions

B do/dMF, do/dpS, and do /dpY. are
commonly used to measure My, . [y is
found from do /dMS§" at large M§”

10

|
Lo SRS

40 60 80 100 120 140 160 180 200

M (GeV)
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Drell-Yan process Low-Q Drell-Yar W & New physics

Final states in DY-like processes

" Jy Y

|
|
1

wj i 7 G

§ ATLAS :. —

[im] ZIy* El

. — -1 [EDiboson 3

New physics at @ > 100 GeV bdmazebt me o
Ns=7Tev Dloch E

2750 GeV) 3

M Indirect constraints from ' Setizs0 oo
electroweak precision E
mMmeasurements :
M direct new physics searches 200" 300 10002000

my, [GeV]
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Drell-Yan process 2 Drell-Yan New physics

Search for heavy states at DO

| Electron E;

10°3 —— Signalm_ =777 GeV
D@ Run Il Preliminar weo
P Y w - e

ann

>

8 10° El 900 pb ] QCD (from Data)
. 1 |:| W - tv

Il zy - ee
Clzy -

B ww incl.

T fincl.

T wzinel.

- ZZincl.

—+4— Data

|

E; [GeV]

W' — v
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Drell-Yan process

Low-

Q Drell-Yar

New physics

Differential cross section for contructive LL model __ |

IR T T T T T

Constructive
LL Model

==

- |

L L L L
500 500 400 500 600 700 800

M, (GeV/c?)

Leptoquark — uu

o0 70
invmass Gov

466206 300 466 506 606 706 806 506 " 7000
....... o
SM
Destructive
LL Model A=4TeV

o
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Drell-Yan pre¢

Search for heavy states at DO

Elo“ DO Run Il Preliminary 1.0 fo}| e DATA
0 oy - ee
E 10 [ Y
% B wwwzizZ incl.
2 :] ttbar incl.
10 ] QcCD (estim. from DATA)

PRI B | 11
200 300 400 600

700

m,,, (ee) (CC/CC) [GeV]

Contact interactions: pp — e(e* — ey)X

Pavel Nadolsky (SMU) CTEQ summer school
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Search for heavy states at DO

‘ D@ Run Il Preliminary, 1.1fb" |

excluded at 95% €L

=== Sensitivity

PRL 95, 091801 (2005

e : f
rudea Dy precision e

0.017
200 300 400 500 600 700 800 900
graviton mass M1 (GeV)

Randall-Sundrum graviton — ee, v~
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Drell-Yan process ow W & New physics

Summary
Essential applications of Drell-Yan-like processes

B clean fests of QCD factorization

B studies of the nucleon structure (quark sea, flavor
separation,...)

B “standard candle” processes (NNLO....)
B electroweak precision measurements
B searches for new physics
Many interesting topics were not covered
B Polarized Drell-Yan-like processes (measurements of new
nucleon structure functions)
B Connections to kp factorization

B Various resummations (Qr, small z, threshold,
heavy-quark....)

B Drell-Yan production in heavy-ion scattering

Pavel Nadolsky (SMU) CTEQ summer school July 12,2011 36



